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Macrocyclic Lactone Loss of Efficacy against Dirofilaria immitis is a problem of resistance development by D.
immitis (Filarioidea: Onchocercidae), a nematode parasite that inhabits the pulmonary arteries of dogs and other
carnivores causing heartworm disease, versus Macrocyclic Lactones, i.e. the drug category used for prevention of

heartworm disease.

Dirofilaria immitis macrocyclic lactones resistance

| 1. Dirofilaria immitis and Heartworm Chemoprophylaxis

The nematode parasite Dirofilaria immitis (“heartworm”) is the agent of canine heartworm disease, one of the most
severe parasitic diseases of dogs and other carnivores. Dirofilaria immitis is transmitted by the bite of infected
mosquitoes and may also infect humans, typically causing “pulmonary dirofilariosis”. Because of the impact of
heartworms on the health of animals, the complexity, risk and cost of the treatment and the zoonotic implications,
heartworm prevention in dogs is imperative L8], prevention is achieved by the administration of drugs containing
macrocyclic lactones (MLs), i.e. ivermectin (IVM), selamectin (SEL), eprinomectin (EPR), abamectin (ABA)
(licensed in Australia for use in dogs), milbemycin oxime (MO) and moxidectin (MOX). These products are very

safe and highly effective, targeting the third and fourth larval stages (L3, L4) of the parasite (Table 1).

Table 1. Veterinary products with macrocyclic lactones, registered in the USA or Europe for heartworm prevention

in dogs and cats *.

Active Target Application Combination
Molecule * Species Route/Administration e R Molecule(s)

Centragard?/Boehringer .
Praziquantel

Ingelheim
NexGard Ceniono
. : : Combo?/Boehringer safoxolaner,
Eprinomectin cat topical/monthly T Praziquantel

Fipronil,
Praziquantel,
(S)-Methoprene

Broadline3/Boehringer
Ingelheim

https://encyclopedia.pub/entry/15576 1/6



Macrocyclic Lactone Loss of Efficacy against Dirofilaria immitis | Encyclopedia.pub

Active Target
Molecule * Species
dog, cat
Ivermectin
dog
Milbemycin
oxime
dog, cat
dog

Application
Route/Administration

oral/monthly

topical/monthly

oral/monthly

oral/monthly

oral/monthly

Product/Company

Heartgardleoehringer
Ingelheim
Iverhart?/Virbac
Ivermectin?/Cronus Pharma

Advantage DUO?/Elanco

Heartgard Plus?/Boehringer
Ingelheim
Iverhart Plus?/Virbac
Tri-Heart Plus?/Heska

Panacur Plus?/Intervet

Iverhart Max?/Virbac

Heartgard Plus®/Boehringer
Ingelheim

Cardotek Plus®/Boehringer
Ingelheim

Cardotek®/Boehringer
Ingelheim

Interceptor/Elanco
MilbeGuard?/Ceva Sante
Animale

Interceptor Plus'/Elanco
Milbemax®/Elanco
Milbactor®/Ceva Sante
Animal
Milprazon®/Krka
Milquantel®/Krka
Milpro®/Virbac

Sentinel?/Intervet
Program plus®Elanco

Sentinel Spectrum?/Intervet

Interceptor Plus?/Elanco

TrifexisY/Elanco

Combination

Molecule(s)

Imidacloprid

Pyrantel

Praziquantel,
Fenbendazole

Praziquantel,
Pyrantel

Pyrantel

Praziquantel

Lufenuron

Lufenuron,
Praziquantel

Praziquantel

Spinosad
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Active Target
Molecule * Species

dog, cat
Moxidectin
dog
cat
dog, cat
Selamectin
cat

Application

Route/Administration

topical/monthly

oral/monthly

inj./6 month

inj./12 month
topical/monthly

topical/monthly

topical/monthly

topical/monthly

Product/Company
NexGard
Spectra®/Boehringer
Ingelheim

Credelio Plus®/Elanco

Prinovox®/Virbac

Advantage Multi?/Elanco

Imoxi?/Vetoquinol

Advocate®/Elanco
Simparica Trio/Zoetis

ProHeart>*/Zoetis
Proheart 62/Zoetis
Guardian®**/Elanco

Afilaria®/Fatro, Support
Pharma

Proheart 12%/Zoetis
Coraxis?/Elanco
Bravecto PlusY/Intervet

Revolution?/Zoetis
Revolt?/Aurora
Selarid®/Norbrook Lab.
Senergy?/Chanelle
Stronghold®/Zoetis
Chanhold®/Chanelle
Evicto®/Virbac
Stronghold Plus®/Zoetis

Revolution Plus®/Zoetis
Stronghold Plus®/Zoetis
Felisecto Plus®/Zoetis

Combination
Molecule(s)

Afoxolaner

Lotilaner

Imidacloprid

Sarolaner,
Pyrantel

Fluralaner

Sarolaner

ontoya-
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* |nddrkrali8R) retrieved from the European Medicines Agency (https://www.ema.europa.eu/en, accessed the 5th of
August 2021), the U.S. Food and Drug Administration (https://animaldrugsatfda.fda.gov/adafda/views/#/search
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confirmed, administration of high dose formulations of MOX may be of help, as it has been shown that MOX in all

forms of products (per os, topical and injectable) has a better efficacy against resistant strains 24231,

It is important to note that there are measures and strategies that can be implemented in an effort to prevent the
development and spread of ML-resistance. In this context, it is important to adopt a tight testing schedule, i.e., at
least once every year (preferably, every 6 months in areas where LOE cases are reported). The testing procedure
is specific and includes both serology and the Knott's test, which is particularly critical in routine annual
examinations of dogs under preventatives because even one couple of resistant adults will produce microfilariae

while may give a negative antigen test.

The risk of promoting ML-resistance by the application of the so-called “slow Kkill protocols”, i.e. therapeutic
treatment by the use of continuous ML administration, has been suggested 281131, Nevertheless, in case a dog was
not under prevention and is only infected with susceptible heartworms, the slow kill protocol would represent a
promotion for resistance development only as an extreme and unlikely scenario &, In any case, it must be
stressed that ML resistance in D. immitis can be selected on different stages of the parasites, i.e., the L3/L4 larvae
(the target of ML administration as preventives), the microfilariae, and on adult parasites (because of the effects of

MLs on their reproductive ability) when MLs are used in the presence of microfilariae and adult parasites.

Academics, clinical practitioners, and dog owners should be concerned and act together with the goal of monitoring
and preventing the Macrocyclic Lactone Loss of Efficacy phenomenon. This battle starts with proper education and
continues with best practices for infection prevention, adequate testing, accurate and prompt diagnosis, accurate
investigation of the cases, and selection of best treatment protocols. The investigation of suspected resistance
cases will allow distinction of infections that were established by susceptible parasites due to inadequate
prophylaxis, from infections caused by truly resistant parasites. This would provide critical information about the
actual spread of the phenomenon and its possible expansion or de novo emergence, while at the same time it

would help increase practitioners’ and owners’ awareness and compliance 12,
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