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ABSTRACT

Several experiments were conducted using housed sheep with the aim of
obtaining information regarding the immune response of young lambs to
Nematodirus battus infection, the influence of protein supplementation and the
persistence of the response. Field observations were conducted also over a two year
grazing period to determine the seroepidemiology of natural infections using an

ELISA developed against worm antigens.

Prior to commencement of the main housed experiments, the results of a
preliminary trial conducted by Dr.W.D.Smith prior to commencement of this PhD
research project were evaluated to assess the kinetics of worm loss following a single
infection of N.battus, essential information before ‘trickle infection-challenge’
experiments can commence. Four groups of young lambs were infected with a single
dose of 30,000 L3 and each group was killed after 7, 14, 21 or 28 days post-infection
(PI). The worm burdens were significantly reduced in number after 28 days PIL
Individual variation in burdens was evident after 21 days PI and therefore, in view of
these findings, lambs in future experiments were killed at 9 or 10 days post-challenge

(PC) to minimize between animal variation.

The housed ‘trickle infection-challenge’ trials followed a standard infection
regime. Lambs were infected with escalating doses of L3 over several weeks, treated
with anthelmintic and challenged with a single dose of 30,000 L; a week later.
Challenge controls did not receive a primary trickle infection. All groups were killed
on either day 9 or 10 PC to obtain worms, blood and intestinal tissue. Blood samples
were taken frequently throughout the primary infection period for peripheral blood
eosinophil counts and antibody level determination. Two trials were conducted to
assess the influence of supplemention of an adequate basal diet with a rumen bypass
protein (fish meal). Both had a similar design except for differences in the levels of
dietary protein, the age of lambs and the duration of infection. Previously infected
and challenge control groups were offered either a basal diet (trial 1, 132 g CP kg™
DM; trial 2, 125 g CP kg'1 DM) or a supplemented one (trial 1, 183 g CP kg'] DM;
trial 2, 178 g CP kg™' DM CP). The results of both trials showed trends for
enhancement of responsiveness without significant effects. Previous infection

significantly enhanced immunity as characterized by reduced worm size and burdens,



elevated antibody levels, increased numbers of tissue mast cells and eosinophils.
Supplementation significantly enhanced antibody but not inflammatory responses.
Re-analysis of the results showed that lambs could be segregated into high- and low-
responders based on their worm burden. However, the degree of responsiveness was

not reflected in the inflammatory and antibody responses studied.

A trial was conducted to determine the persistence of the immune response
described in the dietary trials. Six groups of lambs (3 infected, 3 challenge controls)
were subjected to the standard design outlined above. An infected and control group
was challenged either one, 6 or 12 weeks post-treatment and killed 10 days PC. The
results showed an ability to respond without antigenic stimulus for up to 12 weeks
which was expressed by retardation in development of the worm populations and

also by worm expulsion.

Field trials were conducted over a two year grazing period to determine any
difference in serum anti-worm antibodies of lambs and ewes and whether this could
be correlated to developing immunity. The use of serum fructosamine concentration
as a general index of gastrointestinal damage was also investigated. The results
showed that antibody responses of ewes were maintained at high levels throughout
the grazing period with no indication of a periparturient relaxation in immunity.
Lambs developed increasing antibody levels over time and the FEC declined when
the peak levels were reached. However, lamb antibodies were significantly lower in
comparison to ewes. Serum fructosamine was not altered despite periods of clinical

nematodirosis.
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CHAPTER 1

Introduction

1.1 Introduction

Gastrointestinal parasitism in ruminants is frequently associated with high
stocking density and intensive production systems of husbandry and is responsible
for considerable economic loss (Holmes, 1985). The common helminths of sheep, the
nematodes of the trichostrongyle group, are acquired through ingestion of infective
larval stages which are present on herbage. Established infections cause various
pathological changes which can result in weight loss, anaemia, diarrhoea,

dehydration and in severe cases death.

Currently, strategic control programmes are practiced which incorporate
anthelmintic dosing combined where practicable with pasture spelling or
incorporation of less susceptible classes of livestock. However, the emergence of
resistant strains of parasites, growing consumer concern over the widespread
application of chemotherapeutic drugs coupled with the fact that methods of pasture
spelling alone are not a practical means of control has provoked a search for

alternative approaches to the control of gastrointestinal parasitism.

Due to the rapid growth in the field of molecular immunology various aspects
of immunity towards parasitic infections are being sought and the potential for
manipulation of the host immune response in order to control infections is of great
interest. In Trichostrongylus colubriformis infections Dineen, Gregg and Lascelles

(1978) has shown that sheep can be segregated into 'responders' and 'non-responders'



based on their ability to regulate worm populations. These findings have not only
stimulated work on selection of genetically resistant animals as a method of control
of gastrointestinal nematodes but also allow comparisons to be made between the
mechanisms of immunity of responsive and susceptible hosts. Hence the ability to
detect markers of immune responsiveness is crucial in such a selection process. The
potential for vaccination against nematodes is large and the bovine lungworm,
Dictyocaulus viviparus has been controlled successfully with a commercially
available attenuated vaccine. However, attempts to immunize sheep against their
common gastrointestinal nematodes unfortunately have been only partially successful
and in general have not been effective in the young growing lamb. Current research is
directed to identifying protective antigens of common nematodes as a long-term

solution to the problems of control strategies outlined above.

Despite the evidence that sheep can acquire immunity to gastrointestinal
nematodes, there are still no reliable vaccines for controlling these infections. This is
due partly to a lack of basic knowledge concerning the mechanisms involved in the
development of naturally acquired immunity (Smith, 1988). Our knowledge to date is
fragmentary. This is due to the complexity both of the parasite and the host immune
response. In addition there is variation in host responses towards different parasite
phyla and developmental stages. Hence, there is an urgent need to characterize the
development of immunity towards nematodes of sheep. Such an approach would be
to study host-parasite relationships based on an ovine model since extrapolation of
findings from laboratory animal studies to infections in sheep may not be possible
considering differences in the immune system of diverse species (Gamble and

Zarlenga, 1986).



Among the various genera of nematodes that infect sheep, Nematodirus battus
infection in lambs is of particular relevance in the sense that lambs respond rapidly
parasitologically and acquire a solid immunity throughout the rest of their lives.
Despite the knowledge of this established fact very little work has focused on the
acquisition of immunity and the mechanisms involved. This may be because N.battus
is not of wide geographical significance and that due to the immunity acquired and
the seasonal prevalence, the disease is easily controlled by grazing management

strategies and/or strategic anthelmintic treatments.

In view of the current trends in immunoparasitological research and given the
failure of vaccination in young lambs (Murray, 1987; Emery and Wagland, 1991), the
use of N.battus infection in lambs as a model for studies on immune responsiveness
is considered of practical interest (Taylor and Thomas, 1986). As with
T.colubriformis infections in sheep, studies with N.battus have shown also that lambs
can be segregated based on their responsiveness to infection (Taylor and Thomas,
1986). Therefore, it is envisaged that the study of naturally acquired immunity to
N.battus infections in lambs would yield important if not invaluable data that may be

also relevant to other nematode infections.

The objectives set forth for this Ph.D. research project aim to :

1. develop a model infection which would provide baseline data concerning the

immune response towards and regulation of N.battus populations.

2. enhance naturally acquired immunity of lambs towards N.battus by

supplementation of feed with a by-pass protein.

3. determine whether the model used can maintain immunological memory as shown

in the field.



4. study natural infections of grazing ewes and their lambs with N.battus.

Very little information on the development of immunity to N.battus is available
in the literature. Therefore, reference to studies conducted with other common ovine

gastrointestinal nematode infections has been used extensively.

1.2 Nematodirosis
1.2.1 General

Nematodirosis is a common roundworm infection caused by the small intestinal
nematode, Nematodirus battus which generally affects young lambs of about 4 to 8
weeks of age (Coop, 1989). The disease is prevalent typically during the late spring
to early summer months and rarely affects sheep over 4 months of age (Boag and
Thomas, 1975). The disease condition was first described by Crofton and Thomas
(1951) in North-east England. The origin of the species remains obscure. It has been
suggested that it may have been present in Britain in small numbers for a long time
and that changes in animal husbandry in the early 1950's were responsible for an
increase in Nematodirus burdens. However, Jansen (1973) has argued with
established historical and morphological facts that this species could have originally
belonged to the helminth fauna of some species of deer. N.battus has some striking
features in common with Nematodirus roscidus, Railliet, 1911 which has been found
in many parts of Europe in roe deer, fallow deer and mouflon. Putting all his
arguments together Jansen concluded that N.battus was imported into Britain

somewhere in the 1920's or 1930's with foreign species of deer.

N.battus worms live in the small intestine causing local damage to the bowel

lining, resulting in watery scour and dehydration (Coop, 1989). Death due to severe



infection can occur within a few days of scouring and losses may be as high as 30%
of the lamb crop (Gibson, 1974). While mortalities, when they arise, are obvious and
often disastrous, the more insidious aspect of this condition is that of the non-fatal
clinical and sub-clinical disease. The major feature is the failure of parasitized lambs
to achieve their potential rate of live weight gain. Such retardation in productivity is
due to a combination of reduced voluntary feed intake and impaired feed utilization

(Rowlands and Probert, 1972).

1.2.2 Life history and epidemiology

The parasitic life history of N.battus was first described by Thomas (1959). The
direct life-cycle differs to that of other strongyles in that eggs voided in the host
faeces do not hatch to produce first-stage free-living larvae (L). In contrast two
successive non-parasitic larval stages (L; and L,) followed by the third (L3) or
infective larval stage develop within the egg. The L3 hatch from the egg following an
increase in temperature (spring and summer months) after a prolonged period of cold
exposure (autumn and winter months). The stereotyped feature of this seasonal
pattern of infection is the reason why the disease is readily forecasted (Ollerenshaw

and Smith, 1966; Smith and Thomas, 1972).

Studies on the development of N.battus in single infections (Mapes and Coop,
1972) showed that upon ingestion the L3 exsheath and the third moult occurs between
days 2 and 4 post-infection within the mucosa with day 4 being the time of maximum
mucosal penetration. By day 6, during the mid-fourth larval stage (L4) most larvae
would have returned to the mucosal surface. However, some larvae may remain in

the mucosa and moult to their fifth stage (Ls). Adult worms were able to be



distinguished as early as day 10 post-infection. The majority of worms tend to be
found in the first 3 metres of the proximal duodenum (Thomas, 1959; Rowlands and
Probert, 1972). Larval inhibition (arrest) in Nematodirus species has been
demonstrated in penned sheep (Donald, Dineen, Turner and Wagland, 1964; Dineen,
Donald, Wagland and Turner, 1965) and under natural grazing conditions (Waller
and Thomas, 1983). It has been suggested that the size of the infecting dose or the
duration of exposure might be the cause of inhibition under experimental infection
(Donald et al., 1964; Dineen et al., 1965). In contrast, the results of Waller and
Thomas (1983) suggest that both seasonal factors and age of the host may play an
important role in larval inhibition for Nematodirus species. They also suggested that
this phenomenon was not density-dependent nor associated with host immunity.
However, Taylor and Thomas (1986) have shown that responder lambs had increased

numbers of L4s and attributed this to the immunity acquired by the lambs.

The epidemiology of nematodirosis is predictable (Ollerenshaw and Smith,
1966; Smith and Thomas, 1972) and after three successive annual grazings the
degree of pasture contamination is frequently sufficient to cause clinical disease
(Boag and Thomas, 1975). Eggs passed by infected lambs overwinter on the pasture
and hatch to produce L3 the following spring which are the source of infection for the
following year’s lamb crop (Boag and Thomas, 1975). Since adult sheep are immune
to N.battus they do not play any major role in the epidemiology of nematodirosis
(Bairden and Armour, 1987). Recently, the involvement of calves in perpetuating
rather than reducing the degree of pasture contamination has been documented
(Bairden and Armour, 1987; Coop, Jackson, Jackson, Fitzsimons and Lowman, 1988

and Coop, Jackson and Jackson, 1991). Hence the practice of alternate grazing



between sheep and cattle as a means of control has proven detrimental since young
susceptible calves may transmit infection to the following years lamb crop by

providing a suitable niche for growth and reproduction of N.battus.

The possibility of an alteration in the epidemiology of nematodirosis has been
proposed (Gibson and Everett, 1981; McKellar, Bairden, Duncan and Armour, 1983;
Hollands, 1984; Thomas 1991). This is due to findings that show an increased level
of pasture contamination during the autumn months and incidences of patent
infections during this period. These findings have been correlated to changes in the
environment (climate) (Thomas, 1991), in particular microclimatic effects upon eggs.
When the eggs are released from the faecal pellet into the surrounding soil due to
harsh conditions, favourable weather conditions such as more constant moisture and
even temperature (Gibson and Everett, 1981), may favour the transmission of

infection due to increased hatching and larval activity upon pasture leys.

1.2.3 Clinical signs and pathology

The clinical signs observed in cases of nematodirosis are generally similar to
those observed in trichostrongylosis, ostertagiosis and cooperiosis which are
manifested by illthrift, weight loss and depressed voluntary feed intake (Blood and
Radostits, 1989). In severe cases the lambs become diarrhoeic with dark soft faeces
fouling the wool of the breech and dehydrated with sunken eyes (Gibson, 1974;
Blood and Radostits, 1989). Deaths may occur within two days of the first observed
illness (Blood and Radostits, 1989) and can continue for three weeks after which the

survivors are solidly immune (Gibson, 1974).



Pathological changes observed in cases of nematodirosis vary from mild to
acute inflammation of the intestine (Kingsbury, 1953; Thomas and Stevens, 1956;
Baxter, 1957). Nematodirosis in young lambs can cause severe enteritis with marked
hyperaemia, oedema and exudation which is normally cattarhal but in severe cases
diptheritic (Reid and Murray, 1974). The general feature of nematodirosis is local
villous atrophy (Thomas, 1959; Coop, Angus and Mapes, 1973; Martin and Lee,
1980) which is believed to be a sequel of pressure/damage upon the epithelial cells
exerted by the parasites resulting in increased loss of cells into the lumen of the
intestine. Hyperplasia of congested and oedematous intestinal mucosa is occasionally

seen in sheep subjected to repeated challenge (Reid and Murray, 1974).

Nematodirus species are not likely to cause irreparable tissue damage since
they do not penetrate deep into the mucosa. In fact the tissue phase is transient,
superficial and limited to the larval stages (Rowlands and Probert, 1972). The actual
number of worms associated with mortality is extremely variable. Deaths have been
reported with 10,000 worms (Kingsbury, 1953; Thomas and Stevens, 1956). In
contrast, lambs with burdens in excess of 30,000 worms have appeared healthy
(R.L.Coop, personal communication). Thomas (1959) infected four 6 week old lambs
with 50,000 L3 and did not find any pathological changes apart from slight superficial

flattening and erosion of villi which were in contact with the parasites.

The mechanism whereby N.battus damages the epithelium remains unknown.
Direct contact resulting in pressure necrosis is one possibility (Coop et al., 1973)
and/or the effect of worm secretions/excretions (Coop et al., 1973; Martin and Lee,

1980) may be another. In their study Coop et al. (1973) suggested that severe changes



to villous architecture led to a reduction in mucosal enzyme activity, in particular,
alkaline phosphatase and disaccharidase, and was exhibited by marked scouring
among lambs. It was suggested that in these lambs absorption may be impaired in the
proximal region of the small intestine and this has been suggested also by Rowlands
and Probert (1972). Thus unabsorbed residues may pass into and undergo
fermentation in the distal bowel. It has been shown that parasitized lambs lacked
leucine aminopeptidase activity in the first 3 metres of the small intestine (Rowlands
and Probert, 1972). This enzyme is one of the terminal protein digestive enzymes and
may well be a cause for reduced liveweight gain . Another common pathological
change is mucus hypersecretion (Rowlands and Probert, 1972; Martin and Lee, 1980)
and it has been suggested that this may be involved in the rejection mechanism

(Martin and Lee, 1980).

Several workers (Thomas and Stevens, 1956; Munday, 1981; Mitchell,
Mathieson and Fitzsimons, 1985) have noted nephrosis accompanying outbreaks of
scour. The aetiology of the nephrotic lesions remains obscure. It has been suggested
that it may be linked to an association between severe nematodirosis and production
of Clostridium welchii type D toxin in the parasitized gut (Thomas and Stevens,
1959). The involvement of a nephrotic mycotoxin has also been suggested (Munday,

1981).

Under field conditions lambs are always faced with a multiple challenge with
various parasites. Studies using rats (Bristol, Pinon and Mayberry, 1983) showed a
synergistic effect of coccidial infections upon Nippostrongylus brasiliensis in terms

of egg production and patency and this finding prompted Catchpole and Harris



(1989) to investigate the effects of a concurrent infection with coccidia and N.bartus.
Their results showed that concurrent infections produced severe clinical disease and
death 