Sustainable Control of Parasites in Sheep

SUSTAINABLE WORM
CONTROL STRATEGIES

FOR SHEEP
3rd Edition

Dr K. A. Abbott, Prof. M. Taylor, L. A. Stubbings.

A Technical Manual for

Veterinary Surgeons and Advisers
April 2009




FOREWORD

Worm control is a vital part of health and production management in sheep flocks in the UK,
and good control is highly dependent on effective anthelmintics. Unfortunately, a direct and
unavoidable consequence of using anthelmintics to control worm populations is selection for
individuals that are resistant to the chemical group used. In some parts of the world, for
example South Africa, South America and the Antipodes, the degree of resistance has
reached the point where sheep farming is unsustainable in some areas. If left unchecked,
anthelmintic resistance could prove to be one of the biggest challenges to sheep production
and welfare in the UK.

SCOPS was formed in 2003 as the result of the industry and Defra recognising that we could
not ignore this impending problem. The group is made up of representatives from across the
sheep industry* working together to promote practical guidelines to sheep farmers and their
advisers. These guidelines were originally produced as a result of a workshop held in March
2003, involving leading authorities in endoparasite control. This new Third Edition includes
updates based on a workshop held in January 2009 for which the leading UK experts and
practitioners were invited to review developments and experiences over the last 6 years.

Our challenge is to get sheep farmers to recognise the threat of anthelmintic resistance and
act before they find that anthelmintics are not controlling clinical disease on their farms.
SCOPS recognises that this is not an easy task, because in most cases sheep farmers are
still achieving good levels of worm control with their current strategies. Fundamental to
success is that while we talk about widespread resistance being detectable on farms in the
UK, this is not confused with unacceptable levels of control. This means our message is one
of good news for the UK, because it is not too late to make a difference. If the SCOPS
guidelines are followed, it is still possible to sustain the effectiveness of the ML group and any
new groups, on the majority of sheep farms for years to come.

This manual has been updated for the second time as part of our commitment to review new
research, gather feedback and field experiences and incorporate that knowledge into our
recommendations. We are also very aware that with the launch of a new anthelmintic group
in NZ in late March 2009, we may also have new chemical groups available in the UK in the
near future. It is a priority of SCOPS to safeguard the activity of any new group from the
outset.

With your help, sheep farmers can slow the progress of resistance on their farms by changing
certain practices that are highly selective for resistance, but we must act before it is too late.

Peter Baber
Chair of SCOPS

March 2009
*Members of SCOPS:

NSA; NOAH; AHDA;AMTRA; RUMA; Defra; Welsh Assembly; SEERAD; SAC; VLA; CSL; NFU;SNFU;
VMD; Independent consultant;
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1 Introduction — The Need for Change

1.1 Introduction

The routine use of highly effective anthelmintics together with grazing management has
controlled worms very successfully in the majority of our sheep flocks for nearly 40 years. In
recent years it has become evident that the prevalence of anthelmintic resistance (AR) in the
UK has risen sharply. An increasing number of flocks are finding that one or more of the
chemical groups are no longer effective against some worm species and resistance can be
detected on many more. Since the production of the first edition of this manual in 2004,
several studies in Scotland, England and Wales have found evidence of “triple” resistant
worm species on several farms. This is extremely worrying and underlines the urgent need for
sheep farmers and their advisers to adopt strategies that will slow down the speed with which
AR is developing.

The strategies currently employed in most flocks are still based on a ‘blue-print’ approach.
These have the advantage of being easy to plan and record, are relatively cheap and,
historically, have been effective. However, some elements of these strategies are highly
selective for AR. If we are to slow the progress of AR over the next 5-10 years, we have to
revise worming strategies to reduce the selection pressure for AR and change farmer
practices and attitudes. Resistance to anthelmintics is not the only reason for change. Much
of the research on which existing strategies are based is more than 30 years old. In that time
there have been significant changes in the size and structure of the sheep industry, the
epidemiology of the parasites and the products available.

As a veterinarian or adviser, you will know that persuading clients to change worming
practices will not be an easy task. The first step will be to explain why the changes are
necessary in the light of these new factors. The challenge ahead is to try to balance the need
to control worms, safeguarding both animal performance and welfare, with a reduction in the
selection pressure for resistance in the worm populations.

1.2 The sheep industry

With the introduction of the CAP Sheepmeat Regime in 1980, there was a huge increase in
sheep numbers in the UK. Breeding ewe numbers rose from 14.4M ewes to a peak of 20.6 M
in the mid 1990s, with the largest increases in lowland and upland areas. During the same
period, however, the number of cattle and the area of temporary grassland both declined by
more than 25%. In addition, EU support for arable farming since 1991 has meant that sheep
have been pushed almost exclusively onto areas of permanent grassland, where a mono-
culture of sheep production prevails. The net effect is that the opportunities for the alternation
of sheep, cattle and conservation, and/or the use of new leys, as a means of reducing worm
burdens have been significantly reduced. As a result, sheep farmers have become
increasingly reliant on the routine use of anthelmintics in worm control programmes.

In 2006, we saw the introduction of the Single Farm Payment (SFP) scheme, which effectively
decoupled EU support monies from commodities. At that time, it was hoped that this would
redress the balance and provide opportunities for re-integration of grass leys, forage crops
etc. However, increased grain prices and other factors including another brush with FMD and
Bluetongue have resulted in sheep being pushed back on to permanent grazings once again,
albeit with a reduced national flock size.



1.3 The parasites

There have been noticeable changes in the epidemiology of many of the most common sheep
endoparasites in recent years. We do not know if this is due to climate change, selection
pressures, change in production systems or indeed a function of them all. However it is clear
that our worm control strategies need to take these into account. Examples of the sort of
changes that have occurred are:

“% Haemonchus contortus — previously described as a problem confined to South East
England, Haemonchus is now widespread and is frequently found as far North as
Scotland. This has profound implications for control strategies, particularly in adult sheep.

% Nematodirus battus — historically seen as a spring problem, N battus is now seen at
varying times of the year.

« Trichostrongylus spp — causes the black scour traditionally seen in the autumn in store
lambs. Now it is frequently encountered earlier in the summer months, causing losses in
younger lambs. Conversely in mild winters it has been shown to continue with its life-
cycle, causing severe disease during the winter and early spring months.

1.4 The anthelmintics

Since the development of the worming strategies of the 1970s and 80s, the macrocyclic
lactone (ML) group has been added to the range of anthelmintics available to sheep farmers.
Current research suggests that resistance to the ML group is now occurring in the UK. The
prevalence of resistance to the benzimidazole (BZ) group is now widespread, and reports of
levamisole (LM) resistance continue to be reported based on recent studies within Great
Britain.
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Figure 1.4.1 Incidence of BZ Resistance on Farms in Great Britain based on independent
studies conducted in England, Scotland and Wales

Studies by the Moredun Research Institute in Scotland since 2000 have shown an increase in
BZ resistance from a level of just over 20% incidence in 1991 to 80% prevalence on lowland
farms and 55% on upland and hill farms.

The Wales Worm Watch project conducted in 2005 showed that 83% of all farms tested had
detectable anthelmintic resistance. Resistance to BZ anthelmintics was present on 80% of
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farms tested, with BZ resistance only being more common on Hill/Upland farms (49%)
compared to lowland farms (32%) with regional variations. Both BZ and LM resistance was
present in 47% of lowland and 29% Upland/Hill flocks tested.

Studies currently ongoing in England and Wales, as part of the SCOPS initiative (Fig 1.4.2),
indicate that resistance to the BZ group can be detected on nearly 100% of lowland farms and
83% of Upland/Hill farms. Levamisole resistance was detected on 47% of lowland farms and
17% of Hill/Upland farms, all of which also had BZ resistance.
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Figure 1.4.2 Resistance on Farms in England and Wales. SCOPS Study — 2007 Results.

Currently resistance to ML compounds can only be determined by Faecal Egg Count
Reduction Tests (FECRT — see chapter 8) and only limited numbers of these tests have so far
been conducted within Great Britain. ML resistance has been reported on a handful of farms
in Scotland and in SW England mainly with T. circumcincta and, where present has also been
associated with BZ and LM resistance (“triple resistance”). Although the number of confirmed
cases is relatively small, they are becoming more significant and numbers will no doubt
continue to increase. To add to these concerns, there have been a small number of reports of
early moxidectin (MOX) resistance, a more persistent ML, currently used in cases of suspect
or confirmed ML resistance.

Whilst all of these studies indicate the presence of resistant genotypes on farms, this does not
necessarily indicate an associated failure to control worm populations on farms for reasons
that are discussed in more detail in Chapter 5. It is this very fact that underlines the need for
farmers to act now to slow down the development of resistant worm populations on their
farms before it is too late.

1.4.1 Preserving the macrocyclic lactone (ML) Group

The prevalence of resistance to the ML group is still relatively rare compared to the BZ and
LM groups so our major objective must be to preserve the activity of this group for as long as
possible if we are to maintain an acceptable level of worm control in our flocks. When we get
new groups of chemicals in the future (see section 4.3), the same principles must apply if we
are to protect their activities.




The situation with respect to the MLs is complicated because they have three distinct
advantages for sheep farmers compared with the BZ or LM groups.

% They are available in injectable preparations as well as oral drenches.

% They are active against some ecto as well as endoparasites and offer an alternative to
dipping for sheep scab control.

% One member of the group, moxidectin, has persistent activity against some nematode
species.

These features have encouraged sheep farmers to use the MLs widely and have lead to an
increase in their inadvertent use, for example as an endectocide, when the treatment is being
primarily used as an ectoparasiticide. This has implications for the potential development of
AR to the MLs. SCOPS has addressed this issue in more detail and made recommendations
following workshops in February 2005 and again in January 2009.

Action to minimise the selection pressure for AR to the MLs and any new groups that become
available, is the main aim of the SCOPS worming guidelines as promoted since 2004. This
updated manual will help you to devise strategies that utilise anthelmintics when necessary
and in a way that targets parasite species more accurately, helping to preserve the activity of
the MLs for longer on your clients’ farms.

1.4.2 Protecting the activity of new anthelmintic groups

The alleles that allow parasites to become resistant to anthelmintics are believed to pre-exist
in unselected worm populations (See section 5.4), therefore, the development of AR is an
inevitable consequence of their use. At the workshop held in January 2009, experts discussed
the prospect of new anthelmintic compounds with novel modes of action becoming available
in the near future. It was considered vitally important that effective strategies were devised in
anticipation of any new compounds in an attempt to prolong their effectiveness against pre-
existing resistant worm populations.

The main conclusions emanating from the meeting were:

1. Any new product(s) should be central to quarantine strategies with the aim at
of preventing the introduction of resistant parasites on to farms

2. New compounds should only be used where necessary. They should be
integrated into worm control plans that include rotation with existing products
and greater emphasis on management actions aimed at reducing dependence
on anthelmintics.



2 The Parasites

21 Nematode parasites of sheep in the UK

There are about 20 different species of nematodes of sheep commonly found in Britain, the
more important of which are shown in Table 2.1. Pathogenicity varies with species, the
numbers of nematodes present as well as host factors such as age (maturity), nutritional
status and body condition. The lungworms are included in the table but are not discussed
further in this booklet. The liver fluke Fasciola hepatica (a trematode) is discussed in Section
7. The tapeworm, Moniezia expansa is only briefly mentioned in this booklet.

Table 2.1. Nematode parasites of sheep

Site

Species

Features

Pathogenicity

(HIMIL)
Abomasum Teladorsagia (Ostertagia)  ‘Small brown stomach worm’ 0.8 — 1.5 H
circumcincta cm
Haemonchus contortus ‘Barber’s Pole worm’ 1.5 — 3.0 cm H
long and stout. Very obvious to the
naked eye.
Trichostrongylus axei ‘Stomach hair worm’ 0.3 — 0.6 cm M
Small Trichostrongylus ‘Black scour worm’ 0.4 — 0.9 cm M
intestine colubriformis M
Trichostrongylus vitrinus
Nematodirus battus ‘Thin-necked intestinal worm’1.0 — 2.3 H
Nematodirus filicollis cm L
Nematodirus spathiger M
Cooperia curticei ‘Small intestinal worm’0.5 — 0.8 cm L
Bunostomum ‘Hookworm’1.2 — 2.6 cm M
trigononcephalum
Strongyloides papillosus ‘Threadworm’ 0.4 — 0.6 cm L
Capillaria longipes ‘Hairworm’ 0.1-0.2 cm L
Large Oesophagostomum ‘Large bowel worm’ 1.0 — 2.4 cm L
intestine venulosum
Trichuris ovis ‘Whipworm’ 4 — 8 cm L
Chabertia ovina ‘Large-mouthed bowel worm’ 1.4 — 2.0 L
cm
Lungs Dictyocaulus filaria ‘Large lungworm’. Live in bronchi, 3 — M
10 cm
Protostrongylus rufescens Live in the small bronchioles. L
1.6-4.0cm
Cystocaulus ocreatus Live in the small bronchioles. L
4.0-9.0cm
Neostrongylus linearis Live in the small bronchioles. L
0.5-1.5cm
Muellerius capillaris ‘Small lungworm’. Form nodules in L

lung parenchyma. 1.2 - 2.2 cm




2.2 Life cycles of the gastrointestinal nematodes

2.2.1 The typical life cycle

The life cycles of the gastrointestinal nematodes (Fig. 2.1.) are all very similar, with one or two
minor exceptions, and the following description applies particularly to Teladorsagia,
Trichostrongylus and Haemonchus.

There is no multiplication within the sheep and the life-cycle is direct i.e. no intermediate host.
Adult female worms in the sheep lay eggs that pass out in the faeces and hatch; each egg
releasing one first-stage larva (L1). The L1 develop and moult to second stage larvae (L2).
The L1 and L2 are active and feed on bacteria in the faeces. At the second moult to the third
stage larvae (L3), the cuticle of the L2 remains as a sheath, protecting the L3 but also
preventing them from feeding. The L3 is the infective stage. L3 migrate on to the herbage
where they are ingested by sheep. In the walls of the stomach or intestines they develop into
fourth stage larvae (L4), before emerging as adult worms about 14 days later. The prepatent
period (between ingestion of L3 and the appearance of eggs in the faeces) is generally
between 16-21 days. Adult worms that are not expelled from the sheep by immune
mechanisms or killed by anthelmintics survive for only a matter of weeks (typically less than
12) before dying naturally.

Worm Life-cycle

Ty
- £~ iy

I'IDEI. BHE‘E [ Larme malure
16-21 days"* o=l

to complete ""“"‘/ [Ln}lmuennmJ

4 S
A5 ”"

Fig. 2.1. The basic life cycle of the nematode parasites of sheep.

2.3 Important variations on the basic life cycle

2.3.1 Nematodirus battus

For all Nematodirus spp, development to the L3 takes place within the egg. With N battus,
hatching and release of the L3 occurs as a result of climatic stimulus, usually a period of chill
followed by a mean day/night temperature of more than 10°C. The prepatent period can be as
short as 14 days.



2.3.2 Strongyloides papillosus

The L3 has no protective sheath. L3 can infect the host by ingestion or by skin penetration.
Transmission may also occur to lambs via the milk of the ewe. The prepatent period is about
9 days.

2.3.3 Bunostomum trigonocephalum

Infection of the host occurs by ingestion or through the skin. Following skin penetration the
larvae pass to the lungs and then to the small intestine. The prepatent period is about 56
days.

2.3.4 Trichuris ovis

Infection of the host occurs through ingestion of the L1 in the egg. After ingestion the plugs at
the ends of the egg are digested and the L1 released. All four moults occur within the sheep.
The prepatent period is 1 to 3 months.

24 Epidemiology

Two terms are used to describe the conditions of pastures containing the free-living nematode
stages. Pastures are ‘contaminated’ if there are eggs and larvae present, but pastures are
only ‘infective’ if there are L3 present and climatic conditions are suitable for them to move
up onto the herbage, where they can be ingested. Both rainfall and temperature influence the
infectivity of pastures. The rate of development to the infective stage (L3) is dependent on
temperature. Rain tends to increase the infectivity of pastures by assisting in the movement of
L3 out of faecal pellets or pats and by providing the film of moisture necessary for L3 to
migrate onto herbage. Rainfall records have been used to predict the peak of availability of
nematode larvae on pasture, and temperature records are used to predict the risk of
nematodirosis in lambs.

Development of L3 from eggs deposited in early spring may take 10-12 weeks but eggs
deposited later in the season develop faster. Summer-deposited eggs can give rise to L3 in
just 1-2 weeks. Consequently, eggs passed onto pasture in spring and early summer tend to
reach the infective stage at about the same time, resulting in high levels of pasture infectivity
from mid-summer onwards (Fig. 2.2.).

L3 are most active during warm weather and, if they are not ingested, consume their energy
stores and suffer high mortality rates. In autumn and winter, L3 can survive longer and some
will over-winter on pasture. Some worm species are better at winter survival than others —
Haemonchus larvae do not survive well in freezing temperatures but Nematodirus eggs can
survive prolonged cold temperatures.

Over-wintering L3 provide a source of infection to grazing sheep in late winter and early
spring but do not survive long on pasture after ambient temperatures rise. Pasture infectivity
tends to decline rapidly to low levels in late April or early May.

If spring-lambed ewes are placed on the pasture, contamination with worm eggs occurs first
from the ewes themselves (early spring), and then later (late spring and summer) from the
lambs as well. In the case of the ewes, the worms producing these eggs have survived over
winter in the ewes or have developed from the ingestion of over-wintered L3 in early spring. In
the case of the lambs, the worms have arisen from the ingestion of over-wintered L3 then,
later in the season, from eggs deposited by the ewes. The source of the high infectivity of
pastures in late summer and autumn is the deposition of eggs in spring and early summer.
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Fig. 2.2. The epidemiology of nematode parasitism in sheep at pasture

This typical pattern (Fig. 2.2) is seen most clearly in the epidemiology of Teladorsagia and
Trichostrongylus. The rise in pasture larval availability in early summer tends to be dominated
by Teladorsagia, with Trichostrongylus spp contributing increasingly in late summer and
autumn.

Haemonchus has a very high biotic potential with each female worm capable of producing up
to 10,000 eggs per day. Warm and wet conditions favour the rapid development of eggs to L3
and pastures can become highly infective very quickly almost any time between mid-spring
and late autumn. This means that pastures can change from low Haemonchus infectivity in
early spring to very high infectivity in summer and autumn, causing serious, unexpected
outbreaks of Heamonchosis in lambs and ewes. This proclivity for rapid generation turnover
under suitable conditions compensates for the poor over-winter survival of Haemonchus eggs
and larvae on pasture under cold conditions.

Nematodirus battus has a much slower life-cycle (Fig 2.4), with infection passed from a lamb
crop in one year to the lambs born in the following year. The long survival of Nematodirus
eggs permits this relatively long generation interval. As a result of the specific climatic
requirements for egg hatching, large numbers of infective larvae can appear on pasture
almost synchronously. This usually occurs between April and June each year, but can occur
at other times of the year. When mass hatching coincides with the presence of 6-12 week old
lambs, severe outbreaks of nematodirosis can occur (see also Section 3.5).

2.5 Hypobiosis (arrested development)

The abomasal nematodes Teladorsagia spp, H contortus and T axei are capable of
interrupting their development at the L4 stage and persisting for long periods in a state of
dormancy or hypobiosis. They then resume their development and become normal, egg-
laying adults. This interruption of development occurs principally to larvae ingested in the late
autumn and winter. It can be considered as an evolutionary adaptation which delays egg
production (and death) until the following spring when eggs deposited on pasture have a
higher chance of continuing the worm’s life-cycle. In the case of ewes, most of the
Teladorsagia population in the host between November and February exists as hypobiotic
larvae. Between April and September, there are very few, if any, hypobiotic larvae and most
parasites exist as adult or actively developing forms.

Hypobiosis is important in sheep for three reasons:
« When hypobiotic larvae of Teladorsagia resume their development, they can be

responsible for clinical disease in yearling sheep, similar to type Il ostertagiosis or ‘winter
scours’ seen in cattle. (See also Section 4.4)
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< The worms developing from hypobiotic larvae in ewes are an important source of pasture
contamination in the spring and early summer.

< Hypobiosis is the principle way H contortus survives the winter in the UK. This also has
implications for the selection for AR since it means that the proportion of the Haemonchus
worm population ‘in refugia’ in spring is likely to be very low. Any anthelmintic treatment of
ewes is therefore highly selective for AR.

The small intestinal parasites, including Nematodirus spp, Trichostrongylus spp and Cooperia
spp, are also capable of hypobiosis but this does not appear to be an important feature of
their epidemiology.

Nematodirus

Free-living stages
{Mday take B-8 monihs)
slawer and usually

Dewedopment
100 cold batore L3's ame resdy
& ihoy it dormant until
fodlowing spring

Fig 2.4 Life-cycle of Nematodirus
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3 Disease Caused by Gastrointestinal Nematodes

31 Disease presentations

Disease caused by gastrointestinal nematodes may be acute in onset, with outbreaks of
clinical disease in 10% of a flock or more, and with some mortality. The devastating effects of
such outbreaks on a flock are obvious. Gastrointestinal parasites also cause sub-clinical
disease, with reduced growth rate, reduced milk and wool production and reduced body
condition. Although far less dramatic, these insidious losses may involve large numbers of
sheep for prolonged periods resulting in high costs to the industry.

The clinical signs of parasitism, caused by the gastrointestinal nematodes, fall broadly into
two categories.

« First, signs referable to gastritis and enteritis, typical of infection with Teladorsagia spp,
Trichostrongylus spp and Nematodirus spp

% Second, signs referable to blood loss as a result of infection with Haemonchus contortus.

3.2 Teladorsagia (Ostertagia) spp

Confusingly, the sheep nematodes previously referred to as Ostertagia spp have been
reclassified as Teladorsagia spp, but they are still widely known by their previous name and
the disease they cause, ostertagiosis, is still retained.

Ostertagiosis is characterised by inappetence, diarrhoea, dehydration, weight loss and death.
As a result of the reduced feed intake and dehydration, the sheep appear ‘hollow’, with very
little rumen-fill. Smaller burdens of parasites may be responsible for poor weight gains in the
absence of clinical signs. The poor weight gains are a consequence of reduced appetite,
reduced feed intake and losses of plasma protein into the gastro-intestinal tract. Disease
results from damage to the abomasal mucosa caused by larvae as they emerge from the
gastric glands where they develop, and by the presence of adult worms on the mucosal
surface.

Ostertagiosis is typically seen in lambs during their first season at grass and usually occurs
from mid-summer onwards, associated with the ingestion of relatively large numbers of
infective larvae over a short period (type | ostertagiosis). In yearling animals during the winter
months, type Il ostertagiosis may occur as a result of the synchronous resumption of
development of large numbers of hypobiotic larvae that were acquired during the previous
autumn grazing.

3.3  Trichostrongylus spp

Heavy infections of the small intestinal Trichostrongylus spp (principally T colubriformis and T
vitrinus) cause inappetence, diarrhoea, rapid weight loss and death. The common name of
the worm (black scour worm) describes the clinical picture. The disease is usually seen in
store or replacement lambs during the autumn and winter months but can also occur in lambs
from late summer onwards.

At lower levels of infection, poor growth rates, sometimes accompanied by soft faeces, are
the common signs. Chronic infections of T colubriformis are accompanied by reduced food
conversion efficiency (FCE).

In the case of the abomasal parasite T axei, diarrhoea, ill-thrift, weight loss and death can
occur if large numbers are present.
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34 Haemonchus contortus

Infections with H confortus are characterised by a regenerative anaemia due to the blood-
sucking habits of the worms. Both larval and adult forms of the worm feed on blood and each
adult worm is capable of removing about 0.05 ml of blood per day by ingestion and seepage
from the lesions. A sheep with 5000 H contortus may lose 250 ml of blood daily.

In acute infections, resulting from the ingestion of many infective larvae over a short period of
time, animals are weak and are likely to collapse if driven. Pallor of the mucous membranes is
striking, but it should be assessed by inspection of the conjunctivae rather than the oral
mucosa or skin where differentiation from a normal appearance is difficult. Hyperpnoea and
tachycardia are also present. The onset of clinical signs may be so sudden that affected
animals are still in good body condition. Acute Haemonchosis can be a cause of sudden
death.

In sub-acute infections, sub-mandibular oedema (‘bottle-jaw’) may develop as a result of
hypoproteinaemia. Clinically, the condition can resemble fasciolosis (Section 7). Chronic
infections are characterised by a more general failure to thrive, with weight loss, poor body
condition, sub-mandibular oedema, lethargy and weakness. The chronic nature of the blood
loss leads to an exhaustion of iron reserves, and the development of a microcytic anaemia.
The degree of anaemia can be assessed using the FAMACHA test (See section 8) diarrhoea
is not associated with H contortus infection; in fact affected sheep may be slightly constipated.

Haemonchosis can occur in both adults and in young sheep. When lactating ewes are
affected there can be a profound depression of milk production leading to lamb deaths and to
poorly grown lambs that depend on grazing for survival and then become, themselves,
heavily parasitised. Over recent years, the incidence, frequency of reports and geographical
range of Haemonchosis have all increased possibly as a consequence of climate change. It
can now be found in all parts of the UK.

3.5 Nematodirus battus

Nematodirosis, due to Nematodirus battus infection, is an example of a parasitic disease
where the principal pathogenic effect is attributable to the larval stages. Following ingestion of
large numbers of L3 there is disruption of the intestinal mucosa, particularly in the ileum,
although the majority of the developing stages are found on the mucosal surface.
Development to L4 and then L5 is complete by 10-12 days from infection and this coincides
with severe damage to the villi and erosion of the mucosa leading to villous atrophy. The
ability of the intestine to exchange fluids and nutrients is grossly reduced and, with the onset
of diarrhoea, the lamb rapidly becomes dehydrated. In severe infections, diarrhoea is the
most prominent clinical sign. As dehydration proceeds, the affected lambs become
inappetent, diarrhoeic and thirsty, often congregating around drinking troughs. N battus is a
major cause of parasitic gastroenteritis in lambs in the spring and on occasions during the
autumn. This pattern of events appears to be changing, presumably as synchronised
hatchings of L3 occur both earlier, or later in the year than normally anticipated, and
especially where these coincide with the presence of parasite-naive or susceptible
lambs.

3.6 Numbers of worms associated with disease

If gastrointestinal parasitism is suspected as the cause of an outbreak of disease in a flock, a
post-mortem examination and worm count should be performed, preferably on two or three
animals. It is not sufficient to attempt to visualise the number of worms in the abomasum or
small intestine because, with the exception of H contortus, the worms are difficult to see and
counts are impossible.

Field techniques for worm counts have been described and are highly recommended. As well
as providing an instant diagnosis, they can be used by a veterinarian to demonstrate the
parasites to the sheep owner. Immature worms will often be missed, or under-estimated, in
field counts but will be detected in worm counts done in laboratories.
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The numbers of worms present provide definitive evidence to support the diagnosis of
parasitic gastroenteritis. In many cases, there are worms of different species present.
Although the species vary in pathogenicity, it is acceptable to consider their effects to be
additive.
A points system has been developed as a guide to interpreting worm counts: -

Teladorsagia spp 3000 worms = 1 point

Trichostrongylus spp 4000 worms = 1 point

H contortus 500 worms = 1 point
Nematodirus spp 4000 worms = 1 point
Immature worms 4000 worms = 1 point

A total of 2 points in a young sheep is likely to be causing measurable losses of productivity
although clinical signs and deaths are unlikely unless the total exceeds 3 points. In adult
sheep, the thresholds will be correspondingly higher. This system is only intended as a guide.
It is important to remember that, for some species, such as N battus, the immature worms are
much more pathogenic than the adults.

This tray contains a sample (one hundredth) of the
abomasal contents of a sheep and over 50
Teladorsagia spp are present in the tray.

Each worm is about the size of an eyelash. Staining
with iodine before partial clearing of the background
has made the worms more visible to the naked eye.
One worm is arrowed.

Fig. 3.1. Worm counts can easily be done in the field.

3.7 Immunity (acquired resistance) to gastrointestinal nematodes

3.7.1 Development of immunity

Following exposure to worm parasites, lambs gradually develop immunity against them. The
onset of immunity can lead to the expulsion of much of the adult worm burden and the
prevention of establishment of most incoming infective larvae. In lambs, this effect is most
obvious with N battus infection, where adult parasites are typically expelled 3—4 weeks after
the first infection, particularly if the number of infective larvae ingested is high. For most other
parasites, immunity develops more gradually, following repeated or continuous ingestion of
infective larvae over 2—4 months.
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Immunity is not 100% effective and small worm burdens persist in immune sheep. If sheep
are removed from pasture and kept in a worm-free environment, or dosed with anthelmintics
continuously or at high frequency, the immunity wanes. Then, even adult sheep can become
highly susceptible again. Therefore, small burdens that persist in most adult sheep are
important in continuing to stimulate the immune system and in maintaining an effective
immunity. As well as regulating worm numbers, immune sheep also exert some suppression
on the growth and reproductive capacity of the worms in their gastrointestinal tract — worms in
immune sheep tend to be smaller and to produce fewer eggs than worms in naive sheep.

Lambs start to demonstrate immunity against parasites from 4—-5 months of age, the immunity
increasing in strength with age and continued exposure to larval challenge. After a full year of
grazing, most sheep have a high degree of immunity. High levels of challenge can overwhelm
immunity to parasites, particularly during the first year of life.

3.7.2 Resistance and resilience

Resistance to parasites is the ability of sheep to limit the establishment rate, growth,
fecundity and survival of worm parasites. Conversely, Resilience is the ability of sheep to
continue to grow, maintain condition, lactate and/or reproduce despite being parasitized. We
would, of course, like sheep to have both, and in good measure! Most research has been
directed at resistance to parasites and ways to enhance it through nutrition and selective
breeding (see below). The immunity to parasites we are discussing here concerns the
development of resistance, rather than resilience. This resistance is not innate in sheep — it is
acquired following exposure to parasites. Consequently, the expression of immunity of sheep
to worm parasites is often referred to as acquired resistance.

3.7.3 Immunity and nutrition

Feeding high protein feeds can enhance immunity. While there appears to be no effect of
nutrition (within limits of reasonable levels of nutrition) on the rate at which immunity develops
in young sheep, diets containing feedstuffs high in digestible undegraded protein (e.g. soya
bean meal) significantly improve the strength of acquired resistance. This research has not
yet been converted into specific recommendations for the use of supplementary feeds as an
adjunct to parasite management in sheep, but the general relationship between nutrition and
the expression of acquired resistance should be considered when planning worm control
strategies.

3.7.4 Periparturient relaxation in immunity (PPRI)

There is a relaxation in immunity in adult ewes at about lambing time, which persists for a few
weeks of lactation. The consequence of this relaxation is that worms produce more eggs,
adult worms are not expelled, a lower proportion of incoming infective larvae are rejected and
hypobiotic larvae (of T circumcincta and H contortus) that resume development are also less
likely to be expelled. As a result, worm numbers rise and the FEC rises. The PPRI typically
commences 2—4 weeks before lambing and persists for 6-8 weeks, after which time ewes
recover their immunity and worm numbers and FECs tend to fall towards their pre-lambing
levels. The cessation of lactation brings a rapid return of the ewe’s normal immunity.

The PPRI is variable both in terms of the time of onset and in degree between sheep and
between flocks of sheep. Several factors are known to influence it. For example, it is less
marked in single-bearing/single-rearing ewes than multiple bearing/rearing ewes and it can be
diminished by dietary supplementation with feeds high in undegradable digestible protein
(UDP) - see also Fig. 6.1.

3.7.5 Breeding for resistance to parasites

There are variations between individual sheep within a flock in the strength of their acquired
resistance to parasites. Part of this variation is genetic, and it is therefore theoretically
possible to selectively breed for sheep that are more resistant to internal parasites. In flocks
that have undergone selection for low FEC, lambs developed stronger acquired resistance
and had lower FECs and lower worm burdens than lambs in unselected flocks. Adult ewes in
selected flocks had a smaller rise in FEC during the PPRI and their lambs had lower FECs at
weaning. However, work is still on-going because there is a cost to the animal in mounting the
immune response, which can result in reduced performance.
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It is important to note that such selection programmes act to increase the strength of acquired
resistance. Lambs in selected flocks do not demonstrate any significant advantage over
lambs in unselected flocks until they are 4-5 months of age or more. This means that as a
tool for worm control, genetic resistance will be of the greatest benefit when applied to breeds
involved in producing ewes rather than terminal sires. A flock of ewes that has been sired by
rams that are more resistant to worms will cause less pasture contamination with worm eggs
at all times of the year, including at lambing. This reduction in contamination will provide
substantial benefits to their lambs.

This selection for parasite resistance can only really be done effectively in flocks breeding
rams. Even those commercial sheep producers who breed their own ewe replacements
cannot achieve any significant genetic improvement in their flocks by ewe selection if the sires
they use to breed ewe replacements come from another flock. If such producers wish to
improve the genetic resistance of their flocks they must either breed rams themselves or buy
rams from a breeder who has been selecting for resistance to worms.

Selection for low FEC is practiced in some ram-breeding flocks in the UK, but most of these
flocks are terminal sire breeds (Suffolk, Texel, and Charollais). However, more recently, some
breeders of hill-breed rams have started selecting rams for low FEC. This is a trend that
should be encouraged by buyers of commercial ewes, such as Mules. Breeders interested
learning more about breeding for resistance should contact Eblex (www.eblex.org.uk).

Evidence from selection in Romney sheep in New Zealand indicates that substantial and useful
improvement can be made over a 10-year period, with selected flocks requiring substantially fewer
anthelmintic treatments. Selection for low FEC does not appear to lead to significant correlated
responses in resilience to parasites (as opposed to resistance). Experiments have produced conflicting
results about the existence of correlated responses between low FEC and production traits such as
growth rate. It is clear, though, that if selection for low FEC is pursued as the only or dominant trait,
then the opportunity to continue selection for other traits is foregone. Breeders are advised to combine
moderate selection pressure for low FEC with continued selection for production traits, such as litter
size, maternal ability, growth rate and fat depth.
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4 Anthelmintics Used Against Gastrointestinal
Nematodes

Sheep anthelmintics have either a broad or narrow spectrum of activity.

4.1 Broad-spectrum anthelmintics

The broad-spectrum anthelmintics can be divided into three groups on the basis of chemical
structure and mode of action (Table 4.1.). These groups are:

<> Group 1 - BZ, Benzimidazole (BZ) (‘white’ drenches).

All are effective against nematodes and are ovicidal although individual generic products may
vary in efficacy against some nematode species, particularly N. battus. Most are efficacious
against tapeworms. After administration, the BZ passes into the rumen, which acts as a
reservoir, allowing gradual release into the bloodstream. BZs act by inhibiting tubulin activity
in intestinal cells of nematodes or tegumental cells of cestodes, preventing uptake of glucose.
The longer the time it stays in the animal the more effective it is. There is one BZ anthelmintic
(triclabendazole), which is narrow spectrum (liver fluke only) and differs from all the other BZs
in many respects — but is classed with them because of its chemical structure.

<> Group 2 - LM, Levamisole (LM) (‘yellow’ drenches)

Includes the imidazothiazoles (levamisole) and tetrahydropyrimidines (morantel — no longer
on the market). These drugs are rapidly absorbed and excreted and most of the dose is lost
from the system within 24 hours. Therefore, it is not essential to maintain high concentrations
in the sheep for protracted periods. LMs act on the nerve ganglion of the parasite, causing
paralysis. They are not ovicidal. The therapeutic safety index, compared to other
anthelmintics, is low. Animals given levamisole may be hyperactive for a few minutes. Toxic
signs, due to a stimulant effect on nerve ganglia, may manifest as salivation, bradycardia, and
muscular tremors and in extreme cases death from respiratory failure. Injectable levamisole
may cause inflammation at the site of injection.

«  Group 3 - ML, Macrocyclic lactones (ML) (‘clear’ drenches)

Includes the avermectins (ivermectin/ doramectin) and the milbemycins (moxidectin). These
compounds are highly lipophilic and following administration are stored in fat tissue from
where they are slowly released. They act on glutamate gated CI- channels and y-aminobutyric
acid (GABA) neurotransmission sites in nematodes, blocking interneuronal stimulation of
inhibitory motor neurones, leading to a flaccid paralysis.

4.2 Narrow spectrum anthelmintics

The substituted phenols (nitroxynil) and the salicylanilides (closantel, oxyclozanide) are
narrow spectrum anthelmintics. They are effective only against trematodes and blood sucking
nematodes (Haemonchus and Fasciola). They act by uncoupling oxidative phosphorylation at
the mitochondrial level, reducing the availability of ATP, NADH, NADPH. In the host they bind
to plasma protein, which increases the duration of activity against blood sucking parasites.
The fasciolicides are discussed further in Section 7.

Praziquantel is a quinoline-pyrazine and is active against the tapeworm, Moniezia expansa.

The drug acts on cell membrane permeability leading to damage to the parasite integument.
Praziquantel is only available in combination with levamisole.
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Table 4.1. Anthelmintic preparations for sheep

Activity against
Spectrum
Compound Ofp Activity ~ Tela Trich Haemonchus  Fasciola Comments
Nem Coop contortus hepatica
Chab Oes
Group 1 BZ, Benzimidazoles
Albendazole + + + 50% higher dose rate
Broad = 10w required for fluke
Fenbendazole Broad + +
Mebendazole + + Variable activity
Broad against N. battus
Ricobendazole + + + > 50% higher dose rate
Broad o required for fluke
Oxfendazole Broad + +
Triclabendazole Narrow +>2d
Group 2 — LM, Levamisole
Levamisole + + Injectable and oral
Broad formulations

Substituted phenols and salicylanilides

Closantel

Narrow
Nitroxynil Narrow
Oxyclozanide Narrow

+>7w

+>7w

+>10w

Persistent activity
against H contortus.

Injectable only. Stains
wool.
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Table 4-2. Activity of sheep anthelmintics against lungworms, tapeworm and

ectoparasites
Activity against

Compound Lungworms Tapeworms Ectoparasites
Broad-spectrum
Benzimidazoles + + -
Levamisole + - -
Macrocyclic lactones + - +
Narrow-spectrum
Salicylanilides and substituted - + x +
phenols - -
Praziquantel # +

* not licensed for cestode activity in the UK.

# only available in combination with LM

4.3 Novel Anthelmintic Compounds

A number of new classes of antiparasitics have been developed over the last decade but to
date none are currently available for use against sheep nematodes. One class of compounds,
the amino-acetonitrile derivatives (AADs), with a potentially novel mode of action, has recently
been reported as having activity against all gastrointestinal nematodes affecting sheep and
cattle, including those resistant to existing anthelmintics. Such new anthelmintic compounds
are clearly urgently needed, and there is now the distinct possibility that new sheep products
will become commercially available within the foreseeable future. Despite this realistic
possibility of additions to the chemotherapeutic armoury, it remains imperative that the
activities of existing groups of chemicals are maintained for as long as possible through
management actions designed to reduce the dependence on anthelmintics. It is also vitally
important that effective strategies are devised in anticipation of any new introductions in an
attempt to prolong their effectiveness against pre-existing resistant worm populations.

44 Activity against Nematodirus battus

The BZs and levamisole possess high activity against the adult and immature larvae of N
battus, although some of the earlier BZs (mebendazole) have variable activity against
immature stages. The MLs have variable activity against N battus, although doramectin at
increased dose rate is active against L4 larvae of this species. Moxidectin (oral or injectable)
has no persistent activity against N battus.

4.5 Activity against hypobiotic larvae

Albendazole, fenbendazole, oxfendazole, netobimin, levamisole, doramectin, ivermectin, and
moxidectin are effective against arrested fourth stage larvae of the abomasal parasites.
Morantel is ineffective against mucosal or arrested stages.

4.6 Injectable formulations of MLs

Ivermectin (IVM), doramectin (DOR) and moxidectin (MOX) are available for sheep either as

injectable formulations, or oral drenches (not DOR). Administration by injection leads to better
absorption and a longer half-life than oral treatment.
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Only products containing moxidectin have licensed claims for persistent activity in sheep
(although all injectable MLs have persistent activity against some, but not all, worm species).
MOX prevents re-infection with ML-susceptible Teladorsagia spp and H contortus for 5
weeks. More recently, a newly introduced long-acting injectable formulation of moxidectin
provides protection for approximately 14-16 weeks for these abomasal species. The period of
protection from re-infection with Trichostrongylus colubriformis is much shorter and re-
infection of animals on pasture contaminated by parasites other than these remains possible

4.7 Persistent activity of closantel

Closantel will prevent the establishment of all (susceptible) H contortus larvae for four weeks
after dosing and will reduce establishment rates of larvae for at least one further week.

4.8 Cestodes (tapeworms)

The BZs are generally effective in controlling tapeworm infections. Praziquantel is a specific
treatment for tapeworm infections only.

49 Activity against ectoparasites
The MLs are also active against sucking lice (Linognathus spp), nasal bot flies (Oestrus) and
mange mites (Psoroptes, Sarcoptes, Chorioptes) when given by injection. Oral formulations of

MLs have no activity against these mites. There is little or no activity against chewing lice
(Bovicola ovis) (also called biting lice), ticks or keds.
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5 Anthelmintic Resistance (AR)

Resistance to all the main anthelmintic classes has been exhibited by nematode populations
in most sheep-rearing countries over the last twenty years.

5.1 What is resistance?

Resistance is the heritable ability of the parasite to tolerate a normally effective dose of the
anthelmintic. The parasite is considered resistant if it survives exposure to the standard
recommended dose of the anthelmintic and the ability to survive is passed on to its offspring.
Resistance can be viewed as drug tolerance, since ‘resistant’ individuals can often be
removed by exposure to higher dose rates of anthelmintic up to the maximum tolerated dose.

We can measure anthelmintic resistance in a number of ways. These include field tests, such
as a simple Drench Test as an indication, to the more accurate Faecal Egg Count Reduction
Tests (FECRTSs) and laboratory assays such as Larval Development Tests (LDT) and Egg
Hatch assays (EHAs) (Section 8 has details of these techniques). A fully effective anthelmintic
is expected to reduce the FEC to zero after administration. If the reduction is 95% or less,
then we say that resistance has been detected. (Point B in Fig 5.1)

Under field conditions however, anthelmintics will apparently continue to give clinical
responses in parasitised sheep when the reduction in faecal egg count (FEC) is substantially
less than 95%. Consequently, sheep farmers remain unaware that resistance to an
anthelmintic is present until the reduction reaches 80% or less (point C in Fig 5.1). Beyond
this point there are significant production penalties from poor worm control and the severity of
the resistance will increase rapidly if the anthelmintic remains in use.
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Fig 5.1 The rate at which AR appears in a flock

Point A, resistance alleles are at very low levels; B, resistance detectable in tests (95%); C,
resistance apparent as a clinical problem (<80%)

This distinction between the detection of resistance using FECRTSs, LDTs etc at the 95% level
and farmers seeing apparent failure at the 80% level is vital to the slowing of the development
of anthelmintic resistance. By detecting resistance at an early stage sheep farmers can
employ the SCOPS recommendations to prolong the time taken for the worm population on
their farm to move from point B to point C on the graph. This means the activity of the wormer
group(s) concerned can be maintained for longer.
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5.2 The UK situation

In the UK, anthelmintic resistance has been detected in a number of species of sheep
nematodes. Based on surveys conducted in Great Britain since 2000, a large proportion of
lowland farms have BZ resistance and a smaller, but a significant proportion has LM
resistance. The prevalence amongst hill farms may be lower than lowland farms. ML
resistance is now being reported in parts of GB, and further emphasises the importance of
exercising some control over its development and spread between flocks, before it becomes
widespread throughout the country. Key issues are:

++» Benzimidazole resistance has been reported in Teladorsagia (Ostertagia) circumcincta,
Haemonchus contortus, Cooperia curticei and Trichostrongylus spp.

% Levamisole resistance has been reported in T circumcincta, C curticei and
Trichostrongylus spp.

% ML resistance has been reported in T circumcincta in a number of sheep flocks in parts of
Great Britain. In all the flocks with ML resistance reported so far, there were also BZ and
LM resistant parasites on the same farm (“triple resistance”).

% There have also been a very small number of reports of early moxidectin (MOX)
resistance, usually manifest as a reduced period of protection.

< Multiple Resistance - The emergence of ‘triple’ resistance’ on a small number farms is of
concern and presents a challenge in terms of correct advice and management. However,
as often only one species, mainly T. circumcincta, is involved acceptable control may still
be achievable by appropriate monitoring and careful management.

The most recent SCOPS study data (2008) from 6 farms where resistance to one or more
groups of anthelmintics was identified by either FECRT or LDT is shown below. (Table 5.2)
On two farms “triple” resistance (i.e. to all three anthelmintics groups) was identified by
FECRT, and on one farm moxidectin resistance was suspected based on an early return to
egg laying at 28 days post treatment. On all of the farms, resistance was present in one or
more genera but most commonly in Teladorsagia.

Table 5.2 FECRT results for 6 farms in the SCOPS project

Farm % Reduction in Faecal Egg Count Post Treatment
BZ | LV | ML | Genus* Comments
A 6 80 84 | Teladorsagia + BZ Cooperia & LM Trichostrongylus
B 0 0 0 Teladorsagia + LM Cooperia & LM Trichostrongylus
C 0 99 | 100 | Teladorsagia + BZ Cooperia, Trichostrongylus &
Haemonchus
D1 60 | 100 | 36 | Teladorsagia
(77) 2008 Moved farm. Moxidectin +28days
D2 21 14 70 2007
E 100 | 93 96 | Teladorsagia LM
F 80 | 100 | 90 | Teladorsagia BZ & ML
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5.3 Side resistance

Anthelmintics within the same class share the same mode of action. When resistance
appears to one anthelmintic in a class, other anthelmintics in the same class will also be
affected. Thus worms that are resistant to, for example oxfendazole, are also resistant to
other BZ anthelmintics, such as fenbendazole, ricobendazole and albendazole. Worms that
are resistant to ivermectin will also show side-resistance to doramectin and moxidectin. In
practice, moxidectin usually demonstrates higher efficacy against ML-resistant parasites than
ivermectin, although there is evidence that it has less persistence.

54 Resistance selection mechanisms

5.4.1 Anthelmintic resistance may be inevitable, but can be delayed

The genes, or alleles, which allow parasites to be resistant to anthelmintics are believed to be
in existence in unselected worm populations (see the text box on page 26 for a detailed
description). Consequently, for all anthelmintics that have been developed to date, it appears
that the development of AR is an inevitable consequence of their use but its development can
be delayed. There are several factors that have been shown to influence the rate at which AR
appears in a worm population, and they are discussed below. It is our improved
understanding of these factors that has led to the development of new guidelines for
anthelmintic use, which are discussed in Section 6. Additionally, knowledge of the resistance
status to the different drug groups, the worm species involved and at what stage in the
season, can greatly influence the advice given to maintain effective control and manage
resistance development. (See section??)

5.4.2 The size of in-refugia populations

In any parasite ecosystem, there are two sub-populations of worms; the parasitic and the
free-living. It is only the parasitic sub-population (the parasites within the host) that can be
exposed to any anthelmintic treatment. Worms that are in the free-living sub-population (eggs,
L1, L2, L3 - see Section 2) are not exposed to the anthelmintic and are said to be in refugia
(Fig 5.2.). Any worms in sheep that are not treated also contribute to the in refugia sub-
population. One of the important factors influencing the rate at which resistance develops in a
worm population is the relative size of the exposed population and the unexposed or in
refugia population. In general, the larger the in refugia population in comparison to the
exposed population, the more slowly resistance will develop. This is of particular importance
with very fecund worm species, such as H. contortus, where a few surviving individuals may
populate the next generation rapidly especially when the refugia population is small, such as
in spring.
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Fig 5.2 The exposed and in refugia worm populations

The worms inside the dosed sheep are exposed to the anthelmintic. Worms that are free-living on
pasture, or are adults or immature in untreated sheep are in refugia. The in refugia population is
typically 100 to 10,000 times larger than the exposed population and the relative sizes of these two
populations influences how rapidly AR develops. There are resistant and susceptible worms in both
populations but only the susceptible worms in the exposed population (in blue) are removed by
treatment.

5.4.3 Frequency of treatment

The more frequently treatment is given, the faster AR develops. The underlying principle of
selection for AR is that treatment gives the resistant worms a reproductive advantage
over the susceptible worms, for 2-3 weeks after dosing. This is because, until L3 ingested
after dosing develop into egg-laying adults, the only eggs being passed in the faeces of dosed
sheep are from worms which survived treatment. As the the interval between dosing becomes
shorter, approaching the pre-patent period of the worm, the susceptible worms have less and
less opportunity to produce eggs and most, or all, pasture contamination occurs with eggs
from resistant parasites. If this strategy is continued the susceptible population is
progressively replaced with a resistant one.

However, the frequency of dosing does not exert its effect on AR development in isolation..
For example, if the in refugia population is small, replacement happens faster and AR may
appear after relatively few treatments. Conversely, where there is a large ‘in refugia’
population the selection pressure of a similar number of treatments is much lower. Modelling
studies have suggested that a strategy of two treatments, combined each time with a move to
low-contamination pasture, selects for resistance as rapidly as five treatments without using
low-contamination pasture. Similarly, persistent products with sustained activity may select for
resistance towards the end of their period of activity if drug concentration levels decline slowly
to sub-optimal levels (the “tail” effect). The lessons from these studies are that not all high-
frequency dosing strategies are equally bad, and that just seeking to reduce dose frequency
may not be enough to slow the development of AR.

25



5.4.4 Re-infection after dosing

After dosing, resistant parasites in the sheep enjoy a period of reproductive advantage over
the susceptible parasites, the extent of which depends on how quickly the sheep become re-
infected with L3 from the unselected population on pasture. If the pasture is highly infective,
and the sheep are highly susceptible, re-infection occurs quickly and selection for resistance
is minimised. An adult worm burden derived from the unselected population of larvae in
refugia is re-established within 3-4 weeks.

If re-infection is delayed, the resistant survivors will enjoy a longer period of reproductive
advantage. Re-infection could be delayed if the pasture has a low level of contamination, if
climatic conditions do not favour the movement of L3 onto pasture (too dry, for example), if
the sheep has a relatively strong acquired resistance or if the sheep have been treated with a
persistent anthelmintic. In New Zealand, it is believed that the anthelmintic treatment of ewes
that display strong immunity, or regain strong immunity soon after anthelmintic treatment, has
contributed significantly to the development of AR.

5.4.5 Anthelmintic dose rates

In the past, under-dosing of sheep with anthelmintics was probably common-place, because
the weight of the sheep was under-estimated, instructions for dose calculation were
misleading and/or dosing equipment was faulty. This is now recognised as a very significant
factor in the development of resistance to BZ and LM anthelmintics particularly. The reasons
why dose rates are important are discussed in more detail in the text box on page 26.

5.5 Reversion to susceptibility

Reversion, by definition, is the return towards susceptibility of a resistant nematode
population in the absence of the selecting drug. It will occur only if there is active selection
(natural or otherwise) against resistance alleles.

Normally, in unselected populations of worms, resistance alleles are either absent or are
present at very low frequencies and it could be assumed that these alleles have a selective
disadvantage for fitness. If anthelmintics are used and any resistance alleles are present, they
will increase in frequency. If anthelmintic use is discontinued, natural selection might be
expected to reduce the prevalence of resistance alleles in favour of the fitter, fully susceptible
parasites and the population would, theoretically, revert towards full susceptibility.

If, however, anthelmintic use continues, further genetic selection in favour of the resistant
parasites tends to make the resistance alleles less deleterious to survival. This process of
‘learning to live’ with the new alleles is called co-adaptation. In parasite populations where co-
adaptation to resistance alleles has occurred, the resistant worms are no longer less fit to
survive or reproduce than susceptible parasites. If anthelmintic use is discontinued at this
stage, reversion to susceptibility does not occur.

Supportive data on the occurrence of reversion in the field are limited. Reduction in resistance
to BZ in populations of BZ-resistant nematodes following exposure to levamisole has been
reported although BZ-resistance rapidly returned when treatment was re-introduced. In a
long-term study in the UK on anthelmintic reversion, BZ-resistance remained present over a
15-year period during which only anthelmintics of different classes were used.

5.6 Rotation of anthelmintics

It has been recommended in the past that sheep farmers should have a slow rotation
between anthelmintics of different classes, changing classes every one to two years. Thus, a
BZ anthelmintic could be used for worm control in year 1, a LM in year 2 and a ML in year 3.
This strategy was intended to prolong the effective life of each anthelmintic by allowing
reversion to susceptibility to occur when the anthelmintic was not in use. This was only
expected to occur if AR was in the early phase of resistance development when co-adaptation
had not occurred — long before AR was detectable in the worm population on the farm — and
when natural selection might reduce the prevalence of parasites containing resistance alleles
(point A in Fig 5.1). It is not important which alternate drug is used (as long as it comes from a
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different anthelmintic class) because it is natural selection, rather than selection with
anthelmintics, which is expected to reduce the prevalence of resistant worms.

Given the current widespread BZ-resistance, and increasing incidence of resistance to the
other anthelmintic groups, it would seem no longer feasible to follow this strategy unless
farms are monitored for resistance regularly. It should certainly not override any of the
SCOPS recommendations in terms of targeting parasites, the use of narrow spectrum
products and/or quarantine procedures.

5.7 Combinations of anthelmintics

Products containing combinations of broad-spectrum anthelmintics (BZ+LM, BZ+LM+ML, for
example) are marketed in several countries but are not available in the UK. Unfortunately, in
countries where they are now marketed, most combination products were introduced long
after resistance alleles had become highly prevalent in most flocks. By that time, the benefit of
the combined treatment was much reduced, compared to the benefits that might have
accrued had they been introduced early in the life of the anthelmintics. Ideally, combinations
of anthelmintics should be used when anthelmintics are still fully effective and when
resistance alleles are at very low frequencies.

Although combination products (of broad-spectrum anthelmintics) are not available in the UK,
it is permissible to dose sheep with two broad-spectrum anthelmintics (of different classes) at
the same time provided there are no known contra-indications to their sequential
administration. The two products must not be mixed prior to administration and, consequently,
we refer to this use of two products as ‘sequential treatment’. Sequential treatments have an
important role when very high levels of efficacy are required. The main application for this
strategy in the UK is with quarantine treatments (Section 6), but the quarantine strategies
could also be considered applicable when sheep are being moved onto very low
contamination pasture. It should not be assumed, however, that all parasites will be killed,
because in some cases there will be worms with resistance to both products.

5.8 Spread of AR between farms

Previous discussion has assumed that resistance alleles occur in worms on all farms albeit at
a very low frequency. It is possible that on some farms ‘closed’ populations of nematodes
exist that have no alleles for resistance. On such farms, the greatest risk for the appearance
of AR may be the importation of resistance alleles in worms in sheep from other flocks where
resistance occurs.

On other farms, resistance alleles may occur, but may be kept at very low frequencies by the
judicious use of anthelmintics. The importation of resistance alleles from other flocks may
lead to a dramatic increase in the frequency of those alleles, leading to the appearance of AR
in the flock many years earlier than might have been the case had the introduction not
occurred.

Undoubtedly spread between farms has been a significant factor contributing to the
appearance of AR on many farms in the UK, and has been associated with frequent
importations of sheep, often from multiple sources, and usually without effective quarantine
treatments on arrival. Surveys in Scotland have suggested that only 15% of farmers treat
purchased sheep in a manner that is likely to inhibit the importation of ML resistance, if it
existed in the purchased sheep. To prevent the introduction of resistant worms (and
Haemonchus contortus), effective quarantine treatments are critical. The details of
approaches to quarantine are provided in Section 6.
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Fig 5.3 Frequency of resistance alleles by genotype

When resistance alleles are rare, most of the resistance alleles are in heterozygous
parasites and very few in homozygous-resistant parasites. For this reason, low dose
rates are likely to select more heavily for AR than full dose rates when AR is in the very
early phase of development.

Anthelmintic resistance is not the only reason that anthelmintics sometimes appear to fail to
control worm parasites. Other reasons include:

.

X3 Dosing with insufficient anthelmintic due to:

o,

> underestimation of the animal's weight
> poorly maintained dosing equipment

> poor administration technique
% Failure to follow the manufacturer's instructions:
> not storing the products correctly
> using products beyond their use-by date
> mixing anthelmintics with other products

<> Rapid re-infection of animals after treatment from highly infective pastures

<> Use of the incorrect drug for the target worms and/or mis-diagnosis
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5.9 The genetic basis for anthelmintic resistance

Alleles, loci and genes

The different forms of a gene at a specific position on a chromosome is called an allele. The position at
which it occurs is called a locus (Latin for ‘place’). The word gene can refer to either the locus or the
allele. Generally, it is acceptable to substitute the word gene for allele. Worms are diploid creatures —
meaning they have paired chromosomes. When both alleles at the same locus on each pair of
chromosomes are the same, the worm is homozygous for that gene. When they are different (e.g., one
allele for resistance to anthelmintic, and the other for susceptibility), the worm is heterozygous.

Resistance alleles pre-exist in worm populations

Anthelmintic resistance is now accepted as a pre-adaptive phenomenon, in that the allele or alleles that
confer resistance already exist within the worm population before it has ever been exposed to the
anthelmintic in question. In the absence of the anthelmintic, natural selection keeps the resistance
alleles at a very low frequency because, presumably, the resistance alleles make the worms carrying
them less fit for survival than fully susceptible worms.

The introduction and continued use of an anthelmintic, however, confers a survival advantage on the
resistant worms. This allows them to reproduce at higher rates than susceptible worms, and their
frequency within the population increases. Eventually the frequency of worms with a resistant phenotype
becomes so high that anthelmintic resistance is said to have ‘appeared’ or to have ‘developed’ in the
flock. This is likely to be the time at which resistance to anthelmintics is first detected in laboratory or
field tests, or when the anthelmintic fails to cure clinically-affected sheep. In fact, by that time, AR has
already been present in the population for a substantial period, as the current methods of detection are
relatively insensitive (Fig 5.1.).

When anthelmintic resistance in worms behaves as a recessive trait, only homozygous worms survive a
full dose of anthelmintic. Heterozygous parasites are killed by the anthelmintic. Low doses of
anthelmintic, however, may allow the heterozygotes to survive. It could be said that low dose rates
enable the trait to behave as a dominant trait, rather than a recessive one.

Dose rates

When AR alleles are rare, homozygous AR parasites are very rare and most resistant alleles will be in
heterozygous parasites (Fig 5.3.). Full dose rates of anthelmintics reduce the rate at which AR develops,
compared to low dose rates, because they kill the heterozygotes and thereby remove most of the
resistant alleles from the worm population. For example, when the resistant-allele frequency is 1 in 10%,
99.99% of the resistant alleles in the worm population are in heterozygous worms. When anthelmintics
are administered in this phase of AR development (point A on Fig 5.1.), full doses (killing all
heterozygotes and all homozygous susceptibles) are expected to significantly delay the emergence of
AR compared to low doses (which allow heterozygotes to survive, but kill homozygous susceptibles).

As resistance alleles become more prevalent in the worm population, homozygotes become relatively
more common (Figure 5.3). Once resistance alleles are no longer rare, a point is reached where there is
little difference in the rate at which AR continues to develop between full doses and low doses (where
only homozygous susceptibles are killed). The fact that resistance to MLs in T circumcincta and H
contortus appears to be under the control of a single, dominant allele may explain why ML resistance
tends to appear very quickly in flocks where it occurs. In many cases, it has appeared where under-
dosing does not seem to have been a contributory factor.

Combinations

When resistance alleles are rare, (point A on Fig 5.1.) the number of parasites in the population with
resistant alleles to two, unrelated, products is exceedingly low. For example, if 1 in 10* parasites are
resistant to BZ, and 1 in 10* are resistant to LM, then we expect only 1 in 108 will be resistant to both.

Using combination products, or two products in sequence, will remove all or nearly all of the resistance
alleles from the exposed population and keep the resistance alleles very rare. By contrast, when half the
worms are resistant to BZ and half are resistant to LM, we expect one quarter of the worms to be
resistant to both. Combined treatment may then provide improved clinical responses for a few years, if
used carefully. The major benefit from combination treatments may then be the opportunity to reduce
the usage of ML anthelmintics, thus preserving their efficacy, without losing the benefits to productivity
of effective worm control.
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6 Anthelmintic Resistance — New Guidelines

Many of the previous recommendations for worm control are still relevant but need to be
modified to take account of our current understanding of parasite epidemiology and the
development of anthelmintic resistance. A summary of the 8 SCOPS guidelines appears in
Table 6.1, and details of the novel strategies are discussed in the following pages.

Table 6.1 The new guidelines for anthelmintic use and worm control in sheep

Guideline

Comment

1. Work out a control strategy with
your veterinarian or advisor.

2. Use effective quarantine
strategies to prevent the
importation of resistant worms
in introduced sheep and goats

3. Test for AR on your farm

4. Administer anthelmintics
effectively

5. Use anthelmintics only when
necessary

6. Select the appropriate
anthelmintic for the task

7. Adopt strategies to preserve
susceptible worms on the farm

8. Reduce dependence on
anthelmintics

The need for specialist consultation is
greater now than before. Decisions about
the judicious use of anthelmintics in worm
control programs are complex, and will
require on-going consultations

Introduction of resistance alleles is
considered a major cause of AR in UK
flocks. The recommended treatments also
prevent the importation of Haemonchus
contortus.

It is fundamental that sheep farmers know
which products (chemical groups) are
effective in their flocks.

Administer the right dose in the correct way,
and exploit opportunities to enhance drug
efficacy to ensure maximum kill rates.

Understand the trade-off between tolerating
some level of parasitism and minimising
selection for AR. FEC monitoring has an
important role.

treatments
rotations in

Consider narrow
whenever possible.
appropriate ways.

spectrum
Use

Aim to reduce the heavy selection for AR
when treating immune sheep or when
dosing on to low contamination pastures.

Alternative  control measures include
grazing management, risk assessment and
using rams that have been selected for
resistance to nematodes.
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6.1  Work out a control strategy with your veterinarian or advisor

Developing a cost effective, reliable and sustainable strategy — in terms of AR management
for worm control is becoming increasingly complex. On-going consultations between farmers,
their veterinarians and advisors will be needed to combine an expert knowledge of worm
parasites with a practical and detailed understanding of the individual farm and its sheep
flock. This relationship needs to evolve, so that the farmer bases tactical decisions within the
context of an agreed strategy. This will need to be updated by advice and interpretation of
analyses, such as FECs and AR tests, which give up to date information on the status of the
flock

6.2 Avoid introducing resistant worms — use quarantine treatments

The objective of quarantine treatments is to reduce the probability of any AR worms being
introduced onto the farm. (If any resistant worms do survive the quarantine treatment, then
their numbers should be so low that the emergence of AR is greatly delayed.) Quarantine
should be applied to sheep purchased from other flocks (including rams), and sheep, which
have been grazing on other farms (or common grazing) where the resistance status is
unknown or likely to be different from the home farm. The recommendations also apply to
introduced goats as they harbour the same worms as sheep.

There are three steps in the recommended quarantine protocols:
6.2.1 Step 1 - Treatment

All sheep brought onto the farm should be treated with anthelmintics likely to remove
all worms — both resistant and susceptible genotypes.

Assume the sheep are carrying BZ-resistant, LM-resistant, and possibly ML-resistant
parasites, when considering treatments. It is particularly important to try to exclude the rarer
genotypes, because it is more likely that these represent a genotype currently absent from the
farm. To achieve this, sheep should be treated with two anthelmintics (LM and moxidectin are
now recommended given the increasing reports of ML resistance).

The principle behind these treatments is that moxidectin will remove all parasites that might
be resistant to BZ and/or LM (and to some extent those resistant to ML), and that levamisole
will remove all parasites resistant to ML. An advantage of choosing moxidectin as opposed to
other MLs is that fewer ML-resistant parasites will survive treatment with moxidectin than will
survive treatment with doramectin or ivermectin. It should be emphasised however, that this is
an interim recommendation until other new anthelmintic groups become available. Once
available these will become the product(s) of choice for quarantine treatment.

Many advisors have preferred to recommend injectable doramectin as a quarantine treatment
because it is highly efficacious against sheep scab with one treatment. In the case of
ivermectin, two treatments are recommended for sheep scab eradication. The recent
introduction of a long-acting moxidectin injection that provides a 60 day period of protection
against sheep scab now offers a recommended alternative for quarantine treatments.

The two treatments (MOX and levamisole) should be given sequentially not
simultaneously. These products should not be mixed before administration. There is no
specific recommendation for a time interval between administration of the two products — it
could be as short as a few seconds when two operators with different drench guns/injectors
and packs of products are working together to treat the sheep.
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6.2.2 Step 2 - Holding

Hold sheep off pasture for 24-48 hours, until any worm eqgs present in the qut have
passed out in the faeces.

After sheep have been treated with ML and LM, they should be held away from pasture for
24, or preferably, 48 hours. This time period allows worm eggs produced by worms before
treatment to pass out in the faeces. After 24 hours, about 90% of the eggs will have been
passed and by 48 hours, 99% will have gone. Sheep should have access to feed and water
throughout the period that they are held off pasture.

Faeces passed in the 24-48 hours post-treatment should not be applied to pastures that will
subsequently be grazed by sheep or goats. Dispose by incineration, or by application to
ground that is not grazed.

6.2.3 Step 3 - Turnout to dirty pasture

Sheep should be turned out to pasture contaminated with worm eqgs and larvae, to
minimise the impact of any worms that survive treatment on the farm’s AR status.

Parasites that survive the treatment will be resistant to both ML and LM. While there are still
very few flocks in the UK which currently have worms resistant to both these products, the
consequences for farms introducing them are potentially very serious. Therefore, every effort
should be made to reduce the impact of introducing any ‘super-resistant’ parasites.

After the period of confinement off pasture, sheep should be turned out to pastures with high
levels of worm eggs and larvae, representative of the worm population of the farm. This is to
ensure that any eggs produced by worms before treatment and passed in the faeces, will be
diluted by the pre-existent free-living stages on the contaminated pasture. This will have the
effect of (a) keeping the introduced resistant genes at a low frequency in the free-living
population and (b) encouraging rapid re-infection of introduced sheep with home-farm worms,
shortening the period when introduced worms are dominant (if a non persistent drug is used).

If contaminated pastures are not available, sheep should remain under restriction (step 2,
above) for 72 hours before release onto a small pasture. The efficacy of the quarantine
treatment should then be assessed by FEC sampling at least 10 sheep, 14 days after
treatment. If FECs are more than zero, treatment with a highly efficacious anthelmintic should
be repeated until 14-day post-treatment FECs are zero. At that point, the sheep can be
released onto other farm pastures. The small pasture field contaminated by the eggs of
surviving worms should be avoided for grazing until it can be quickly and heavily
contaminated by grazing with high FEC sheep from the home flock.

NB The treatment with LM and MOX sequentially will also remove Haemonchus contortus
which is important in preventing the introduction of this highly pathogenic species to a
previously uninfected farm.

6.3 Test for AR on your farm

Evidence being gathered in the field supports the view that it is vital we know the resistance
status for each anthelmintic drug group on an individual farm, before the most appropriate
treatment strategies can be decided. Early detection of reduced efficacy means that efforts
can be concentrated on reducing selection pressures to help maintain efficacy for longer.
Consideration should also be given to the species of nematode concerned since results will
vary according to the species and hence also the time of year the test is carried out. The
methods for testing are described in Section 8.
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6.4 Administer anthelmintics effectively

6.4.1 Dose at the rate recommended for the heaviest in the group.

All sheep should be dosed at the rate recommended for the heaviest sheep in the group.
Scales should be used to weigh two or three of the biggest sheep. If the weight range is such
that the lightest sheep might receive more than a double dose, divide the group into two and
then calculate a dose rate for each of the two sub-groups based on the heaviest in each.

Where two anthelmintics are being administered e.g. for quarantine treatment, the full dose
rate for each drug must be used.

6.4.2 Check the dosing gun or syringe

Dosing guns/syringes should be checked regularly to ensure that they are delivering the
required dose. For drenches, this should be done by delivering two or more ‘doses’ into a
graduated measuring device (e.g. a 20 ml syringe), immediately before dosing commences.
Use the anthelmintic not water, because the higher viscosity anthelmintic will be a better ‘test’
for the equipment.

6.4.3 Dosing technique

Dosing guns are designed to deliver into the oesophagus and not into the buccal cavity. If
anthelmintic is administered into the buccal cavity and then swallowed, some or the entire
dose may by-pass the rumen and go direct to the abomasum because of the action of the
oesophageal groove. Anthelmintic that enters the abomasum is absorbed and metabolised
very rapidly. This means that the parasite may have insufficient exposure to the anthelmintic
to provide the expected level of efficacy.

Injections should be given either subcutaneously or intramuscularly at the recommended site
of injection, following manufacturer’s instructions. When given subcutaneously, care should
be taken to ensure that the needle is inserted correctly by parting the fleece, and should be
withdrawn from the skin with pressure applied at the point of insertion for several seconds to
prevent leakage. For injectable, long-acting moxidectin, for example, the site of subcutaneous
injection is the base of the ear.

6.4.4 Restrict feed before dosing

Where a period of feed-restriction is unlikely to be harmful (but NEVER for ewes in late
pregnancy), the activity of BZ and ML anthelmintics can be enhanced by withholding food for
24 hours before dosing (access to water must be maintained). The slower rate of digesta flow
from the rumen prolongs the availability of the anthelmintic for absorption by both the sheep
and the parasite, and can significantly improve anthelmintic efficacy and reduce selection
pressure for AR.

6.4.5 Do Not Mix
Anthelmintics must not be mixed with any other products prior to administration.

6.5 Use anthelmintics only when necessary

6.5.1 Dosing of ewes at tupping

There is a strong case for withholding anthelmintic treatment from ewes at tupping, or dosing
only those individual sheep that appear to require treatment on the basis of low condition (or
FAMACHA) score. Pre-tupping, very few adult ewes will have significant worm burdens and
FECs are likely to be very low because they have a strong acquired resistance to worms.
Treatment at this time selects heavily for AR because any worms that survive the anthelmintic
treatment from this small population will enjoy a prolonged period or reproductive advantage,
during which they dominate worm egg production. In addition, there is concern that removal of
the ewes’ worm burden may temporarily reduce the strength of her acquired immunity, thus
being counterproductive.

It is recommended that only lean or immature ewes, or clinically affected ewes, are
treated at this time.
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In the case of H contortus, treatment of ewes between October and April will exert a powerful
selection pressure, because most of the worm population that survives over winter does so as
hypobiotic L4 in the sheep, rather than as L3 on pasture, thus the ‘in refugia’ population is
relatively small. FEC monitoring and a knowledge of each farm’s H contortus status will assist
with the decision making.

6.5.2 Dosing of ewes at turn-out

For most of the season, adult ewes have high levels of immunity but, during the period of the
peri-parturient relaxation of immunity (PPRI), their resistance is weaker than at other times
(Section 3). Treatment at this time may have less serious consequences for the development
of AR, but the timing of dosing and the choice of anthelmintic are both important. If ewes are
still experiencing the PPRI when the effect of anthelmintic dosing ceases, they are likely to
become re-infected quickly, particularly if pastures are reasonably infective. Under these
conditions, selection for AR is minimal, but the benefit of treatment in terms of pasture
contamination (Fig. 2.2) is also minimal. Ewes that are treated early in the period of the PPRI
show only a short duration of reduced egg output before resuming the expected, but delayed,
peri-parturient rise in FEC.

In the past, repeated treatments have been advised in order to eliminate the rise in FEC
altogether (Fig. 6.5). This strategy will effectively reduce pasture infectivity for the lambs later
in the season, but will also ensure that the end of the PPRI coincides with anthelmintic
treatment, and there may be a prolonged period before ewes re-establish a nematode
infection from the in refugia population.
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Fig. 6.5 Faecal egg counts of ewes grazing infective pastures after turn-out

Peri-parturient rise in FEC is delayed by one treatment but is not eliminated.
Courtesy M J Clarkson.

To avoid undue selection pressure for AR by dosing ewes at turn-out, consider both of these

strategies:

% Leave a proportion of the ewes untreated, to populate the paddock with eggs from
unselected parasites (Section 6.7, part-flock treatment, targeted selective treatments
(TSTs),

or....

.

« Treat early in the post-lactation phase to ensure that ewes become re-infected before
their immunity is fully restored.

Both of these approaches increase the risk of parasitic disease for lambs grazing the pastures

later in the season. This is clearly an area where careful planning is necessary to develop
strategies that give acceptable levels of worm control without undue selection for AR.
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6.5.3 Treatment of lambs

Lambs are often treated frequently to eliminate the negative effects of gastrointestinal
parasitism and ensure high growth rates. A number of strategies can be used to reduce the
selection pressure for AR when treating lambs.

<> Research carefully the need for preventive anthelmintic treatment for nematodirosis.
Where farm and paddock histories suggest that the risk is significant, consider using
BZ or LM anthelmintics instead of MLs.

<> Use FEC monitoring to help predict the need for treatment against T circumcincta and
Trichostrongylus spp.

X On farms where lamb treatments have been at very high frequency, such as every
three weeks, explore strategies to extend the period between treatment to four or five
weeks, or more.

In particular, avoid frequent treatment of lambs on the same fields as those where ewes were
suppressively treated during lactation. In these situations, there are numbers of larvae from
unselected parasites and AR can be expected to develop quickly.

6.5.4 FEC monitoring to optimise the timing of anthelmintic use

FEC monitoring provides information about the worm status of a flock of sheep and can help
in the decision about the need for treatment with anthelmintics. If grazing sheep have high
FECs, and the faecal samples have been collected appropriately, one can safely assume that
worm burdens are high and that treatment is justified. Unfortunately the corollary is not always
true and low FECs require careful interpretation. See Section 8 for details on performing and
interpreting FECs.

6.6 Selecting the appropriate anthelmintic

6.6.1 Use narrow spectrum anthelmintics where possible
Unnecessary exposure of worms to an anthelmintic can lead to increased selection pressure
for anthelmintic resistance without providing any improvement in worm control.

The solution may be to use narrow-spectrum drugs, for example, when one worm species is
the target (eg, H contortus). If other worms in the sheep (e.g. Teladorsagia, Trichostrongylus)
are exposed to the anthelmintic incidentally, this is inadvertent or ‘off-target’ use. This can be
avoided by using closantel or nitroxynil which have a narrow spectrum of activity (against
Haemonchus and Fasciola).

On some farms, Teladorsagia and Trichostrongylus may be highly resistant to BZ wormers
while Nematodirus worms are susceptible to that class. In these flocks, the BZ group could be
considered as a narrow-spectrum anthelmintic against Nematodirus. This would avoid the off-
target exposure of Teladorsagia, Trichostrongylus and others, to the other broad-spectrum
classes of wormer (LM and ML).

6.6.2 Avoid off-target (inadvertent) use in combination products

Similarly, the use of combination products (flukicide plus broad-spectrum wormer) active
against liver fluke and nematodes should be avoided when only liver fluke is the target for
control. Instead, the narrow-spectrum flukicide should be used alone.

6.6.3 Use of Larval Culture with FEC

Consider the use of larval culture and larval differentiation in conjunction with FEC to identify
and target pathogenic nematode species, particularly, Haemonchus contortus. See section 8
for details.

6.6.4 Rotate anthelmintics where appropriate

As discussed in Section 5, reversion is unlikely to occur once resistance has been detected in
a worm population. Although there is no strong evidence that rotating anthelmintic classes is
an effective strategy to delay the appearance of AR, it is possible that rotation could delay the
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appearance of ML resistance on farms where the gene for resistance is either absent, or at
very low levels. It makes sense, therefore, to continue to advise rotation between a ML and
any other effective anthelmintics.

The intention to rotate between anthelmintic classes should not be allowed to take
precedence over other more important decisions about selection of anthelmintics. In
particular, the quarantine strategies for introduced sheep described earlier in this section
should be applied regardless of the current anthelmintic in the rotation. Similarly, the use of a
narrow-spectrum treatment (such as a BZ against Nematodirus) should take precedence over
the anthelmintic rotation.

6.6.5 Using anthelmintics with persistent action

There are two oral sheep products on the UK market with persistent action - moxidectin
(MOX) against T circumcincta and H contortus, and closantel, against H contortus. There is
now also a long-acting, injectable formulation of MOX giving greater periods of protection of
approximately 14-16 for these species respectively. While it may be thought that anthelmintics
with persistent action have the potential to hasten the development of AR, because they
continue to prevent the establishment of L3 for extended periods after dosing, there are other
factors to consider. MOX as a milbemycin, is a more efficacious ML against ML-resistant
parasites than the avermectins (AVs - ivermectin and doramectin), so fewer ML-resistant
parasites will remain in the sheep after dosing with MOX than with AVs. This suggests that
MOX may be preferred to AVs, particularly when the post-dosing larval intake from pastures
is low. MOX does, however, delay the re-infection of dosed sheep with some parasites after
treatment and may select for AR in the ‘tail’ phase of its sustained activity.

Treatment with different formulations of MOX may take the place of two or more treatments of
a short-acting anthelmintic when pasture infectivity is high and when sheep are susceptible to
re-infection. It is not clear if one dose of MOX will select for AR more, or less, than more
doses of AVs.

There is no clear-cut answer as to whether MOX should be used or avoided for peri-parturient
ewes. However, it is clear that a) the persistent effect of MOX should be avoided at the stage
the ewe’s immunity is likely to return and b) MOX should not be used exclusively (year on
year) at this time.

In the case of closantel, the use of the narrow-spectrum anthelmintic to control H contortus is
almost always preferable to using a broad-spectrum drug, when only that species is the target
for control.

6.7 Preserve susceptible worms on the farm

The ‘dose and move’ strategy has been widely recommended in the past and is a successful,
cost-effective method of achieving good worm control. When pastures with low levels of worm
eggs and larvae become available for grazing, best use is made of them by dosing sheep with
anthelmintics before placing them on the field. This ensures pasture contamination remains
low for an extended period providing a period of productivity uninhibited by parasite infection,
without the need for repeated anthelmintic treatment.

Unfortunately, the strategy is also likely to select for AR, because any worms surviving
treatment will enjoy an extended period of reproductive advantage over unselected parasites.
All the time the sheep remain free of re-infection from the low contamination pasture, any
surviving worms are resistant and contaminating the pastures with their eggs. Without the
dilution effect of a heavily contaminated pasture the frequency of resistant genes in the free-
living population can increase quickly and in theory, the cleaner the pasture, the faster the
resistant-gene frequency increases.

The benefit of the low contamination pasture may persist for weeks or months. At the end of
that period, the pasture will be more heavily contaminated, but now with a more-resistant
population of parasites than was present earlier in the season. The sheep grazing the pasture
subsequently will be infected with a selected population of parasites, with a higher resistant-
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gene frequency than before treatment. The repetition of such events around the farm over
several years will lead ultimately to a highly resistant population of parasites, despite the
farmer having ‘enjoyed’ the benefits of good worm control in the meantime.

How, then, can the potential benefits of low contamination pastures be exploited without
selecting heavily for AR? Two approaches can be used: (1) part-flock treatment and (2) delay
the ‘move’ after the ‘dose’.

6.7.1 Part-flock treatments and Targeted Selective Treatments (TSTs)

Some animals in the flock can be left untreated, allowing a pool of unselected parasites to
produce eggs that are passed out on to the low-contamination pasture. It has been suggested
that leaving 10% of the flock untreated before such a move will be sufficient to provide a large
enough dilution effect to delay the development of AR. However, this depends on the
treatment given to the other 90% of the flock being highly efficacious (See below).

For example, if a treatment given to 90% of a flock only reduces FEC by 90% in treated
sheep, eggs from resistant worms will be passed in approximately equal numbers to eggs
from unselected worms. If the anthelmintic is 99% efficacious, unselected worm eggs will
outnumber selected (resistant) worm eggs by 10:1 and, if the efficacy is 99.9%, unselected
worm eggs will dominate the egg counts by 100:1. The cleaner the destination field, the more
important the recommendation becomes, and the more important it is that the treatment
approaches 99.9% efficacy.

Farmers looking to exploit low-contamination pastures should therefore be encouraged to use
highly efficacious treatments and to leave about 10% of the flock untreated.

Farmers may be concerned by this recommendation on two counts. The first is - which sheep
to leave untreated, and the second is the lost opportunity to keep a ‘clean’ field ‘clean’. On the
first count, omissions could be done at random or could deliberately target sheep in good
condition. One danger of selecting only sheep in good condition is that they may have
substantially lower FECs than average. On the second count, the concern is well based, but
the strategy is effectively a compromise between some loss of worm control and a high risk of
selection for AR.

Work is ongoing in this area. In particular, workers on the EU funded PARASOL project have
been looking to see if they can determine more accurately those animals that should targeted
for treatment (Parasol website - www.parasol-project.org). Obvious indicators are animals in
low body condition (based on body scores); -reduced growth rates / body weight or those with
signs of scouring.

6.7.2 Delay the ‘move’ after the ‘dose’

An alternative to part-flock treatment is to allow the treated flock to become ‘lightly’ re-infected
before allowing them access to the low contamination pasture. This will ensure that soon after
the move, contamination of the ‘clean’ pasture with eggs from unselected parasites will
recommence. The reproductive advantage offered to the selected (resistant) parasites will be
short (the pre-patent period minus the number of days the sheep were withheld after dosing)
and then will depend on the degree to which the sheep became re-infected after dosing.

The number of days for which dosed sheep should be allowed to graze contaminated pasture
before being given access to the ‘clean’ grazing will depend on variations in pasture infectivity
(number of infective larvae available on pasture) and climatic factors. If the pastures are of
high infectivity and the sheep reasonably susceptible to parasites (less than one year old, for
example) then 4-7 days of grazing may be a satisfactory compromise between making best
use of the ‘clean’ pasture resource and reducing the selection pressure for AR.

NB. Sheep treated with moxidectin will not become re-infected with Teladorsagia or
Haemonchus for five weeks after dosing (longer for the LA product), so the strategy described
above would not usefully reduce selection pressure on MLs in those worm species.

37




6.8 Reduce dependence on anthelmintics

6.8.1 Strategic Prophylactic Treatments (SPTs)

Anthelmintic treatments should ideally be targeted, and based on appropriate FEC monitoring
programmes on a whole flock basis (see section 8.2). As worm burdens in both ewes and
lambs fluctuate throughout the year, treatments should be strategically aimed at identified
potential periods of risk rather than following more conventional, suppressive treatment
strategies.

6.8.2 Use grazing management

The objective of management practices is to minimise the reliance on and use of
anthelmintics, by avoiding exposure to parasite burdens that would lead to clinical disease
and loss of production. At the same time, management needs to allow the sheep to build up
immunity to the parasites if it is to remain on the farm beyond the first grazing season. To
achieve these objectives, it is necessary to understand the basic principles of risk assessment
for pastures, sheep and systems and to be able to relate these to the management and
monitoring tools available to the farmer. See Section 8 for guidelines.

6.8.3 Use rams that are bred for resistance to worms

In flocks that are breeding their own replacements, the resistance of the flock to worms can
be increased by using rams that have been selected for worm resistance. However, in
commercial finished lamb producing flocks that buy in females and finish lambs at less than 5
months of age, there is unlikely to be any advantage in using selected terminal sires. As
indicated in section 3.7.5, genetic resistance will be of the greatest benefit when applied to
breeds involved in producing ewes rather than terminal sires. This is because a flock of ewes
that has been sired by worm-resistant rams will cause less contamination of pastures with
worm eggs at all times of the year, including at the time of lambing. The reduction in
contamination will then provide substantial benefits to their lambs.

6.8.4 Forages with anthelmintic properties

Grazing on bioactive forages, such as chicory, birdsfoot trefoil, sulla, and sainfoin have been
shown to reduce the negative effects of parasitism in sheep. However, much still needs to be
learned about using bioactive forages in practical production systems. It is not yet known
whether bioactive forages act directly against incoming or established worms or whether they
work indirectly by improving the nutritional status of parasitised animals. Work is now
underway in the UK to evaluate such crops and their ability to reduce worm burdens in sheep.
Chicory is the most promising bioactive forage and can be incorporated into normal grass leys
or sown in conjunction with clover a