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introduction

It is well recognized that small strongyles 
(cyathostominae) are now the main parasitic 
pathogen in equines.  Due to the use of anthelmintic 
strategies for the control of large strongyles, 
which has been extremely successful in reducing 
morbidity and mortality from this parasitic disease, 
these strategies have inadvertently lead to the 
selection of drug resistant cyathostomes.  There 
is a world wide increase in the reported levels of 
anthelmintic resistance, and of most concern is the 
resistance of the cyathostominae to the macrocyclic 
lactones. There is already documented evidence of 
cyathostomin resistance to the benzimidazoles and 
pyrantel salts.  The growing evidence for resistance 
to both ivermectin and moxidectin must now be 
considered when designing worming programs.  
Strategies to slow down the selection for resistance, 
thereby extending the lifetime of currently effective 
anthelmintics must be implemented when ever 
possible.  A proactive approach must be taken 
involving the input of veterinarians into worming 
management and client education, if we are to 
expect chemical control of nematodes to be a viable 
option for the future.  We, as a veterinary profession, 
must change our approach, take back control over 
parasite control programs and guide and educate 
our clients to change their approach, faster than the 
cyathostominae are changing their genotype.

Cyathostominae life cycle and 
pathogenecity

There are over 50 species of cyathostominae, but with 
around 10-12 species making up the bulk of equine 
infestations¹ (Reinemeyer et al 1984).  Many horses 
can harbour burdens of 1000’s of cyathostomes 
without detectable illness but the cyathostomes 
have the potential to cause severe disease.

The cyathostome lifecycle

The cyathostomes have a direct, non-migratory life 
cycle.  Only the L3 phase of the cyathostominae are 
infective.  These are ingested from pasture, with 
faecal egg shedding by the female adults, shown 

CyAThOSTOMiN RESiSTANCE TO 
MOxidECTiN-ThE RiSkS ANd REALiTy

to be highest at dawn and dusk.  Stabled horses 
are at a lower risk as the ammonia and moisture 
levels are detrimental to L3 survival. The ingested 
L3’s  penetrate the wall of the caecum and colon, 
where they either develop into L4’s and on to female 
adult egg producing  L5’s , or they undergo a state 
of arrested development, known as HYPOBIOSIS 
, encysting within the walls of the large intestine, 
to re emerge when environmental conditions are 
more conducive to larval survival.   The infective 
L3 larvae cannot ingest nutrients therefore their 
survival time is temperature dependent.  In hot 
conditions, catabolism is rapid so the larvae are short 
lived.  In colder conditions there is little catabolism 
so the larvae last on pasture for much longer periods 
of time.

Less severe signs of disease, but no less severe on 
production and performance efficiency, are weight 
loss, poor coat quality, poor performance and 
decreased food utilization.  More severe cases will 
show anaemia, pyrexia, severe weight loss and varying 
degrees of a protein loosing enteropathy, leading to 
hypoproteinaemia and ventral oedema.  En mass 
emergence of the encysted cyathostomes can cause 
the clinical syndrome LARVAL CYATHOSTOMIASIS, 
with a reported mortality of up to 50%²´³ (Love 
et al 1999, Lyons et al 2000).  This tends to be 
seen, in the author’s experience, more commonly 
in younger horses and in areas of more extreme 
climate changes between seasons.  The identification 
of epidemiological risk factors for the occurrence 
of cyathostominosis is not well documented in the 
literature. Work carried out in the United Kingdom 
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found that age (<5 years), season (winter) and the time 
since last deworming (<2 weeks) were all identified 
as risk factors for the occurrence of this disease.

Factors stimulating the formation of and re 
emergence of the hypobiotic larvae are complex and 
not fully understood.  Factors influencing hypobiosis 
may include cold conditioning of the L3 larvae just 
prior to ingestion, the population density of adult 
parasites within the intestinal wall and lumen and 
host immunity factors² (Love et al 1999). Anthelmintic 
treatment that targets the luminal stages may 
stimulate re emergence as this will cause a decrease 
in the luminal nematode population.  

The inhibited larvae can remain encysted for months 
to years⁴ (Murphy and Love 1997).  A consequence 
of this is that horses can have infestations of 
millions of NON EGG PRODUCING juvenile stages of 
cyathostominae and therefore have a negative or low 
faecal egg count (FEC)⁵ (Dowdall et al 2002). 

Host Immunity and recognition 
of ‘Shedders’

Horse have a huge variation in their susceptibility to 
cyathostomes and no life long immunity develops⁶ 
(Chapman et al 2002), therefore there is constant and 
life long exposure within grazing horses/ horses with 
access to pasture.  Most horses will regulate their 
infection levels and consistently have low levels of 
infection.  Fewer animals will have higher nematode 
infestations (> 500egg per gram (epg)). Some horses 
are known to have behavioural differences which 
increase their ingestion of eggs also. The majority 
of the parasites will be within the minority of the 
population.  It is these individuals that require 
identifying and addressing as these are the animals 
contributing to the bulk of pasture contamination.  
The aim of targeted worming control is to prevent 
contamination of the environment with the eggs of 
the target parasite, therefore decreasing the number 
of female adult worms before they can reproduce.

The only way to identify the shedders, and gain a 
grip on the overall levels of infestation and presence 
or absence of anthelmintic resistance is by the use of 
FEC’S and FECRT’s (Faecal egg count reduction tests).  

Please see later.

Anthelmintic Resistance

Owner concern, easily available safe, effective and 
inexpensive anthelmintics has lead to the dramatic 
over use of these drugs and the development of 
resistance.  To the authors knowledge there are 
no new anti parasitic chemicals coming to market.  
What is available now is all we have got.  The interval 
dosing system was introduced, in a very successful 
attempt to treat Strongylus vulgaris. By the early 
1980’s S. vulgaris was becoming uncommon and 
cyathostomes were starting to account for 100% of 
strongyle eggs seen in FEC’s.   In 1983, the release 
of the first macrocyclic lactone, ivermectin, further 
reduced the prevalence of S.  vulgaris.

Unfortunately, worming programs have become more 
and more haphazard, with poor client education and 
still easily available anthelmintics, often being sold 
from outlets with little or no accurate knowledge of 
how best to target de worm the equine population, 
whilst preserving the longevity of the drugs and 
slowing down resistance development.  The increasing 
practice of the use of ‘off label’ anthelmintics is 
also contributing to resistance development.  The 
nematodes are being exposed to subtherapeutic 
doses of the anthelmintics, thus providing ideal 
conditions for resistance development (authors own 
experience).

How does resistance develop?

Resistance is described as ‘a measurable decrease in 
the efficacy of a compound against a population of 
worms that were previously susceptible’.

Anthelmintic resistance in nematodes is an inherited 
characteristic that is passed on from one generation 
to the next via the genome.  The cyathostomes have 
extremely high levels of genetic diversity⁷ (Gillard 
and Beech 2007).  Resistance can develop upon first 
exposure to a drug or relatively quickly thereafter 
due to this genetic diversity combined with a huge 
population size and the fact that the steps required 
for a genotype to change from susceptible to 
resistant are relatively simple.  Single nucleotide 
polymorphism results in the drug becoming 
ineffective after alteration in nucleotide sequence at 
a single site only.  Resistance to macrocyclic lactones 
is thought to be slightly more complex, involving 
several DNA mutations to occur before the nematode 
acquires the full resistant genotype.  The resistant 
genotype will then take up a larger and larger 
portion of the population as susceptible worms are 
destroyed by the drug, until there is a population 
consisting completely of resistant worms. The rapid 
and wide spread movement of horses allows quick 
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and efficient dissipation of these resistant worms 
to new farms and herds.  Of great concern is that 
reversion to drug susceptibility does not seem to 
occur in parasitic nematodes even when not exposed 
to that drug class for years⁸ (Jackson and Coup 2000).  

Moxidectin Resistance

It is proposed that although the widespread use of 
ivermectin in the past has dramatically decreased 
the incidence of S vulgaris infections, cyathostomin 
incidence has not decreased due to the lack of efficacy 
of ivermectin against encysted larvae.  It is this 
stage of the nematode that is the most pathogenic, 
potentially causing fatal colitis, therefore controlling 
these stages is vital to reducing cyathostomin 
induced disease. The lack of efficacy against the 
encysted stages may also contribute to the slow 
development of resistance to ivermectin, as these 
‘untouched’ encysted EL3’s increase the amount of 
untreated worms, the ‘ in refugia’ population, which 
is vital in diluting down resistant genotypes, thus 
slowing down the onset of resistance.  The ‘in refugia’ 
population of worms are the worms that are not 
exposed to the anthelmintic.  So within a herd these 
include the worms within any horses that are not 
treated, plus, if the anthelmintic is ineffective against 
encysted stages, the encysted/ hypobiotic stages of 
the cyathostomes.  

One of the early signs of resistance is a reduction 
in the Egg reappearance period (ERP).  This is the 
period, post anthelmintic dosing, during which time 
egg shedding remains negligible.  Each drug has a 
variable ERP.  Benzimidazoles have previously been 
quoted at 6- 8 weeks, pyrantel at 6 weeks, ivermectin 
8-10 weeks and moxidectin > 13 weeks⁹ (Mercier et 
al 2001).

A reduced ERP for ivermectin has been reported in 
Europe, Brazil and the U.S.A.¹⁰´¹¹ (Lyons et al 2008; 
Molento et al 2008).  Of much greater concern is 
the now reported evidence of reduced efficacy of 
moxidectin¹²´¹³ (Lyons et al 2010; Lyons et al 2011).   
The significance of these studies findings though 
can come into question due to the small sample 
numbers and therefore ‘lack of compelling evidence’.  
In the authors own personal experience there have 
recently been cases of reduced ERP and complete 
failure of a reduction in FEC’s.  Moxidectin resistant 
cyathostomins have also been reported in the UK¹⁴ 
(Trawford et al 2005) although in this study the off 
licence use of the injectable cattle moxidectin was 
given orally.  It is the authors opinion that once all the 
documented cases are considered, there is enough 
evidence to suggest that resistance to moxidectin 
is emerging and is significant.  There are as of yet, 
no direct links between moxidectin resistance and 
increased incidence of larval cyathostomiasis, but 

surely this is an expected consequence.  Moxidectin 
and possible multi drug resistant cyathostomes will 
accumulate within the environment and horse, surely 
resulting in larval cyathostomiasis in the susceptible 
population.

How do we address this 
emerging situation

If anthelmintic use continues in its random and often 
blind blanketed fashion, then widespread moxidectin 
resistance is inevitable.  This is a daunting prospect as 
no new pharmaceutical anti parasiticides are currently 
under development.  There is a recent report of the 
discovery of a potential new anthelmintic, derivatives 
of amino-acetonitrile¹⁵ (Kaminsky et al 2008). There 
is also research into alternative control measures 
including biological control agents, ‘Biopesticides’.

But, these cannot be relied upon and action needs to 
be taken now by veterinary professionals to change 
current worming regimes and become proactive in 
devising strategies that provide nematode control 
whilst preserving the chemicals we have at our 
disposal to deal with the parasites, by reducing 
selection pressure for anthelmintic resistance.  NO 
SINGLE PROTOCOL CAN BE APPLIED UNIFORMLY.  This 
is due to varying environmental influences, pasture 
management principles and herd dynamics.  But if we 
can enhance our understanding of the principle aims 
of control, the target parasites and the diagnostic 
tests available (along with their limitations), plus 
arm ourselves with the knowledge of the parasite 
populations sensitivity and resistance, then a best 
practice control program can be established for each 
individual setting.

Interval dosing is the traditional method of worming 
and this was highly effective in reducing the incidence 
of S vulgaris.  This is the administration of a specific 
drug at regular time intervals throughout the high 
risk periods.  This method now has several negative 
aspects including the fact that owners are worming 
horses that don’t necessarily require treating, thus 
decreasing the ‘in refugia’ population and hence 
speeding up the development of resistance.  There 
are also obvious unnecessary costs incurred.  Many 
owners are also dosing as the wrong intervals due 
to a lack of information on ERP’s thus often exposing 
worms to constant subtherapeutic levels of drug.  
This is thought to be one of the main reasons 
for widespread Parascaris equorum resistance to 
ivermectin¹⁶ (Reinemeyer 2009).  

Strategic dosing employs the use of an anthelmintic 
at specific times to disrupt the seasonal cycle 
of transmission.  This can become ineffective in 
periods of abnormal weather patterns and with the 
introduction of horses with high levels of infestation.
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In the author’s opinion, targeted dosing is the most 
logical approach to providing good anthelmintic 
cover in adult horses and protecting the chemicals 
at our disposal and thus slowing resistance. This 
will also get the veterinary surgeons re- involved 
in de worming strategies. For each individual yard/ 
herd/pasture, individual levels of infestation and 
the presence of resistance to each anthelmintic, 
needs to be established. Although faecal monitoring 
will increase the costs of administering control 
programs, the alternative, i.e., expanding resistance, 
is unacceptable.  

The gold standard practical technique is the FEC 
(Faecal egg count) and FECRT (Faecal egg count 
reduction test)¹⁷ (Kaplan 2002).  The main limitation 
of these tests is the assumption that all strongyle 
eggs seen are small strongyles and that the FEC gives 
you no indication as to the mucosal larval parasite 
levels.  But they will give you an indication of 
that animal’s potential to contaminate the pasture.  
The mucosal levels must not be allowed to build 
up to high levels in young horses due to the risk 
of larval cyathostomiasis, therefore the use of a 
larvicidal treatment needs to be incorporated into 
the regime of deworming young horses.  Foals and 
weanlings should be considered separately to the 
adult population. Using standard faecal flotation 
methods, the recognition of cestode eggs can also 
be inaccurate but it is always worth looking for them.  
In the UK an antibody ELISA to a specific tapeworm 
antigen is available and quantifies infection as low, 
medium or high.  This simple blood test can be used 
to monitor when tape worm control is required.  
Unfortunately this test is not available in South 
Africa.  It is of the author’s advice to treat for 
tapeworms at least annually (praziquantel 2.5mg/kg 
or pyrantel 38mg/kg- double the nematode dose).

If a de wormer has just been administered, then 
start monitoring by taking FEC’s after the ERP of the 
administered anthelmintic has elapsed.  Individuals 
with FEC above the designated threshold should then 
be treated.  Repeat FEC’s should be performed at 
10-14 days post treatment to establish the presence 
of resistance.  FEC’s can then be performed at 2-3 
monthly intervals dependent upon the ERP of the 
product used.  As the egg excretion dynamics of the 

population become apparent, FEC frequency can be 
reduced as the ‘high shedders’ become identified and 
under control.  A larvicidal dose of anthelmintic must 
be administered when appropriate independent 
of FEC data especially in youngsters (moxidectin 
0.4mg/kg or 5 days fenbendazole 10mg/kg).

It has been suggested that the criteria used to 
define anthelmintic resistance are that FEC’s should 
be reduced by 95% after the administration of 
a macrocyclic lactone or benzimidazole, and 90% 
after administration of pyrantel, at 10-14 days post 
treatment¹⁸ (Dargatz et al 2000).  As mentioned 
previously, an early indicator of resistance is a 
decreased ERP.  Horses with high FEC results can 
then be targeted and wormed appropriately, with 
follow up FEC’s giving information on the presence 
of resistance.  The ‘cut-off’ value for when to treat is a 
contentious issue and in the authors experience the 
value used needs to be tailored to each individual 
setting/yard/ herd.  The most frequently cited FEC 
cut off value for determining treatment is 200-
500epg¹⁹ (Matthews 2008). Suggestions for when to 
repeat the treatment have been reviewed²⁰ (Martin-
Downum et al 2001) and include when faecal egg 
counts rise to 10 per cent of the counts recorded 
before treatment²¹ (Borgsteede et al 1993); when 
50 per cent of horses have a mean epg above 200²² 
(Taylor and Kenny 1995); and when the mean epg 
of all the horses is more than 100²³ (Boersema et al 
1998).  Shedders should be treated to their FEC’s.  
New arrivals to the population should have FEC’s 
performed and treated accordingly, prior to release 
onto common pasture.

Clearly, as well as anthelmintic control, good pasture 
hygiene should be maintained with frequent removal 
of faeces from the pasture and low stocking densities.

Scheduling of Anthelmintics- 
yes or no?

One way to gain further control over anthelmintic 
use and abuse is to re schedule the anthelmintics, 
or consider scheduling moxidectin based products.  
Denmark introduced prescription only restrictions 
of anthelmintic drugs in 1999 and other European 
countries have implemented similar legislations over 
recent years (Germany and Austria).  In Denmark, 
the frequency of treatment decreased over time.  It 
has to be noted however, that with the reduction 
in anthelmintic treatment frequency and the use 
of targeted dosing, the potential for an increase 
in prevalence of other types of parasite (of most 
concern Strongylus spp, also Oxyuris equi and 
Gasterophilus spp) could occur.  Denmark compared 
their incidence of Strongylus spp over a 10 year 
period to that of neighbouring Sweden who had 
not instituted selective targeted dosing regimes 

Strongyle egg on left, parascaris on right tapeworm egg
(Courtesy of The University of Liverpool)
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to such a level and found that the prevalence of 
Strongylus was similar between the two countries²⁴ 
(Nielson 2009). Along with further development of 
FEC analysis techniques and larval burden detection 
techniques, further research is required into the 
medium and long term effects of selective targeted 
dosing regimes.  More baseline prevalence and 
resistance development data is required to assess 
the impact of this treatment regime.  This can only 
be gained and provided by diligent veterinarians 
with compliant clients.  Perhaps in today’s world, the 
clients hand needs ‘forcing’ via the re scheduling of 
anthelmintics to obtain this owner compliance.  The 
licensed moxidectin product in South Africa, ‘Equest 
plus tape’, is currently an over the counter product.  
Rescheduling to a schedule 4 would make this a 
prescription only drug, giving back the control of its 
use to the veterinarian.   

Due to well documented evidence of resistance 
to ivermectins, benzimidazoles of cyathostomins 
and Parascaris equorum, perhaps there is a call for 
scheduling of all anthelmintics.  

Summary

There is not yet a large body of literature/evidence 
linking anthelmintic resistance with increased 
morbidity and mortality²⁵ (Peregrine et al 2014), but 
if common sense prevails then surely anthelmintic 
resistance can only lead to higher individual worm 
burdens and higher pasture contamination which 
will only lead to parasitic disease related problems, 
be it the tip of the iceberg as reduced growth 
rates, or more severe cases such as fatal larval 
cyathostomiasis.

Moxidectin resistance is not coming.  It is not around 
the corner.  It is not something that might happen.  
It is here, present in South Africa and this needs 
addressing now.  Client and veterinary re education 
are central and crucial to slowing down the growth 
of this resistance, preserving the longevity of the 
anthelmintics available to us.  The increasing levels of 
anthelmintic resistance are only going to challenge 
horse owners and veterinarians more and more.  
Veterinarians need to, have to, become proactive 
and unite to decelerate a freight train that at the 
moment has no brakes.
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