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Abstract 

Dirofilaria immitis is a vector borne parasite known to cause heartworm disease in multiple 

mammalian species and is considered a zoonotic disease. Through the use of ELISA IDEXX 

SNAP test kits for heartworm and the 4DX test kits, prevalence of heartworm was determined in 

the feral canine population of Arizona spanning from 2008 to 2011 with 159 samples collected 

opportunistically. Arizona had a prevalence of 14.44% positive heartworm in the feral canine 

population. Multiple counties throughout Arizona were sampled, with Pinal County having the 

highest overall percent positive samples at 34.04%. The results suggest that Arizona is becoming 

a potentially endemic area for D. immitis. More research needs to be done in this area to fully 

determine the effects of human migration on disease frequency and distribution into previously 

uninfected areas. Understanding the prevalence of D. immitis in Arizona through the use of a 

canine sentinel species, both the coyote and feral dog, can lead to better preventative measures 

for veterinarians and pet owners. Moreover, the distribution of D. immitis can lead to indication 

of the mode of emergence of the filarial nematode parasite. 



Introduction 

Dirofilaria immitis is a vector borne parasite that causes dog heartworm infection through 

the transmission of the parasite via mosquito vectors (D. Bowman et al., 2009; Grieve, Lok, & 

Glickman, 1983; Haddock, 1987). Heartworm infection in dogs can become a serious disease 

and fatal if not treated (Hoch & Strickland, 2008; Otto, 1949). Heartworm disease has been 

detected worldwide. Its prevalence is affected by transportation of the parasite within the host 

and the vector distribution (Song et al., 2003).  

Dirofilaria immitis is dependent on reservoir and vector interactions as well as climate to 

complete its lifecycle (Grieve, et al., 1983). Understanding the complexity of the lifecycle and 

factors affecting the growth and maturation of the larva can lead to an understanding of the 

spread and emergence of the disease in areas throughout the United States. This study examines 

the prevalence of Heartworm infection in Arizona using feral canines, Canis lantrans and Canis 

familiaris as a sentinel species for both domestic and wild populations of canines (Acevedo & 

Theis, 1982; Grinder & Krausman, 2001). The range of coyotes (Canis lantrans) is depending on 

the territorial nature of the dominant pack leaders and density of the population, with about each 

coyote requiring about 1 km
2
 and fluctuation on food abundance and reproduction (Knowlton, 

Gese, & Jaeger, 1999). Coyotes act as an ideal sentinel species due to their distribution 

throughout the state of Arizona and the urbanization of populations that are often in close 

proximity to human developments - subsequently the domestic canine population (Grinder & 

Krausman, 2001).  

The transmission of D. immitis between vector and host is dependent on bionotic factors 

of the mosquito including seasonality, longevity, blood meal frequency and host preference. The 

prepatent period is approximately six months in the canine, thus infection is only able to be 



detected after this time through the use of ELISA assay (Courtney & Cornell, 1990). 

Environmental factors include climate and humidity as well as geological traits beneficial to 

transmission (Simon, Morchon, Gonzalez-Miguel, Marcos-Atxutegi, & Siles-Lucas, 2009). 

Moreover, microfilaria in the blood exhibit periodicity that synchronizes with host and vector 

activity, thus increasing likelihood of transmission to a vector. Microfilaria are present in the 

peripheral blood stream during the day and in the summer months to coincide with mosquito 

season (Grieve, 1983). Moreover, Dirofilaria immitis is a zoonotic concern and can also be used 

as a template for treating human nematode infections due to the similarities in the biological 

relationship among the host, vector, and parasite (Billups, Schenken, & Beaver, 1980; Grieve, et 

al., 1983). 

Distribution of Dirofilaria immitis has been noted throughout the United States;  however 

its presence in the western states was considered rare until the 1970’s (Weinmann & Garcia, 

1980). Low incidence of infection in coyotes suggests that coyotes do not act as a reservoir host 

for heartworm. However recent studies that demonstrate heartworm rising in the area indicate 

coyote and feral dog populations have the potential to become an important constituent in D. 

immitis prevalence as a reservoir host (Sacks, 1998; Weinmann & Garcia, 1980). Thus the 

surveillance of the feral canine population is critical due to its impact as a plausible reservoir 

(Theis, Kass, Davis, Stevens, & Wojdak, 2011). This study provides a baseline for the 

prevalence of heartworm in feral canines throughout five counties in Arizona: Coconino, 

Cochise, Maricopa, Mohave and Pinal County.  

Materials and Methods  

Feral canine blood samples were collected opportunistically and the serum was sent to 

the University of Arizona Microbiology and Veterinary Science Laboratory to conduct testing on 



the samples. Blood samples of canines were obtained with GPS coordinates in order to track the 

infection by individual location and gain an overall geographical distribution of heartworm 

disease. Each sample was tested with an IDEXX 4DX Canine Heartworm Antigen-Anaplasma 

Phagocytophilum-Borrelia Burgdorferi-Ehrlichea Canis Antibody Test Kit and the IDEXX 

Heartworm Test Kit. The Canine SNAP 4Dx is designed for the detection of these agents using 

whole blood or serum as an in-vitro diagnostic tool. Purified analytes are used on the ELISA 

platform to provide highly specific antibodies to the adult female D. immitis (IDEXX 

Laboratories, 2008).  All samples were warmed to room temperature (15-25 °C). Three drops of 

serum were evaluated with 4 drops of the conjugate and the contents were inverted several times. 

The contents were added to the sample well and allowed to reach the activation circle before the 

activator was firmly pressed.  The tests were read after eight minutes. With serum, the IDEXX 

4Dx SNAP test is 99.2% accurate in 95% confidence limits and 100% Specific with 95 % 

confidence limits (IDEXX Laboratories, 2008).  All positive samples were retested to increase 

confidence in the positive samples. Statistical analyses of the samples were performed to 

detected significant prevalence of heartworm in Arizona, and the distribution of the positive 

samples was recorded by county.  

Results 

The incidence of positive heartworm detected using IDEXX ELISA antigen tests in five 

counties in Arizona is summarized in Table 1. Overall Dirofilaria immitis adult female worm 

occurrence in the canine host was determined to be 14.44%, with Pinal County having the 

highest incidence of positive samples at 34.04% and Maricopa County having the lowest at 0% 

overall (Table 1). All positive samples were retested and positive on both trials of the test. The 

Chi square test indicated that there was a correlation between the county and the infected 



population (Chi
2
,v=4=21.51, P>0.001) at 99.9% confidence level. The geographical distribution 

was assessed through the GPS coordinates on 125 of the 159 samples. Of the 125 samples, 23 

were positive and graphed (Figure 1). The majority of infection was detected in Pinal County, 

thus this area was mapped separately (Figure 2). These figures can be found in Appendix 1.  

 

Table 1: Distribution of Dirofilaria immitis by Arizona County in blood samples of feral canines 

from 2008 to 2011. Samples were assessed using IDEXX 4DX Tests and Heartworm Tests.  

County

Number of 

Positve 

Samples

Number 

samples

Percent 

Postive in 

County

Sample 

Distrinution 

Coconino 3 48 6.25% 30.19%

Cochise 1 9 11.11% 5.66%

Maricopa 0 18 0% 11.32%

Mohave 3 37 8.11% 23.27%

Pinal 16 47 34.04% 29.56%

Total 23 159 14.44% 100%

Incidence of Heartworm infection in the feral canine population in 

Arizona

 

Discussion 

Heartworm infection is a serious and life threatening disease in canine species. In this 

study, we assessed the prevalence of heartworm infection in Arizona using the coyote and feral 

canines as a sentinel species for the domestic dog. This is the first case of using the IDEXX Snap 

Test to detect heartworm as the only method of confirming infection to provide a manageable 

field collection of samples. Microfilaria detection in blood smears or dissection of the heart to 

detect the adult worms have been the gold-standard in heartworm detection. No blood smear 

slides or whole hearts were available for this sampling, thus confirmation through these methods 

was not possible. Moreover, IDEXX SNAP 4DX tests have specificity of at least 98% and 

sensitivity of 99.2% for the female D. immitis antigen (Courtney & Zeng, 2001; IDEXX 



Laboratories, 2008). Our intent was to assess the prevalence of heartworm infection in Arizona 

using a rapid and effective test conducive to field study and the collection of serum samples from 

the feral canine population. The prepatent period for heartworm disease is approximately six 

months, thus infected individuals in this age group would not appear as positive tests even with 

infection present (IDEXX Laboratories, 2008).   

We noted a significant difference between the counties in the heartworm infection of the 

feral canine population. Pinal County had the highest incidence of D. immitis infection at 

34.04%, followed by Cochise County with 11.11% (Table 1). The opportunistic collection of 

feral canine serum provided a random, but unequal distribution of samples. Thus it is noted there 

may be a bias in sample collection in high interface and dense feral population counties in 

Arizona. However, this also provides information to highly susceptible areas of the feral canine 

population and the possibility of these populations becoming reservoir hosts, demonstrated by 

the range of heartworm infection throughout Arizona (Figure 1). Moreover, there is a correlation 

between location and infectivity of heartworm determined by the Chi Squared test (P<0.001). 

There are multiple factors which might be posited to contribute to the higher incidence of disease 

relating to the reservoir hosts in certain counties. The majority of cases appear in the Pinal 

County area (Figure 2). Pinal County is a large farming and cattle growing community where use 

of irrigation is prominent and the region is newly developed(Ruiz, Smith, & Snider, 2007). 

Irrigation of crops and fields possibly provides ample breeding ground for the mosquito 

populations which depend on open stagnant water to lay eggs. Furthermore, coyotes have 

become well adapted to the urban area and thus come in regular contact with irrigated areas 

increasing the likelihood of transmission between vector and host. 



The spread of heartworm has been facilitated by human and subsequently pet migration, 

thus distribution of the disease is seen throughout Arizona instead of one localized area (Figure 

1). This prevalent spatial distribution makes disease prevention necessary on multiple scales, 

both for domestic and wild populations. Prevention through the use of parasiticides is an 

effective measure to inhibit the D. immitis parasite from propagating and helps reduce the spread 

of infection (D. D. Bowman & Atkins, 2009). In order to best protect the pet population, 

veterinarians need to be informed of the relevant and emerging diseases in the area. Thus, having 

accurate and recent research on the prevalence of diseases such as heartworm is a useful tool in 

discussing healthcare of the canine population. Moreover, heartworm is potentially zoonotic, 

thus it is necessary to know the distribution and percent of the population affected to better 

understand health risks in the area.  

In conclusion, this study is an initial representation of the occurrence of heartworm 

infection in feral canines throughout Arizona. This study establishes a preliminary assessment of 

heartworm disease frequency, providing reference point to further investigate the emergence of 

D. immitis in the region. The implications of the emergence of Dirofilaria immitis in Arizona 

need to be incorporated into both veterinary and human health information due to the potential 

zoonoses of this disease. More investigation is necessary to determine the overall prevalence 

throughout each county and the incidence of human and animal infection, as well as possible 

ecological/anthropomorphic causes for the emergence of Dirofilaria immitis. Further research 

needs to be done to assess possibility of coyotes as a reservoir host and to assess microfilaria in 

the blood and heart necropsies to further analyze the incidence of heartworm in the feral canine 

population.  
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Appendix 1 

 

Figure 1: Incidence of positive samples from serum collected from feral canines throughout five 

counties in Arizona. GPS coordinates were obtained for 23 of the 159 samples.  

 



 

Figure 2: Distribution of positive samples collected from feral canines localized to the Pinal 

Country. Prevalence was determined to be 34.04% positive cases of heartworm disease.  
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