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Hook Before You Treat!
Drug-Resistant Hookworms in
North America

Christian M. Leutenegger, BSc, DrMedVet, PhD, FVVH, and Michelle Evason, BSc, DVVM, DACVIM (SAIM), MRCVS
Antech Diagnostics, Fountain Valley, California

Hookworms are among the most commonly
encountered parasites in routine veterinary practice.

In the United States, the prevalence of hookworm
(Ancylostoma caninum) infection in dogs has been
reported as ranging from 2.5% to 10%, depending on
study, region, and whether dogs are well cared for (i.e.,
owned pet)."” One U.S. study has reported an increase
in hookworm prevalence,® and this development has

been speculated for Canada as well.**

While clinical signs of hookworm infection in adult dogs
and cats are typically mild or subclinical, there can be
severe outcomes for infected puppies and kittens. Disease
(and degree of clinical signs) is related to hookworm
numbers and feeding appetites, which can cause fatal
anemia in animals with heavy parasite burdens.

Hookworms also pose a zoonotic risk. As such, while
the emergence of resistance to anthelmintics presents a
new veterinary management challenge, this
development has implications for public/human health,
where some of the same medications are used for
hookworm treatment.

CHALLENGES IN PREVENTING
HOOKWORM INFECTION

Historically, veterinary management of hookworm
infection has been challenging for 3 key reasons. The
first is that infective hookworm larvae (L3) are often
present and can be plentiful in the environment.” As a
result, dogs can be readily infected (or reinfected) by L3
larvae through multiple routes, including skin
penetration and ingestion of infected prey (FIGURE 1).

Abstract

Drug-resistant hookworms (Ancylostoma caninum) are increasingly common in North America. Originally confined
to greyhounds in Florida, they are now widespread in dogs across the United States and have been described in
Canada. Veterinary attention to antimicrobial (anthelmintic) use and stewardship is needed to prevent further
development of resistance to remaining drugs and potentially in other parasites. Drug-resistant hookworms are a
One Health concern that necessitate stringent communication on prevention and fecal clean-up to pet owners.
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Take-Home Points

Hookworm (Ancylostoma
caninum) anthelmintic drug
resistance is spreading rapidly.

It is widely distributed across

the United States and has been
reported in Canada. To date,
more than 70 dog breeds have
been reported to be infected with
drug-resistant hookwormes.

Hookworms are common in day-
to-day small animal practice, and
while infection in adult dogs and

cats is usually subclinical, disease
can be severe in young animals.

In dogs, hookworm infections
can be difficult to treat due to
contaminated environments,
transmammary larval
transmission, “larval leak,” and
rising multianthelmintic drug
resistance.

Hookworms are zoonotic, and
multianthelmintic drug resistance

therefore has implications for
human treatment.

Client communication on the
importance of picking up fecal
material after dogs and cleaning
feline litter boxes is essential in
reducing further parasite spread.

Judicious antimicrobial use
(anthelmintic stewardship) is
necessary to prevent further drug
resistance development.

Second, puppies can be infected while nursing through
transmammary larval transmission.! The third
challenge is “larval leak,” a term that has been used to
describe the ability of hookworm larvae to exist in an
arrested stage within a canine host (usually within the
muscle tissues). These arrested-state larvae can become
reactivated after anthelmintic treatment has ceased and
during pregnancy.

Unfortunately, a fourth hookworm management
challenge now exists: emerging (and rapidly evolving)
hookworm drug resistance. This relatively novel type of
antimicrobial resistance is believed to have originated
in Florida racing greyhound kennels under typical
conditions leading to antimicrobial resistance: that is,
widespread drug use and selection pressure.'

Regrettably, hookworm anthelmintic resistance is no
longer limited to a single antimicrobial. It has been
documented for several common deworming drugs,
including fenbendazole and febantel (benzimidazoles),
macrocyclic lactones, avermectin/milbemycin, and
pyrantel (tetrahydropyrimidines).'*** Similarly,
greyhounds are no longer the only breed reported, with
studies finding treatment-resistant hookworms in other
breeds, and 1 recent study describing detection in more
than 70 different breeds.*>"

Further, in the spring of 2023, a case series of dogs
with hookworms resistant to benzimidazoles was
reported in Canada.® The appearance of drug-resistant
hookworms in Canada is believed to have occurred

initially through canine importation (i.e., movement of
infected dogs from the United States to Canada);
however, resistance is now endemic within the country
and may be a concern outside North America as well
(e.g., in Brazil).®*2!

North American endoparasite guidelines, such as those
from the Companion Animal Parasite Council
(CAPC)! and Canadian Parasitology Expert Panel
(CPEP),* advise routine fecal testing and deworming
in dogs and puppies. These preventive care practices
assist with the detection of hookworms and other
gastrointestinal (GI) parasites and subsequent
veterinary management of infection.

Hookworm infection is diagnosed through either
routine veterinary fecal screening of well (subclinical)
pets or testing of dogs with GI signs (e.g., diarrhea) as
part of an infectious disease assessment. The currently
available fecal test methods for detection are fecal
centrifugal flotation (ova and parasite [O&P]),
coproantigen testing in combination with O&P testing,
and quantitative polymerase chain reaction (qPCR)
testing. One recent publication compared a
commercially available fecal qPCR test to traditional
O&P test using zinc sulfate and described an overall
(and statistically significant) detection superiority of
qPCR.% This same study observed a 1.4 times greater
detection rate for A caninum with qPCR compared to
O&D, and the qPCR parasite panel provided
concurrent detection of the hookworm benzimidazole
treatment resistance marker.”
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In dogs with A caninum, if infection persists despite the United States and Canada, the prevalence of the
appropriate therapy (and larval leak and environmental hookworm benzimidazole treatment resistance marker
infection are unlikely), presence of drug resistance (F167Y) has been reported as 11.2% in the United
should be considered. If resistance is suspected, States and between 4% to 5.9% in Canada.*>® In the
additional fecal testing is now indicated with 1 of the United States, the benzimidazole treatment resistance
following tests: a pre- and post-treatment fecal egg marker F167Y is widely distributed and has been
count reduction test (FECRT), molecular marker described with the highest frequency in the West
testing for resistance (fecal qPCR), or in vitro drug (>13%), with several focal clusters (“hot spots”)
bioassays.'"'2 observed.*> The detection rate was highest in

nongreyhound dogs, peaked in June (but was reported

in all 10 study months), and did not appear to be

influenced by season, as for A caninum. The same study

reported a higher frequency of hookworm infections
Testing (fecal surveillance) can inform prevalence data. (and the occurrence of the resistant marker) in young
Based on recent research involving large sample sets in dogs and puppies compared with adult dogs.*>
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FIGURE 1. Sources of hookworm infection in dogs and the potential for zoonotic infection.
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In addition to the F167Y genetic marker, a second
genetic marker, Q134H, has been recently described to

confer benzimidazole resistance in A caninum.'®"

Treatment of Drug-Resistant
Infections

Triple-drug combination treatment has been
recommended for dogs with hookworm infections
resistant to treatment and, together with environmental
hygiene (i.c., telling owners to pick up that poop please!)
to avoid reinfection, is still considered appropriate for
many dogs.'"'? However, due to evolving drug
resistance and failure of these protocols in some dogs,
the drug emodepside is now being used in certain U.S.
cases for its potential efficacy against multianthelmintic
drug resistance (MADR) cases.'® This drug should only
be used after consideration of individual patient (and
owner) factors and available algorithms for decision-
making'? and in consultation with an infectious disease
specialist or parasitologist.'"'* Emodepside is not
currently labeled for use in dogs in North America,
may pose a risk of adverse effects, and should not be
used in heartworm-positive dogs, with the
recommendation that dogs are tested (heartworm
antigen and Knott’s) prior to emodepside
administration.! Additionally, there are anecdotal
concerns regarding emodepside resistance in some
hookworm-infected dogs, which will likely further
decrease available treatment strategies for these pets.

Hookworms are zoonotic, and as many of the same
drugs (e.g., benzimidazoles) are used to treat human
infections, rising A caninum resistance has implications
for people as well. Diagnostic and antimicrobial
stewardship, as well as rapid veterinary detection of
resistance through routine fecal screening, will be
critical for One Health, surveillance, and raising
awareness with the hope of slowing this rapidly
evolving drug resistance concern.

While hookworm MADR may currently be the “poster
child” for parasite drug resistance, anecdotal reports
indicate that parasite anthelmintic drug resistance may
encompass more than hookworms. Further research
and veterinary fecal surveillance efforts are indicated to
provide information that assists veterinary teams in
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their day-to-day practice, in improving pet health, and

in counseling clients.
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