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Abstract
Dirofilariasis (heartworm disease) has been reported in Grenadian dogs. The
aim of this cross-sectional study was to determine the prevalence of Dirofilaria immitis in stray dogs (n = 523) from the six Parishes of Grenada. Necropsy
records were reviewed; information on the distribution and lesions of Dirofilaria immitis was recorded. A total of 144 from 523 dogs (27.5%; 95% CI:
23.9% to 31.5%) were positive for Dirofilaria immitis on necropsy. This study
shows that heartworm disease is prevalent in stray dogs in all the Parishes of
mainland Grenada. This is a progressive, life-threatening disease and thus,
there is a need to screen and prevent it within the stray dog population of
Grenada.
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1. Introduction
Canine heartworm disease is a mosquito vector-borne disease caused by the filarial nematode, Dirofilaria immitis [1]. The parasite (Dirofilaria immitis) is
transmitted by various mosquitoes belonging to the genera Culex, Aedes, Ano-

pheles, Ochlerotatus, and Mansonia [2] [3]. Adult female D. immitis lays microfilariae, which are taken up by suitable mosquito vectors and subsequently develop to the infective 3rd larval stage. Transmission takes place when a potential
vector bites dogs or other hosts during a subsequent blood meal. It takes about 6
- 7 months to become an adult stage. Pathophysiological response to heartworm
infection is mainly due to the presence of adult worm in heart and lungs. The
main clinical symptoms in dirofilariasis include persistent cough, difficult
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breathing, and poor exercise tolerance followed by ascites, anorexia, and weight
loss. The disease is more prevalent in warm tropical and subtropical regions of
the world where the conditions are favorable for mosquitoes to thrive. [2] [4].
The impact of D. immitis infections on companion animal health and veterinary practice in endemic areas cannot be overemphasized [5]. In endemic areas,
where prophylaxis is irregular, the prevalence of D. immitis infection can be as
high as 20% [5]. The necessary conditions for the transmission of heartworm
disease are encountered all year-round, and can be augmented by human and
animal migration, as well as, by possible climate change [6]. All these factors are
also observed in Grenada; humans and their dogs travel constantly for various
purposes such as, education or vacation.

Dirofilaria immitis originated in Asia, had a long history in countries bordering the Mediterranean, and was brought to the Americas via dogs by the early
explorers and immigrants [7]. Canine heartworm disease has been known to exist in the Americas for more than 150 years (1847), and the first South American
report was published approximately 30 years later (1875), followed by Japan in
1880, and almost 90 years later in Iran [8] [9] [10]. Limited literature is available
on the prevalence of D. immitis infection in the Caribbean and South America
[8] [11]. The following are prevalence levels of D. immitis in dogs in the Caribbean region: Turks and Caicos island (58% in stray dogs and 8% in owned dogs)
[12]; Puerto Rico (20%) [11]; Curacao (11%) [11]; Grand Bahamas (53%) [11].
In Grenada, Chikweto et al. [13] found 15.4% prevalence of D. immitis in owned
dogs. Therefore, the objective of this study was to compare the prevalence of D.

immitis in stray dogs with previous report in owned dogs in Grenada.

2. Materials and Methods
2.1. Country of Research
Grenada is a Caribbean island between the Caribbean Sea and Atlantic Ocean,
north of Trinidad and Tobago. It is located at 12˚ north of the equator and approximately 200 miles north of Trinidad and Tobago. Grenada is a tri-island
state comprised of Grenada, Carriacou and Petite Martinique. Grenada is the
largest of the three islands and is divided into 6 parishes namely St. George, St.
John, St. Mark, St. Patrick, St. Andrew, and St. David. St. George’s University is
located at the southernmost tip of the island in the second largest parish, St.
George. The Grenadian climate is tropical and wet, tempered by northeast trade
winds. The wet season runs from June through November and rainfall is less
pronounced from December through May. Similarly, the highest humidities
(80%) are recorded during the rainy months, and values from 68% to 78% are
registered during the drier period. Temperatures averaging 29˚C are constant
throughout the year. Diurnal ranges within a 24-hour period are between 26˚C
and 32˚C during the day and between 19˚C and 24˚C at night. The temperature
and humidity provide suitable conditions for development of the mosquito as
well as for the larvae (L1-L3) of D. immitis in the vectors [1]. The presence of
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these climatic conditions in Grenada and the importance of stray dogs as reserve
host of the infection in its transmission to other animals, and even humans, necessitated this study.

2.2. Collection of Samples
This work was facilitated by collaboration in a program with the Veterinary and
Livestock Division of the Ministry of Agriculture, Lands, Forestry & Fisheries in
conjunction with the Ministry of Health and Social Security. In this stray dog
control program, stray dogs were impounded, euthanized and submitted for necropsy to the Pathology Laboratory of the School of Veterinary Medicine at St.
George’s University. A total of 523 stray dogs from the six different parishes of
Grenada were trapped in five years, between 2008 and 2013. At the time of necropsy, observation was made on the physical condition of the carcass. A distinction of sex and a rough estimation of the age of the dogs (puppy, juvenile
and adult) was also made. A complete necropsy was performed on each dog with
special attention given to the heart and the lungs. Necropsy was under taken
within 24 - 48 hours following euthanasia. Dogs with thread like worms, D. immitis, in heart and or lungs were recorded as positive. However, nematodes were
not counted, but a semi-quantitative classification (mild, moderate and severe)
was done. The degree of infection was subjectively divided into mild (1 - 10 nematodes), moderate (10 - 20 nematodes) and severe (>20 nematodes) in the
heart and pulmonary vasculature. A few worms taken from heart/lungs were
examined under a light microscope for identification. These worms were identified following the description of D. immitis by Bowman [12].

2.3. Statistical Analysis of Data
Confidence interval for prevalence and comparison of prevalence values between
stray and owned dogs were calculated using a graphpad statistical software
(http://www.graphpad.com/quickcalcs/). Briefly, the number of heartworm positive stray dogs was divided by the total number of stray dogs in order to obtain a
proportion of positive dogs. The proportion was used to calculate the confidence
interval at 95% level of confidence. Four by four contingency tables were created
and subsequently used for calculation of p-value.

2.4. Ethical Statement
The Ministry of health routinely euthanizes stray dogs in order to control the
population of these dogs. Approval to euthanize the stray dogs was obtained
from the Government of Grenada. On our part, it was not necessary to obtain
approval from the Institution of animal care and use Committee University
(IACUC) at St. George’s since the animals submitted to us were not alive.

3. Limitations of This Study
The present study was based on stray dogs that were euthanized by the Ministry
DOI: 10.4236/ojvm.2017.711018
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of health and submitted to the necropsy facility at St. George’s University. The
Ministry of health routinely controls stray dogs by euthanizing them. Since the
sampling method was not random in nature, it could result in a biased estimate
of prevalence. However, this deficiency was compensated for by a large sample
size of 523 stray dogs. Since the dogs were euthanized by separate persons, it was
not possible to observe clinical signs of heartworm disease in the stray dogs. Finally, since the dogs were stray, it was not possible to get the exact age.

4. Results
Out of the 523 dogs (280 females and 243 males) that were necropsied, 144 (72
females and 72 males) were positive for D. immitis, in the heart and/or lungs
(Figure 1), with an overall prevalence of 27.5% (95% CI: 23.9% to 31.5%). Examination of worms under light microscope was consistent with the morphology
of D. immitis. The total number of dogs necropsied with the corresponding
number of dogs infected with D. immitis, according to Parish, are shown in Table 1. The number of dogs infected with D. immitis according to Parish in descending order was as follows: St. Andrew (58%); St. David (51%); St. Patrick
(36%); St. John (32%); St. George (24%); St. Mark (9%).
All the stray dogs were of a mixed local breed, also referred to as Grenadian
pothound. Pothounds are the most common type of dog in Grenada. Table 2
shows categories of dogs thus: puppy; juvenile and adult. Severity of heartworm
infection according to age group is also depicted in the same table. All the
worms examined were adults, they ranged from 3.2 to 11 cm in length. The
worms were not counted and not grouped into males and females.
In the stray dogs with moderate and severe worm burdens, the right ventricle
was often dilated and there was subsequent chronic passive congestion in the
liver.

Figure 1. Heartworm infection in a dog. Numerous adult Dirofilaria immitis are
present in the right atrium and ventricle (left) and in branches of the pulmonary
artery of the lung (right).
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Table 1. Prevalence of D. immitis in stray dogs in the different Parishes of Grenada.
Parish

Number of dogs necropsied

Number infected

Percent (%) infected

St. Andrew

50

29

58

St. David

45

23

51

St. Patrick

14

5

36

St. John

34

11

32

St. George

272

66

24

St. Mark

108

10

9

Totals

523

144

27.5

Table 2. Canine heartworm disease in stray dogs according to age group in Grenada West
Indies.
N of D. immitis positive dogs (%)

Dogs
Age group

N examined

Mild

Moderate

Severe

Total

Puppy

18

1 (5.6%)

1 (5.6%)

0 (0%)

2 (11.1%)

Juvenile

24

0 (0%)

3 (12.5%)

1 (4.2%)

4 (16.7%)

Adult

481

22 (4.6%)

66 (13.7%)

50 (10.4%)

138 (28.7%)

5. Discussion
In the present study, the overall prevalence of canine heartworm disease in stray
dogs in Grenada was 27.5% (95% CI: 23.9% to 31.5%). In an earlier study on canine heartworm disease in owned dogs of Grenada, the overall prevalence was
estimated at 15.4% [13]. The current study demonstrates that stray dogs are
more affected by D. immitis than owned dogs in Grenada. The difference in
prevalence values between stray and owned dogs was statistically highly significant (p = 0.0001). Similarly, in the Caribbean island of Turks and Caicos, stray
dogs (58%) were significantly more affected by D. immitis than owned dogs
(8%) [14]. In Northern India, a similar trend with stray dogs (26% - 30%) being
more infected than owned dogs (9% - 11%) was found [15] [16]. The higher
prevalence of D. immitis in stray dogs entails lack of prophylaxis in this population of dogs. Stray dogs therefore pose a risk for infection of D. nimmitis to
owned dogs since they are a major reservoir for this parasite.
The proportion of infected dogs (9%) in St. Mark was surprisingly lower than
expected. During this study, we assumed that St. George would have the lowest
prevalence due to the presence of the School of Veterinary Medicine and the
Small Animal Clinic in this Parish. On the contrary, in St. Mark there is no veterinary clinic. It is possible that the low prevalence in St. Mark might be due to
some prophylactic intervention by private veterinarians before the dogs strayed
away. As soon as prophylaxis stops, the dogs become susceptible to D. immitis
infection. Thus latest one year after becoming stray dogs, they have the same likelihood for harboring adult D. immitis as dogs without prophylactic treatment.
DOI: 10.4236/ojvm.2017.711018
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Thus either stray-dogs get caught relatively quickly in that area or there must be
an additional explanation for a low prevalence.
Most of the stray dogs are initially owned and later become stray; resulting in
uncontrolled breeding. This is generally due to poor care by dog owners. Prophylaxis is not also routinely done, due to socio-economic constraints.
The variation in the prevalence of D. immitis detected by necropsy in different
parts of Grenada can only be partially explained. It could be attributed to differences in mosquito vector burdens and dwelling conditions of dogs in the different areas of the country. However, to better understand these mechanisms, further investigations will be needed.

6. Conclusion
This study revealed a high prevalence of D. immitis in stray dogs, from all six
parishes of Grenada. These dogs represent a parasite reservoir and thus a potential risk for infection of owned dogs and even humans [17]. As a consequence,
the Ministry of Health and Social Security in collaboration with the Veterinary
Division of the Ministry of Agriculture, Lands, Forestry & Fisheries should continue with the stray dog control program. Effective and reliable medicines for the
prophylaxis of D. immitis infection in dogs are commercially available. Additionally, the Ministry of Health and Social Security, alongside the One Health
One Medicine Program run by St. George’s University may provide outreach
educational programs regarding regular use of preventative medication for D.

immitis in dogs and responsible dog ownership.
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