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A B S T R A C T   

Prevention of infection with canine heartworm (Dirofilaria immitis) is based on the compliant administration of 
macrocyclic lactone (ML) drugs. Resistance to ML drugs is well documented in D. immitis; however, there re-
mains a paucity of information on the spatial distribution and prevalence of resistant isolates. This project aims 
to improve understanding of ML-resistance by using a population genetic approach. We developed a large panel 
of microsatellite loci and identified 12 novel highly polymorphic markers. These 12, and five previously pub-
lished markers were used to screen pools of microfilariae from 16 confirmed drug-susceptible, 25 confirmed 
drug-resistant, and from 10 suspected drug-resistant field isolates. In isolates where microfilarial suppression 
testing indicated resistance, Spatial Principal Component Analysis (sPCoA), Neighbor Joining Trees and 
Bayesian clustering all revealed high genetic similarity between pre- and post-treatment samples. Somewhat 
surprisingly, the Neighbor Joining tree and sPCoA generated using pairwise Nei’s distances did not reveal 
clustering for resistant isolates, nor did it reveal state-level geographic clustering from samples collected in 
Georgia, Louisiana or Mississippi. In contrast, Discriminant Analysis of Principle Components was able to dis-
criminate between susceptible, suspected-resistant and resistant samples. However, no resistance-associated 
markers were detected, and this clustering was driven by the combined effects of multiple alleles across multiple 
loci. Additionally, we measured unexpectedly large genetic distances between different passages of laboratory 
strains that originated from the same source infection. This finding strongly suggests that the genetic makeup of 
laboratory isolates can change substantially with each passage, likely due to genetic bottlenecking. Taken to-
gether, these data suggest greater than expected genetic variability in the resistant isolates, and in D. immitis 
overall. Our results also suggest that microsatellite genotyping lacks the sensitivity to detect a specific genetic 
signature for resistance. Future investigations using genomic analyses will be required to elucidate the genetic 
relationships of ML-resistant isolates.   

1. Introduction 

Dirofilaria immitis, commonly known as the canine heartworm, is the 
most important helminth parasite of dogs, with the potential to cause 
serious and potentially fatal disease. Heartworm, a filarioid nematode 
parasite, is transmitted by mosquitoes and is found commonly in tem-
perate and tropical areas of the world. In the United States, the in-
cidence of heartworm infection is highest in the southern region, 

particularly along the Gulf Coast and Mississippi Delta (Bowman et al., 
2009; Sacks and Caswell-Chen, 2003). To protect dogs against infec-
tions with D. immitis, macrocyclic lactone (ML) anthelmintics are ad-
ministered prophylactically to kill L3 and L4 larval stages before they 
enter the vasculature. All heartworm preventive products are required 
by the FDA to achieve 100 % efficacy in both laboratory and field trials 
(Hampshire, 2005). However, lack of efficacy (LOE) complaints related 
to ML product ineffectiveness began to increase in the early 2000’s, 
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