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SUMMARY
The work undertaken in this thesis was designed to examine
the antigenic nature of various stages of the abomasal parasite

Haemonchus contortus. The parasitological and immunological

responses of sheep "vaccinated" with surface and somatic proteins
derived from third stage larvae and adult worms were also
investigated.

Chapter One reviews the literature on H. contortus and
describes the 1life cycle of the parasite together with the
-pathogenesis, clinical signs, treatment and control of infection.
Discussion of the immunological asﬁects of ovine haemonchosis
relating to natural immunity, acquired immunity and vaccination
is followed by an introduction to the molecular techniques and
approaches used in subsequent investigations. The materials and
methods are presented in Chapter Two and_include a description of
the regimen of serial infections of adult and young sheep with
infective third stage larvae which was used in an attempt to
produce serum antibodies against Haemonchus. Hyperimmune sera
was obtained only from the adult sheep, the younger sheep
remaining susceptible to repeated challenge infections. |

The results of the experimental work is presented in
Chapters Three and Four. The findings of five experiments in
which sheep were immunised/vaccinated with surface proteins

derived from Haemonchus contortus larvae are described in

Chapter Three. The first of these, a pilot experiment involving

ix



a small number of animals suggested that a significant protective
immunological response resulted from vaccination with L3 and L4
surface proteins. This was based on the low faecal egg outputs
and high packed cell volumes of the vaccinated animals compared
with the control lamb, after experimental challenge. Antibody
levels resulting from vaccination were determined by the ELISA
technique and these indicated a significant immune response to
larval antigens in the vaccinated animals. These preliminary
results led to a series of subsequent vaccination experiments.
In these (Experiments Two - Five)_ post-vaccination challenge
infections resulted in variable changes in packed cell volumes
and faecal egg counts both between experiments and between
vaccinated and control animals in the same experiment. The
parasitological and haematological results of these experiments
were not as encouraging as those obtained in the preliminary
experiment, although up to 50%Z reductions in adult parasite
establishment were recorded in some of the vaccinated groups
compared with controls. These five experiments also showed
varying levels of antibody response to larval antigens detectable
by the ELISA but again the levels of response were less than
those recorded after immunisation in the preliminary experiment.
The 1last experiment in Chapter Three described the results
of a wvaccination ~experiment using H. contortus Ly or adult
somatic antigens. Although a low antibody response to the
proteins wused in the vaccination was detected, there was no
apparent protection against challenge with normal larvae.

X



Chapter Four is concerned with investigations of
H. contortus at the molecular level. These  included
characterisation and comparison of surface and somatic protein
profiles of various stages of the parasite by direct staining of
proteins obtained by SDS-PAGE and by the use of biotin labelling
techniques. The protein profiles of first and second stage
larvae were found to be very similar. =~ Although differences in
protein profiles were demonstrated between third and fourth stage
.larvae and adult parasites these Qere especially marked between
the third stage larvae and adults. Serum from animals in the
experiments described in Chapter Three were also studied by
immunofluorescence and immunoblotting techniques. Using these
techniques serum antibodies from vaccinated lambs were found to
vary both quantitatively and qualitatively.

The results of the experimental work carried out 1in this
thesis are discussed in Chapter Five together with suggestions

for possible avenues of future research.

xi



CHAPTER ONE

GENERAL INTRODUCTION



INTRODUCTION
Haemonchosis 1is a parasitic disease of sheep, cattle and
goats economically important worldwide, but especially so in
tropical and subtropical areas. It is caused by the abomasal
nematode Haemonchus which is classified as a member of the Phylum
Nemathelminthes, Class Nematoda Superfamily Trichostrongyloidea,
Genus Haemonchus (Soulsby, 1968). Three species are known -

contortus, placei and similis.

Gibbons (1979) rejected the theory that H. placei was a
‘'valid species, regarding H. contortus and H. placei as synonyms.
There are minor taxonomic differences such as the shape of the
vulval flap, which in H. placei is button-shaped whilét in
H. contortus, the flap 1is tongue-shaped. There are also
differences in the Host-Parasite relationship e.g. prepatent
period, the ability to "self-cure", which has not been proven to
occur in cattle, and the development of immunity which occurs
invariably in cattle, but not neceésarily so in sheep and may be
attributed to the host response. H. similis is regarded as a
valid species, a major taxonomic difference being the placement
of the vulva at the tip of the wvulval flap.

H. placei and H. similis are primarily parasites of cattle
whilst H. contortus is tﬁe parasite found in sheep and goats.

In this thesis, the host-parasite relationship discussed is

that of Haemonchus contortus in sheep.
The worms are unsegmented, cylindrical and elongate, the
sexes separate and the females are larger than the males. They

are 10-30 mm long, possessing small buccal cavities armed with a



slender tooth or lancet. Cervical papillae are prominent and the
bursa 1is large, especially so the lateral 1lobes, whereas the
dorsal lobe is small and assymetrical. The vulva is anterior in
the female and the spicules of the male are barbed.

Grossly the parasites are easily identified because of their
specific location in the abomasum, relatively large size and the
“barber'sbpole" appearance of the female parasites' white ovaries
winding spirally around the blood filled intestines, clearly
visible in fresh specimens.

Commonly known as the stomach worm or wireworm of sheep, it

is one of their most pathogenic parasites.

LIFE CYCLE

The 1life cycle of H. contortus is direct and the stage that
is infective to the host animal is the third stage larva (L3).
Normally four moults or ecdyses, in which the whole cuticle is
shed and replaced by a new one, take place before the adult stage
is reached. The L3 becomes infective for the host énimal after
the second moult and the cuticle of this moult is retained as a
protective sheath until the worm enters the host.

Following 1ingestion, exsheathment or the second moult is
completed in the rumen, the actual stimulus for which 1is not
known, but 1is thought to be the dissolved gaseéus‘ 002 gnd/or
undissociated carbonic acid in the gut (Mapes, 1969). The now
parasitic L3 migrate to the abomasum and become closely
associated with the mucosa, where the third moult takes place and

the fourth stage larva (L4) emerge.



The fourth-stage larva is able to feed once the third-stage
sheath has been lost (Mapes, 1969), and just before the time of
the fourth moult, the piercing lancet which enables the larva to
penetrate the surface of the abomasal mucosa develops. The
fourth stage larvae are also found in close apposition with the
abomasal mucosal surface. Feeding commences and is soon followed
by the fourth moult to the fifth or pre-adult stage. After
further feeding these fifth stage larvae mature into adult
females and males which are to bé found moving freely on the
surface of the mucosa. Differentiation into female and male
begins around the time of the fourth moﬁlt.

Mating followed by the laying pf many eggs by the prolific
females takes place soon after and the eggs are passed out in the
faeces of the infected animal. First stage larva begin to
develop within the eggs as they pass along the gut and under
optimal conditions the eggs hatch on the pasture within two days.
Under favourable conditions, L3 will be present on pasture within
4-6 days (Le Jambre, 1981). The first and second stage larva are
free-living and are digested if ingested by a grazing animal.

The prepatent period for H. contortus is 18-21 days in sheep

and goats and 23-28 days in cattle.

EPIDEMIOLOGY
Optimally, conditions - for the survival and development of
H. contortus are relatively high temperatures and high humidity.
This has been summarised by Gordon (1948), as a monthly mean of

18°C and minimal monthly rainfall of 55 mm. Low temperatures



retard development whilst extreme heat causes desiccation. Under
9°C little or no development takes place although, pre-hatch eggs
appear to be more resistant to adverse conditions and can survive
freezing and desiccation more readily than other stages (Wharton,
1982).

The longevity of infective larvae depends primarily on the
humidity of the microclimate on the pasture and in the Kenyan
Highlands for example, at best is probably several months (Dinnik
and Dinnik, 1958) wunder prevaiiing cool and dry conditions.
Dinaburg (1944), 1in experiments carried out in the U.S.A. to
determine the outdoor survival of infective larvae, found that
the percentage of larvae recovered fell to about one percent of
the inoculum after 14 to 28 days outdoors in the summer, between
27 to 41 days in the winter, 42 to 56 days in autumn and 56 to 70
days in the spring.

In an evasive strategy to survive adverse weather conditions
i.e. cold or hot and dry, H. contortus larvae undergo hypobiosis
in the host. This arrested development of early fourth stage
larvae (ELQ) is seen in both the tropics and temperate areas.
Because environmental conditions suitable for the development of
infective 1larvae of H. contortus vary in different areas of the
world, the epidemiology of the disease shows distinct variations.
Broadly speaking these may be reviewed under the following
headings.

(a) Cold temperate areas such as the United Kingdom and

Holland.



(b) Warm temperate to subtropical areas such as Australia
and the Highlands of Kenya.
(c) Tropical areas with sharply defined wet and dry

seasons.

COLD TEMPERATE AREAS

The essential characteristic of the epidemiology of
Haemonchus 1in such areas is a prolonged period of hypobiosis of
the early L4 stage. Thus in Southern Britain, the proportion of
arrested larvae in sheep has been>found to increase in August,
reaching maximum numbers (100%) from October to March (Connon,
1971), while any larvae seen in April or May were found to be
developing normally. A rather similar observation was made by
Waller and Thomas (1975) in Northern Britain, except they
recorded that arrested larvae were seen as early as July and
maximum numbers (100%) were recorded by September.

The thrust of these observations as reported by Waller and
Thomas (1975) indicates that, in Britain and possibly Northern
Europe in general, the life cycle of H. contortus consists
predominantly of one generation per year, the majority of time
being spent within the host. Thus the bulk of the worm
population ingested in the summer is carried forward as inhibited
stages'to mature and contaminate the pasture the following spring
and early summer as part of the spring rise. The long intra-host
period is presumably an evolutionary adaptation to overcome
unfavourable conditions in the external environment.

This theory incidentally, is corroborated by earlier work



carried out by Connan (1971) who reported that haemonchosis had
occurred in housed sheep at the same time as in sheep at pasture,
presumably indicating that the worms in the adult housed sheep
were not recently acquired but carried over from the previous
year as inhibited larvae.

The environmental stimulus which "conditions" larvae to
undergo hypobiosis in the host is unknown and experiments have
given conflicting results. Connan (1975) concluded that the
seasonal inhibition of H. contortus in East Anglia was brought
“about primarily by an environmental stimulus acting upon the pre-
parasitic stages, but that unlike 0. ostertagi this was not
associated with falling temperatures.

In Canada H. contortus inhibition has been reported to
follow a period of exposure of infective larvae to autumnal
conditions (Blitz and Gibbs, 1972) and photoperiod apparently has
an influence also (Gibbs, 1973). Similarly, in New Zealand
(MﬁKenna, 1973) and The Netherlands (Cremers and Eysker, 1975),
inhibition has been shown to be induced by a period of cold
conditioning.

In contrast Connan (1975) found that the stimulus for
inhibition could be provided in a culture kept in the dark at
25°C for 12 days, while Eysker (1981), found that a very low
tendency for inhibited developmen; followed a seven or 12 day
culture period at 25°¢. Some of these differences may represent
differences in the strains of H. contortus (Eysker, 1981).

The stimulus which induces resumption of development, which

occurs at a time when environmental conditions are suitable for



the development of the free-living stages, is unknown. Possibly
it may be fixed for the phenotype of the parasite or
alternatively may depend on some physiological change in the host
associated perhaps with lengthening daylight. It is assumed that
resumed development is always correlated with a seasonal stimulus
(Eysker, 1978; 1981). In temperate areas such as Britain the
number of developing stages in sheep also increases with the

onset of warmer weather in April (Connan, 1978).

WARM TEMPERATE OR SUBTROPICAL AREAS

In such regions which are not associated with any prolonged
periods of drought, the necessity for hypobiosis as a factor in
survival is minimal. Thus Allonby and Urquhart (1975) reported
that although a small population of inhibited larvae were
observed intermittently in a flock of sheep in East Africa, no
obvious factor was found to account for them. Similarly, in
summer rainfall regions and areas with mild winters in Australia,
larval availability increases in late spring reaching maximum
levels after mid-summer and declines through the winter.
However, hypobiosis can occur in such areas and has also been
found to occur on the Highveld and Karoo regions of South Africa
from March onwards, presumably associated with the cold

temperatures of autumn/winter (Reinecke, 1983).

TROPICAL AREAS WITH DEFINED DRY SEASONS
The epidemiology of H. contortus infection in these areas is

more akin to that of cold temperate areas in as much as larval



hypobiosis plays a significant role, although the "trigger" is
presumably different.

Thus in Nigeria 1in calves it has been observed that the
numbers of arrested larvae increase from August onwards into the
dry season starting in October. In this way the parasite is able
to survive the hot dry season lasting from October until May
(Ogunsusi and Eysker, 1979). In Senegal Vercruysse (1984; 1985)
found in sheep, H. contortus survives the dry season i.e.
November to April, largely as hypobiotic larvae and similar
‘6bservations have been reported in the neighbouring Gambia by
Kaupfmann and Pfister (1990), who found that in calves almost
100% of the Haemonchus burden is present as inhibited larvae from
October to May i.e. the dry season.

The stimulus for resumption of development in.these areas is
again uncertain. In Northern Nigeria, developing stages start to
reappear at the onset of the rainy season which lasts from May
until October (Ogunsusi, 1979). |

Despite its ubiquity and importance, it is surprising that
so little precise information is available on the epidemiology of
haemonchosis 1in sheep. Perhaps it 1is the case that its
complexity was underestimated until approximately 20 years ago.

As far as the factors which precipitate actual clinical
diséase are concerned these are well known, at least 1in
principle, and have been summarised in a review by Armour (1980),
as follows. The first and most‘frequent is an increase 1in
infecting mass which is often associated with seasonal change and

occurs after at least one parasite generation. The second is



where the susceptibility of the existing stock is altered either
to the effects of an existing infection or to the acquisition of
new infections e.g. change in diet and stage of pregnancy and
lactation due to the periparturient relaxation of immunity. The
third occurs when susceptible stock is introduced to an infected
area, especially worm-naive young animals, but may also occur in
non—-endemic areas due to the introduction of infected stock. All

of these aspects are discussed in some detail later in this

review.

PATHOGENESIS AND CLINICAL SIGNS

Classically the pathogenesis of haemonchosis is that of a
moderate to severe acute haemorrhagic anaemia caused by the blood
sucking stages of the parasite i.e. fourth stage and adult
stages. The pathogenic effects are related to the intensity of
infection and youhg animals and those in a poor state of
nutrition are more likely to be severely affected than older
animals or their counterparts (Parkins and Holmes, 1989). These
effects include reduced productivity in tefms of weight loss or
reduced growth rates, agalactia and, in severe infections, death
(Allonby and Dargie, 1973). Whilst anaemia is associated with
many cases, diarrhoea is only a feature of the disease during the
so—called "self-cure" reaction (Allonby and Urquhart, 1975).

The pathogenesis of the anaemia has been described by Fourie
(1931), and Andrews (1942), who compared the development of the
anaemia in infected sheep with that induced by phlebotomy.

Essentially the results were similar, both approaches producing a
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normochromic or  hypochromic, macrocytic  anaemia. The
macrocytosis was associated with the release of immature red
cells or reticulocytes from the hyperplastic bone marrow.
However, in fatal cases, bone marrow failure occurred and was
associated with the development of a hypochromic microcytic,
anaemia.

All of these features indicate a haemorrhagic aetiology,
although subsequently Charleston (1964), also comparing infected
-and fhlebotomised sheep, noted the presence of macrocytic
megaloblastic normoblasts in the marrow of infected sheep and
concluded that there must also be impaired synthesis of red
cells.

Attempts to measure the actual blood loss caused by
H. contortus have been made by a number of workers (Martin and

Clﬁnies—Ross, 1934; Andrews, 1942; Clark, Kiesel and Goby, 1962).

The last authors used red cells radio-tagged with o1 39

Cr and Fe
and estimated that the blood loss started between six and 12 days
~after infection and that each adult removed between 0.034 and
0.31 ml of whole blood per day. Since then the subject has been
studied more extensively by Allonby (1973), Dargie (1973b) and
Dargie and Allonby (1975). They showed that an 1initial rapid
drop in the packed cell volume (PCV) was followed during the next
six to 14 weeks by a period when the PCV was maintained at a
steady but lower than normal level. This was followed by a rapid

drop in PCV terminating in death. They explain these processes

as occurring progressively due to a time lag between the initial
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blood loss and a stimulation of the erythropoetic system, a
period of continued compensation by erythropoesis, and
dyshaemopoesis resulting from iron deficiency due to tﬁe rapid
plasma iron turnover, the loss of iron in faeces (>10 mg daily)
and the animals' limited ability to reabsorb iron from the
intestine. If serum iron falls to levels of less than 40 ugZ,
erythropoesis cannot take place, the haematocrit falls and the
animal dies.

Infected animals may lose large quantities of serum proteins
into the gut due to the blood sucking habits of the parasites.
Dargie (1975), reported that the mean daily faecal clearance of
plasma can be up to 210 - 341 ml/day when estimated from the

losses of 131

I-labelled polyvinylpyrolidone. Albers and Le
Jambre (1983), reached similar conclusions, but also established
that there was a good correlation between erythropoesis as

measured by 39

Fe clearance from the blood and erythrocyte
potassium concentration (r=0.79 P<0.0010).

Although there 1is a continual loss of albumin associated
with haemonchosis, only a mild hypoalbuminaemia may develop.
However, 1in severe cases the metabolism of albumin may increase
four-fold and serum albumin levels fall to less than 1 gZ.

In practice, the clinical signs of H. contortus infection
may be divided into three syndromes i.e. hyperacute, acute and
chronic (Allonby, 1973).

The hyperacute syndrome is uncommon and is associated with a

sudden massive infection. It is characterised by sudden death in

previously heélthy sheep due to haemorrhagic gastritis. At
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necropsy, 10,000 - 35,000 L5 or immature adults may be found in
the faeces since death commonly occurs during the prepatent
period (Soulsby, 1968).

The acute syndrome is more common and is the result of
susceptible sheep ingesting moderate numbers of infective larvae
so that 1,000 - 10,000 adults mature in the abomasum. This
disease is characterised by anaemia, variable degrees of oedema,
especially the submandibular form and ascites, agalactia in ewes,
»lethafgy, dark coloured faeces and.falling wool. The oedema is a
result of hypoproteinaemia and faecal egg counts are high and may
reach 10,000 eggs per gram (e.p.g.) (Soulsby, 1968; Urquhart
et al, 1987).

The chronic form of the disease, only first described about
20 years ago (Allonby, 1973), is almost certainly very common and
probably 1is the form of most considerable economic importance.
It 1is a result of repeated infection with fairly low numbers of
infective larvae leading to the presence of 100 to 1,000 adult
Haemonchus in the abomasum. Although morbidity is 100%,
mortality is wusually low and this syndrome wusually leads to
unthrifty, weak, emaciated animals in which neither severe
anaemia nor gross oedema are present., It is commonly seen during
a spell of prolonged dry weather when the pasture is of poor
quality and has been postulated to be the result of an
interaction between prolonged though small, blood loss during a
lengthy period of poor nutrition (Allonby and Urquhart, 1975).

The role of nutrition in predisposing to haemonchosis has
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been a subject of some controversy for the past half century. In
1933,‘ Clunies-Ross and Gordon showed that acquired resistance to
haemonchosis in aged sheep could be reduced by feeding a low
protein diet.

The results of a subsequent experimental study by Kates and
Wilson (1955), concluded that high protein diets altered the
pathogenic effect of ovine haemonchosis. However, this
conclusion was disputed by Abbott (1982), who calculated that the
"high" and "low" protein diets in- this earlier study were both
."high protein" although the former had a higher energy content.
She also thought that the small improvements in food conversion
ratios observed between the infected and control sheep were
unlikely to be significant.

In 1978, Preston and Allonby investigated the effect of high
and low proteinbdiets on haemonchosis in two groups of six sheep
infected with a single dose of 350 H. contortus larvae/kilogramme
body weight. While faecal output was similar in both groups, the
one on the low protein diet had higher faecal egg counts and
showed more severe clinical disease. Although they concluded
that the clinical signs were due to a greater establishment of
adult worms, no necropsies were carried out.

It has also been shown experimentally that in Scottish
Blackface lambs dietary protein diq not significantly influence
the establishment of the parasite, while Finn-Dorset lambs on a
low protein diet had significantly higher faecal egg outputs four
weeks after infection and more severe clinical signs (anaemia,

hypoproteinaemia and hypoalbuminaemia) than similarly infected
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lambs on a high protein diet (Abbott, Parkins and Holmes, 1985).

Unlike many gastrointestinal nematode infections,
haemonchosis does not normally seem to be associated with
anorexia as an indirect cause of "poor nutrition”. Thus Allonby
and Dargie (1973) in a study of weight loss in sheep infected
with H. contortus, concluded that the losses observed in the
infected animals were not due to anorexia, since these sheep were
consuming more food than the controls. Thus, the weekly nitrogen
.intake of the infected and control animals was 42.5 and 38.7 kg
respectively. They suggested that "during the period of induced
growth, the infected sheep entered a state of reduced N balance
due to the increasing loss of urinary and faecal nitrogen. This
indicated that, not only are such sheep unable to reabsorb all
the nitrogen lost into the gut as a result of plasma leak, but
that they actually mobilise tissue protein in order to supply the
constituents necessary for the synthesis of physiologically more
important molecules such as albumin and haemoglobin"”.

The most recent work is that of Abbott (1982), who
investigated, under controlled experimental conditions, the
influence of nutrition on the establishment and
pathophysiological consequences of H. contortus infection in
sheep using radioisotope tracers as well as conventional
biochemical, haematological and parasitological techniques. She
found that 1lambs aged four months on a low protein diet and
repeatedly infected with 200 L3/kg body weight, suffered from

clinical haemonchosis and had higher worm burdens at slaughter
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than 1lambs on a high protein diet. The principal finding was
that many of the' lambs fed a high protein diet developed
resistance to continuing infection, and she suggested that the
high worm burdens in lambs fed the low protein diet might
indicate an imparied immune response in these lambs. She
concluded that the lambs on the low protein diet were less able
to develop an acquired resistance due to a delay in the onset of
immunological competence. Abbott (1982), also concluded that the
depressed productivity associated with ovine haemonchosis 1is
‘probably the result of a combination of reduced feed intake and
increased energy requirements for blood and tissue regeneration,
rather than a failure to absorb the blood protein lost into the
abomasum as suggested by Allonby and Dargie (1975).

Information on the effects of H. contortus on production in
sheep is not very extensive. Under experimental conditions,
Barger and Cox (1984), found that relatively mild effects on live
weight gains and wool growth resulted from chronic infection and
suggested that mortalities induced by acute infections may
represenﬁ some of the most important economic effects
attributable to the parasite. These results (Barger and Cox,
1984), were similar to those obtained in field studies by Allonby
and Urquhart (1975), where low worm burdens, anaemia and
progressive weight loss éccompanied the chronic form of
haemonchosis in Kenyan sheep. They found that a moderate
infection of a few hundred worms persisting over a period of
several months would produce chronic anaemia and ultimately,

severe loss of body condition and death in ewes and lambs grazing
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on poor quality pasture.

DIAGNOSIS

History and clinical signs are usually sufficient for the
diagnosis of H. contortus infection in sheep especially when
coupled with faecal examination to detect frequent high egg
counts and to allow larval identification after culture.
However, definitive diagnosis can only be made by necropsy of a
representative clinical case.

Thé following description is adapted from that of Allonby
(1973).

The hyperacute syndrome, which 1is relatively uncommon,
usually presents as sudden deaths in a small proportion of the
flock after a long spell of warm humid weather. Otherwise
clinical signs if observed, are those of dullness, severe anaemia
and dark coloured faeces. The faecal worm egg counts range from
zero, if the worms have not reached patency, to 400,000 e.p.g.
At necropsy, the abomasum contains 10,000 to 35,060 adult or
immature worms and shows all the signs of a severe haemorrhagic
gastritis. The mucosa is extremely petechiated due to multiple
"bite" marks and may even be eroded. Section of the long bones
usually shows a modest expansion of the red marrow.

The acute syndrome is characterised by dullness, anaemia,
sub-mandibular oedema and possibly ascites. The faeces are dark
coloured and ewes may become agalactic. Faecal worm egg counts
range from 1,000 to 100,000 e.p.g. At necropsy, the typical

petechiae are present, usually associated with oedema of the
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mucosal folds and the presence of several thousand adult worms.
Section of the long bones usually shows marked expansion of the
red marrow into the medullary cavity.

The chronic syndrome is not necessarily associated with wet
weather and indeed is more prevalent during a prolonged spell of
dry weather when the nutrition becomes poor. It is mainly
characterised by weight 1loss or poor growth rates and only a
modest degree of anaemia. Faecal egg counts are 1low, under
‘2,0007e.p.g. Clinically, the | syndrome 1is difficult to
distinguish from one caused by pbor nutrition per se. At
necropsy, up to 1,000 adult worms may be present in the abomasum
and the mucosal folds are thickened. In the long bones, the red
marrow may be expanded, although if iron deficiency is present,
the marrow may be gelatinous. Larval culture and identification
may be performed if thought necessary, especially in cases where
faecal egg counts are very low.

In general, the histopathological 1lesions seen in
H. contortus infection in sheep include, infiltration of the
mucosa by lymphocytes, eosinophils, mast cells and IgA plasma
cells together with an apparent increase in the production of

mucus (Salman and Duncan, 1984; 1985).

TREATMENT
Currently, a wide range of drugs are available for the
treatment of haemonchosis. These include the benzimidazoles, the
pro-benzimidazoles, levamisole and the avermectins e.g.

ivermectin (Anon, 1990). All of these drugs are highly effective
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against H, contortus, having efficacies of 95% to 99%.

Generally it 1is wunwise to wait until an outbreak of
haemonchosis has occurred before instituting drug treatments.
However efficient and rapid an anthelmintic is at expelling
worms, the attendant loss of productivity whether in terms of
lamb growth, meat, milk or wool production is not immediately
rectified and is financially costly. Also, by the time clinical
signs are apparent, the pastures have often become heavily
contaminated with developing eggs and larvae. For example, Le
Jambre (1978b), pointed out that, 'at the time of treatment, the
number of parasites within the host approximates only 3% of the
total parasite population and thus the chances of reinfection are
very high. The current trend therefore is to use anthelmintics,
whenever possible, in a prophylactic fashion i.e. to institute
treatment before overt clinical signs are apparent. The efficacy
of  treatment may be affected by the development of acquired
resistance to anthelmintic drugs and this is discussed in the

next section.

CONTROL
Attempts to control haemonchosis have depended on three
strategies i.e. chemoprophylaxis, genetic  selection for
resistance and artificial immunisation. In this section only the
first two are reviewed, the third being discussed in the

following section on immunity.
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CHEMOPROPHYLACTIC CONTROL

Chemoprophylaxis is currently the only practical approach to
the control of the disease and depends essentially on repeated
anthelmintic treatments during that part of the year when
epidemiological conditions are suitable for the development of
the infective larvae on pasture. Where the threat of
haemonchosis is serious and prolonged, it has been advocated, at
least until the 1last few years, that the drugs should be
administered at intervals of three weeks or less, the prepatent
‘period of Haemonchus, so that the pasture contamination by eggs
and larvae is largely eliminated; in practice, it is more useful
to depend on dosage at monthly intervals. Traditionally, in
areas of intensive sheep rearing, broad spectrum drugs have been
used which also control other pathogenic nematodes such as

Ostertagia and Trichostrongylus.

This approach although expensive in terms of labour and cost
of drugs, was used successfully until the early 60's when reports
of reduced drug efficacy due to the acquisition of drug

resistance by gastrointestinal nematodes, especially

Haemonchus contortus, started to appear. Among the earliest
reports, was one by Drudge, Szanto, Wyant and Elam (1964), who
reported a resistant strain of H. contortus just three years
after ﬁhe commercial release of thiabendazole. Since then, drug
resistant strains of H. contortus have been widely reported in
the summer rainfall areas of Australia, in South Africa, Brazil

and Uruquay and to a lesser extent in Europe and North America

(Waller, 1986).
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Resistance can be defined as a significant increase in the
level of tolerance to a drug i.e. an increase in the number of
individuals within a population able to withstand doses of a
compound which would prove lethal to the majority of individuals
in a normal population of the same species (Prichard, Hall,
Kelly, Martin and Donald, 1980). This leads to a poor clinical
response to anthelmintic treatment by which time selection for
resistance has already occurred.

.Resistance is largely confinéd to the benzimidazole group of
anthelmintics and in Australia is estimated to occur in 68% of
farms (Anderson, Martin and  Jarrett, 1988). Levamisole
resistance has also been reported toba lesser extent in Australia
(Green, Forsyth, Rowan and Payne, 198l; Anderson et al, 1988),
and more recently ivermectin resistance has been described in
South Africa (van Wyk and Malan, 1988), and Brazil (Echevarria
and Trindade, 1989).

It seems to be generally agreed that drug resistance is most
likely to develop when a drug is used frequently and Donald
(1983) has stated that selection pressure increases dramatically
if the treatment intervals approach the prepatent period of
Haemonchus i.e. the basis of the control schemes commonly
practised in Australia (Johnson, Darvill, Bowen, Brown and Smart,
1976; Johnson, Darvill, Bowen, Butler, Smart and Pearson, 1979),
and elsewhere. Under such regimens, only resistant strains of
nematodes are likely to survive. Another factor which favours

the development of drug resistance is the practice of dosing to
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the average weight of the flock rather than to the heaviest
animals in the flock (Edwards, Wroth, de Chaneet, Besier,
Karlsson, Morcombe, Dalton-Morgan and Roberts, 1986), resulting
in the use of sub-optimal dose rates in a number of animals.

In general the more effective a treatment programme is and
the more its effectiveness depends on anthelmintic efficiency,
the greater the potential for development of anthelmintic
resistance.

The occasional administration of drugs to clinical cases of
-E; contortus infection is the form of treatmeht least likely to
select for resistance as the adult (reproducing) population that
may be resistant does not last long after treatment in the face
of rapid reinfection and hence contributes little to pasture
contamination (Prichard et al, 1980).

Strategies recently advocated in Australia to minimise the
effect of anthelmintic resistance have included the use of a
single drug until it fails followed by another (Le Jambre,
Southcott and Dash, 1977), and a slow rotation at approximately
yearly intervals between anthelmintics with different modes of
action (Prichard et al, 1980).

Strategic control 1is based on the administration of drugs
when parasites are at their lowest level on pasture or when the
weather 1is against the survival of the free-living stages ‘and
results in a decrease in pasture contamination. Recently, two
successful programmes have been introduced in Australia which
rely for their effect on their strategic nature i.e. the "Worm

Kill" and "Drench Plan" control programmes (Dash, Newman and
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Hall, 1985; Waller, 1986); Both rely on the limited use of broad
spectrum anthelmintics to control gastrointestinal nematodes such

as Ostertagia and Trichostrongylus species, thus delaying the .

onset of resistance, and the use of the narrow spectrum drug
closantel (Seponver(R)) which is specifically effective against
the haematophagic H. contortus and is used exclusively when
haemonchosis alone 1is a threat. Closantel has additional
advantages 1in that it also has efficacy against liver fluke and
nasal bots.

The basis of the Australian “"Worm Kill" programme which 1is
designed for August lambing is that three doses of Seponver(R)
are administered; one on the lst of August, the second on the lst
of November and the third on the lst of February. The first dose
is given to ewes as a pre-lambing dose and though the

(R)

manufacturers claim that Seponver has a 100%Z prophylactic
effect on H. contortus for four weeks, in practice scientists
associated with the Department of Agriculture, New South Wales,
Australia found that it gives effective control for 12 weeks due
to its residual effect (Davidson, 1985).

The second dose given in November, 1is administered to both
ewes and lambs and the third dose given three months later 1in
February is also administered to both ewes and lambs.

This technique  almost  completely prevents pasture
contamination during the critical months of August to February

without the need for repeated monthly drenching (Davidson, 1985).

Broad spectrum anthelmintics to  control OQOstertagia and
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Trichostrongylus species are administered in November  and

February and the inclusion of suitable grazing management 1i.e.
two pasture changes to "low worm" pasture at the time of the

(R)

second and third doses of Seponver ensures the success of the
programme. This programme may be classified as a form of
"Integrated control" i.e. the use of anthelmintic treatment
coupled with the relocation of stock to a "safe" pasture i.e.
that with a relatively low helminth infectivity (Prichard et al,
1980).
\ As a result of the "Worm Kill" programme, H. contortus has
virtually disappeared from farms that have been following the
programme for two successive years and‘a maintenance programme
"Worm Kill 2" has now been initiated. In this programme
Seponver(R) is wused only twice per year, whilst the broad
spectrum drench treatments remain the same (Davidson, 1987).

However, there are two possible disadvantages of the "Worm
Kill" programme. Firstly the likelihood of the development of
resistance to closantel and secondly, whilst the programme is
currently ideal for wool sheep, 1its use in meat producing lambs
would be restricted due to drug residues in the tissues.

As a result of the evolution of parasites resistant to

available drugs, more and more attention has been drawn towards

alternate means of control.

GENETIC CONTROL
The control of H. contortus infections in sheep through

genetic selection has been proposed by several authors. Most

24



publications concerned with haemonchosis in sheep are based on
observations in wool producing Merino sheep and it is surprising
that over the last few centuries, the breed has not developed a
better resistance against H. contortus comparable to the immunity

of adult sheep to Ostertagia and Trichostrongylus species. It

may be that the constant availability of relatively efficient
anthelmintics over the years, has resulted in little conscious
selection of animals for resistance to the disease. The genetics
of resistance will be covered under two headings namely Influence

of haemoglobin (Hb) type and Breed susceptibility.

Influence of Haemoglobin Type

Some evidence that a small degree of selection may have
occurred naturally, has been documented by Evans and Blunt
(1961), who showed that the gene frequencies of the haemoglobin
types of Romney Marsh and Southdown sheep in Australia were
predominantly Hb A, whereas the original stock in the nature
British environment was predominantly Hb B.

Evans, Blunt and Southcott (1963), suggested that Hb types
were indicators of adaptation by' sheep to venvironmental
conditions e.g where high infection rates with H. contortus were
a major factor, and demonstrated that adult worm burdens were
smaller in sheep with Hb A than in those with Hb AB after
infection with the parasite, although there were no significant
differences in the haematological indices of the two haemoglobin
types.

A relationship between Hb types and packed cell volumes
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(seasonal maximum haematocrit) in grazing sheep was shown by
Evans and Whitlock (1964), where mean packed cell volumes for
sheep with Hb A were greater than in sheep with Hb B and sheep
with Hb AB had intermediate values.

Haemoglobin types are genetically determined and once
established the adult type in a sheep does not change (Jilek and
Bradley, 1969). These authors and Radhakrishnan, Bradley and
Loggins (1972), found that Florida Native ewes had a . high
frequency of Hb A and were adapted to the environment and
itherefore postulated that Hb A was found in sheep adapted to the
adverse environment existing in Florida: they also reported that
sheep with Hb A were more resistant to parasites than sheep with
Hb B and that besides the higher frequency of Hb A sheep, those
sheep had higher Hb concentrations and packed cell volumes and
lower faecal egg counts than Rambouillet ewes.

Allonby and Urquhart (1976), found, in a study conducted on
the performance of set-stocked Merino ewes and lambs in relation
to their haemoglobin phenotypes, that those sheep with Hb A
showed "self-cure” more frequently,  had the highest
haematological parameters and the heaviest body weights, whilst

the Hb B type sheep were consistently lowest.

Breed Susceptibility

The influence of breed on the susceptibility of sheep to
haemonchosis has been studied by several workers. Bradley,
Radhakrishnan, Patil-Kulkarni and Loggins (1973), found that

Florida Native lambs were more resistant than Rambouillet lambs,
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as indicated by the higher packed cell volumes and greater weight
gain, as well as the lower number of adult parasites recovered at
necropsy in the Florida Native lambs.

Preston and Allonby (1978; 1979), compared the
susceptibility to H. contortus infections of six sheep breeds in
East Africa and found that the Red Maasai was the most resistant
sheep breed, as judged by faecal egg counts and anaemia, and they
observed that clinical cases of acute haemonchosis in this breed
were - rare. The increased resistance of this indigenous East
‘African breed may be a result of natural genetic selection in an
endemic area as the Red Maasai sheep were shown to achieve higher
mean levels of anti-larval IgA antibodies than Merinos (Preston
and Allonby, 1979).

Differences in susceptibility to H. contortus infection are
greater between breeds than between Hb phenotypes within a breed.
This was studied extensively by Altaif and Dargie (1978a; 1978b)
using the Scottish Blackface and Finn-Dorset sheep. They found
that, though sheep of both breeds homozygous for Hb A showed
lower worm burdens and reduced effects of parasitic infection
than sheep homozygous for Hb B, Scottish Blackface sheep of the
same haemoglobin type as the Finn-Dorsets displayed less severe
clinical and pathological effects and fewer worms and eggs were
recovered from them as compared with the Finn-Dorsets. This they
éuggested, indicated that genetic factors operate in determining
resistance and that the genetic resistance observed was directed
against parasite establishment and was controlled by the immune

response elicited.
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A breed variation was also shown in Yugoslavia, where lambs
and adults of three breeds of sheep (Cigaja, Merino Karkaz and
Merino Prekos) were grazed together for several months on
contaminated pasture. As measured by faecal egg counts, all
lambs appeared susceptible. However the mean faecal egg counts
of the Cigaja and Merino Prekos adults were almost persistently
negative throughout the year, even after just one previous season
of exposure to H. contortus (Cvetkovic, Lepojev and Vulic, 1973).

in more recent studies of foﬁr breeds of sheep, namely the
Florida Native, the St. Croix, the Barbados Blaékbelly and
domestic sheep it was found that, based on faecal egg counts and
packed cell volumes, the St. Croix lambs were the most resistant
followed by the Florida Natives and the Barbados Blackbelly,
whilst the domestic sheep were the least resistant (Courtney,
Parker, McClure and Herd, 1985). These breed differences were
found to be most pronounced in young lambs, with the domestic
lambs being better able to resist secondary infections after
sexual maturity.

Artificial selection and breeding for genetically resistant
animals under natural infection, has been underway since 1978
(Gray, 1987). Australian workers have been heavily involved in
the selection of genetically resistant Merino sheep based on
individuals rather than breed and as such the progress has been
slow. ‘

Evidence of genetic resistance has been based on numbers of

worms in sheep at necropsy, faecal egg output (e.p.g.) and

28



anaemia as measured by PCV. Under experimental H. contortus
infection Gray (1987), reports that resistance has a moderate
heritability i.e. to the order of 0.3 and resistance traits in a
flock could increase by 6% per year given that variation of
resistance with a flock is 40% and selection intensities for
males and females are 5% and 30% respectively. Although a
possibility, this increase in resistance would take some time td
be achieved. The dependence on the selection of individual
animals for the development of worm-resistant sheep is a major
‘éonstraint and could largely be removed if there was "an entire
breed which is resistant and has already evolved, at least to
some degree, for meat production, such as the Red Maasai sheep of

East Africa" (Urquhart, 1988).

IMMUNITY TO H. contortus

Since the experimental section of this thesis is concerned
with the possibility of a protective immune response being
stimulated by the surface antigens of H. contortus infective
larvae, the literature relating to immunity is reviewed in rather
greater detail.

Since the first attempt by Stoll (1929) to vaccinate sheep
against H. contortus by the intraperitoneal injection of
infective larvae, there have been intermittent reports of
attempts to induce immunity, but for one reason or another none
of these attempts have had any practical consequences. However,
within the past ten to 15 years, stimulated partly by the

possibilities opened up by recombinant technology and partly by
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the increasing problem posed by the acquisition of anthelmintic
drug resistance by H. contortus, there has been renewed interest
in this area.

As noted earlier in this review, the knowledge of the immune
responses of sheep to H. contortus is still rudimentary and the
possibilities for immunisation are not very encouraging. In
practical terms the situation is best summed up by Gordon's
observations (1948; 1950), that Merino sheep in Australia acquire
no immunity to H. contortus infection and are susceptible

Ffﬁfaﬁghoﬁﬁ’théif“éﬁtifé"IYGéE?”

A similar observation was made by Allonby and Urquhart
(1975) in Kenya, who observed that under natural conditions
Merino ewes did not appear to develop a significant degree of
immunity to the infection since on two occasions, over a period
of 21 months, when it was known from tracer lamb worm burdens
that large numbers of H. contortus larvae were available on
paéture, heavy infestations in adults were rapidly established.

Despite these observations, which were confined to Merino
sheep exposed to natural infection from birth, it was shown that
Down Lambs (Manton, Peacock, Poynter, Silverman and Terry, 1962)
and lambs of the Scottish Blackface breed (Urquhart, Jarrett and
Mulligan, 1962) could be readily vaccinated against a single
experimental challenge using either primary infections of normal
or X-irradiated larvae so that challenge worm burdens were
reduced by 98%. Subsequently, Smith and Christie (1978), found
that the administration of two vaccinations of irradiated

H. contortus larvae to 9-month old Scottish Blackface cross lambs
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conferred protection against challenge with 10,000 normal larvae,
whilst 7-month o0ld Scottish Blackface 1lambs vaccinated with
infective H. contortus larvae attenuated by irradiation at 60 kr
acquired a striking resistance to challenge with 10,000 infective
larvae. This resistance was accompanied by stunting of the
challenge larvae recovered six ' days after challenge, thus
indicating that at least é;rt of the protective effect of the
vaccination was directed against the larval stages of the
challenge infection (Smith and Christie, 1979).

.UﬁfArtunately, this level of écquired resistance was only
found in lambs aged over seven or eight months of age (Jarrett,
Jennings, McIntyre, Mulligan and Sﬁarp, 1959; Manton et al, 1962;
Urquhart, Jarrett, Jennings, McIntyre, Mulligan and Sharp, 1966a;

Benitez-Usher, Armour, Duncan, Urquhart and Gettinby, 1977;

Neilson, 1975; Smith and Christie, 1979).

AGE RESISTANCE

al (1962) found that age was an important factor

Manton et
in the ability of sheep to resist reinfection with H. contortus.
Under experimental conditions using two age groups of sheep (2-4
months and 10-12 months), it was seen that primary infections
produced similar results in both groups namely reduced
haematocrit values, haemoglobin levels and erythrocyte counts,
but while subsequent infections resulted in consistently low
haematological and high parasitological parameters in the young
lambs, there was no marked drop in blood values and egg counts

remained low in the older group of sheep. Abomasal worm counts
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also showed an age variation with the young lambs producing
consistently high worm burdens, whilst the older sheep showed
very highly significant reductions in worm burden when compared
with their respective controls. ‘

Urquhart et al (1966a) found that the oral administration of
10,000 H. contortus larvae irradiated at 40kr, once or twice to
three month old Blackface lambs, did not confer any protection
against a challenge infection with 20,000 normal larvae one month
.after vaccination. Subsequent stu&ies (Lopez and Urquhart, 1967)
on worm-free Merino lambs aged six to seven months which were
vaccinated with X-irradiated larvae on two occasions at monthly
intervals also failed to demonstrate any evidence of protection
against challenge. However, a group of seven Merino sheep reared
worm-free until two years of age and subjected to the same
regimen of vaccination were almost solidly protected against a
challenge of 10,000 larvae compared to a group of control sheep
(i.e. a mean of 61 + 69 worms compared to 2,550 + 1;629).

All of these results, taken together, have led to the
hypothesis that lambs, due to immunolog;cal immaturity, are
unresponsive to H. contortus infection until they are over seven
months old (Duncan, Smith and Dargie, 1978). It has been
suggested that if lambs are exposed to infection during this
unresponsive period they fail, in subsequent life, to develop an
adequate immunit& due to a permanent suppression of their immune
system to the protective antigens of H. contortus (Urquhart,

1980), although clear experimental proof of this hypothesis is
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still lacking. The reason for this age related unresponsiveness
is not known and is difficult to understand because neonatal and
even foetal lambs are capable of mounting protective immune
responses against various viral and bacterial infections (Smith,
Jackson, Jackson and Williams, 1985). In a small 1laboratory
animal model however, it has been shown that young rats up to the
age of six weeks show a diminished response to infection with
Nippostrongylus brasiliensis (Jarrett, 1971). Moreover, if they
are repeatedly infected during this period and into adult life,
‘they remain immunologically incompetent and fail to eliminate
their challenge infection beyond a certain threshold level.

| Sinclair (1970), queried whether this unresponsiveness in
young animals was due to stimulation of the host by some helminth
antigens and not others. More recently, vaccination experiments
have been carried out using various somatic, metabolic or
excretory-secretory antigens obtained from larval and adult
Haemonchus, with varying degrees of success. These antigens can
be referred to as "hidden" antigensvand comprise those parasite
antigens that the host animal is notvnormally exposed to, such as
somatic antigens obtained by homogenisation of the parasite or
those parasite antigens that are only transiently present such as
the stage specific cuticular proteins.

Neilson (1975), showed that vaccination of 3-month old lambs
with functional metabolic products released by H. contortus third
and fourth stage larvae during in vitro culture, did not confer
any protection against challenge with 3,000 L3, though

circulating antibodies which reacted with four of the larval
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products were present in the serum. In contrast, vaccination of
sheep with a high molecular weight fractionated extract of
somatic antigens of H. contortus and concentrated excretory-
secretory fluids obtained by the cultivation of third larval
stages in vitro, produced partial protection in lambs aged under
six months i.e. a 59% reduction in adult worm burden was observed
in vacinates when compared with the controls (Neilson and Van De
Walle, 1987).

A purified metabolite of exshéathed H. contortus L3 isolated
and concentrated from culture fluid during exsheathment was used
as a vaccine in an attempt to protect young lambs aged less than
four months against subsequent infection. Whilst the vaccine did
not protect the lambs from succumbing to infection, there seemed
to be an inhibition of worm egg production (Boisvenue, Galloway
and Hendrix, 1987). Recently also, young sheep approximately six
months and younger have been induced to gain some degree of
protection against experimental infection with normal Haemonchus
larvae after the administration of a protein fraction extracted
from adult H. contortus (Munn, Greenwood and Coadwell, 1987).
Local presentation of antigen is also important for potent
expression of protective immunity against gastrointestinal
nematodes (Rothwell and Griffiths, 1977).

Failure to successfully vaccinate sheep against H. contortus
infection with secretions or tissue extracts of the parasite may
be due to several factors. These include administration of

insufficient or inappropfiate material, insufficient time allowed
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between vaccination and challenge for the development of acquired
immunity and inappropriate route of injection (Adams, Beh and
Davies, 1982).

Apart from these attempts to develop a form of practical
immunisation against H. contortus infection, considerable effort
has been devoted to the study of the immhnological mechanisms
which can enable sheep to develop immunity to this parasite.

One of the earliest reports is that of Stewart (1953) in
Australia who studied the "self-cure" reaction of sheep to
‘HL~conCOrtus. The -term "self-cure" was first introduced by Stoll
(1929), but was only described in detail by Stewart (1953), who
defined the reaction as "the exéulsion of an existing population
of adult H. contortus a few days after challenge with relatively
large numbers of infective larvae".

Stewart (1953), showed that the "self-cure" reaction was
precipitated in an animal harbouring a population of adult worms
by intake of a new dose of infective larvae and that “self-cure"
did not occur in all infected sheep challenged with larvae, but
was most likely to occur in animals which had had several
previous infections with the parasite. He also showed that in
some cases the adult worm population was largely eliminated, in
others the "self-cure" reaction was partial and sometimes all
that was produced was a transient suppression of egg production.

Stewart (1953) also suggested that "self-cure" was not

completely specific e.g. when sheep infected with both

H. contortus and Ostertagia spp were challenged with H. contortus

larvae, adults of both species were expelled and when the "self-
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cure" took place in the preéence of T. colubriformis in the small

intestine the adults of this species were also eliminated: this
indicated that both parasite species need not be in the same

locus however, intake of larvae of T. colubriformis, a small

intestinal nematode, did not trigger "self-cure" of the abomasal
parasites.

This phenomenon is of considerable value to the grazing
animal as it is able to get rid of a substantial proportion of
its adult parasite burden (Sfewart, 1953). However, since the
sheep wusually offers ﬂo resistance to the development of a
challenge infection, one wonders if this "immune" reaction is in
fact an evolved adaption of benéfiﬁ to-both the host and parasite
i.e. the host gets a few weeks respite from the haematophagic
activities of the adult worms, but in return there is replacement
of the old population of aduits with youngivigorous males and
females (Urquhart, 1980).

The stimulus for the "self-cure" reaction is ‘unclear but
Soulsby, Sommerville and Stewart (1959), were able to induce the
reaction experimentally and suggested that it is initiated by
substances released when third stage larvae undergo the third
ecdysis; That the reaction is dependant on antigens from living
larvae acting locally is indicated by the fact that living larvae
injected intraperitoneally or dead larvae given orally failed to
induce it (Soulsby, 1968). "Self-cure" is accompanied by a
transient rise in blood hibtamine, increase in complement fixing

antibodies and intense mucosal oedema in the abomasum, suggesting
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an anaphylactic reaction (Stewart, 1953). None of these
reactions were shown in animals failing to show the '"self-cure”
reaction. This pioneering work of Stewart has been the basis of
much subsequent study on the role of such agents as reaginic
antibody, mucosal mast cells and goblet cells in helminth
immunity in both sheep and laboratory animal models.

There is however, evidence to suggest that the "self-cure"
reaction is not always immunologically based. Allonby and
Urquhart (1973) found that "self-cure" as judged by a dramatic
‘fall in- faecal egg count and loss of adult worm burdens, waé
found simultaneously in sheep on infected pasture and in sheep
grazing on parasite-free pasture. They found that  this
phenomenon occurred after a period of significant rainfall and
suggested that as a flock phenomenon, new pasture growth might
play a role in initiating "self-cure" as this was the only common
factor between the two flocks.

Protective immunity to H. contortus in sheep operates
against various stages in the life of the parasite and perhaps
the most important form of immunity 1is that acting against
settlement in the host of incoming larvae (Adams, 1988).

In 1966 Bitakaramire showed that the immune response to
Haemonchus was specifically directed against the third and fourth
stage larvae, a result supported by Adams (1982), who, while
working on the effects of corticosteroids on immunity, found that
acquired immune responses were more important in controlling
infection than innate mechanisms and that these responseé

appeared to be directed at the incoming third stage and
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established fourth stage larvae. In an experiment involving
vaccination of sheep with X-irradiated H. contortus third stage
larvae followed by challenge with normal larvae, Bitakaramire
(1966) recovered no worms beyond the fourth larval stage from
13 of the 14 vaccinated sheep allowed to survive for six or more
days after challenge. Furthermore, the combined numbers of third
and fourth stage larvae recovered on Days 3 and 6 were markedly
reduced when compared with those from unvaccinated sheep. It was
.concluded that the "protective“ antigens i.e. those that
stimulated resistance to reinfection, were deri&ed from the third
or fourth stage larvae or from the third moult.

A similar result was reported by Miller, Jackson, Newlands
and Appleyard (1983a), who termed the phenomenon ‘"rapid
expulsion" and reported that within 48 hours after challenge the
vast majority of H. contortus larvae administered to hyperimmune
sheep cannot be recovered from the surface of the abomasal mucosa
or detected in sections of the mucosa i.e. they had been expelled
from the abomasum.

Although the possibility that antibody may play a
significant role in the immune response to gastrointestinal
nematodes in small laboratory animal models has been demonstrated
(Wakelin, 1978), passive protection by serum transfer has not
been reported for such nematodes in ruminants. However increased
levels of parasite specific antibodies, primarily IgA, have been
describéd in the abomasum of H. contortus infected sheep (Smith,

1977), and its potential importance in immunity is suggested by
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its relative absence from the mucosa of susceptible lambs when
compared with resistant young adult sheep after both groups had
been vaccinated with irradiated H. contortus larvae (Duncan
et al, 1978).

Smith and Christie (1978), found that resistance to
reinfection with H. contortus larvae was also associated with
increasing concentrations of IgG anti-larval antibody in the
serum as well as IgA and IgG antibodies in abomasal mucus. They
suggested that the presence of -these anti-larval antibodies
ndemonst:ated ~an association- between the protection conferred by
the 1irradiated vaccine and the antibodies. It was also noted
that secondary antibody responses occurred after challenge and
this was attributed to the vaccination priming the abomasal
mucosal IgA system (Smith and Christie, 1978; 1979). 1In this
connection Charley-Poulain, Luffau and Perry (1984), found that
primary infections in seven month old female sheep did not result
in an increase in anti-larval antibodies in the serum or abomasal
mucus; however after a challenge infection, IgA, IgG and IgM
serum antibody levels rose slightly. In contrast, the IgA
antibody level in the. abomasal mucus rose rapidly after the
challenge infection and it was suggested that IgA anti-larval
antibody in the mucus may be involved in the "self-cure" reaction
by inducing adult worm expulsion, as its level diminished rapidly
after worm expulsion.

A second antibody isotype, whose role has been extensively
explored in immunity to gastrointestinal helminthiasis, at least

in laboratory models, is the anaphylactic or reaginic antibody,
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IgE, which has a high affinity for mast cells. It is well
established that high levels of circulating IgE are invariably
associated with helminth infections but to date attempts to
determine their protective role in immune expulsion have been
inconclusive (Jones, Edwards and Ogilvie, 1970; Miller, 1979).

Perhaps the most significant finding in recent years is that
of Smith, Jackson, Jackson, Wiiliams, Willadsen and Fehilly
(1984), who showed that the transfer of whole lymph or washed
.lymph cells from three immune donor sheep to their homozygous co-
twin recipients, reduced significantly the susceptibility of the
recipients to challenge with 10,000 Haemonchus L3 as measured by
their faecal egg counts. In a further experiment, lymphocytes
from an immune sheep transferred a secondary local IgA response
to its homozygous recipient and also a marked reduction in worm
count when compared with an infectivity control sheep.

The precise role of lymphocytes is still unclear and it 1is
unlikely that they are active at the mucosal surface of the
abomasum. However, in a review based on studies with
H. contortus in sheep and supported by studies on laboratory
models (Russell and Castro, 1979; Miller, Huntley and Wallace;
198la), Miller (1984) has described an effector mechanism called
"immune exclusion” by which larvae are excluded from entering the
glandular tissue of immune sheep and are consequently rapidly
lost from the host. The mechanisms of "immune exclusion" are
still unknown but Miller (1984), has suggested a hypothetical

system. In this, primed T cells of various sub-sets provide help
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for B cells to differentiate into plasma cells, promote the
differentiation of bone marrow precursors into mast cells,
stimulate basophilopoesis and eosinophilopoesis and accelerate
the differentiation of epithelial cells into goblet cells. Mast
cells, eosinophils and basophils become sensitised by
immunoglobulin and subsequently interact with worm antigen to
promote the release of mediators such as histamine, S5HT,
protaglandins and leucotrienes; these alter gut motility,
permeability and secretion and may even have a direct effect on
>the'parasite. In the gut lumen there is an increase of secretion
and mucus and an influx of plasma proteins. These together with
mucin polysaccarides interact with the worm cuticle and impede
the penetration of worm secretions into the mucosa.

This hypothesis suggests an explanation for the results of
work reprted by Adams (1982), who found that the corticosteroid
dexamethasone abolished acquired immunity to H. contortus. He
found that sheep, rendered immune after a primary infection, lost
their immunity after dexamethasone treatment: treatment resulted
in 68% establishment of infective larvae as determined by adult
worm numbers, compared with 13% in untreated immune, and 65% in
untreated and treated non-immune sheep. This dexamethasone
effect was found to occur before Day 7 of the second infection,
with many more adult worms being present in treated than
untreated sheep at Days 21 -and 24 after infection but no clear
differences in the numbers of L4.

Adams (1982), also found that acquired immune responses

preventing the establishment of H. contortus infections, act
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after Day 4 following infection and are complete by Day 7.
Comparison of numbers of fourth stage larvae recovered from
untreated and dexamethasone treated animals on Day 7 following
challenge, showed that éubstantial numbers of infective larvae
either