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absence of eggs in faeces; at the same time, the lambs in this group
were able to maintain a reasonably high PCV. Seven animals were in
this group, FR52, FR55, FR58, FR60, FR61, FR66 and FR68. Three
lambs were classified as resistant, FR51, FR53 and FR62. These
animals showed some degree of self cure following the second infection
but were reinfected following the third infection and then 'self-cured’;
they were able to maintain a relatively high PCV through the second
and third infection periods. Five lambs were classified as moderately
resistant, FR54, FR56, FR57, FR63 and FR64. These animals showed
some degree of "self cure" during both the second and third infections,
but were unable to maintain their PCV values. Four lambs were
classified as susceptible and were sacrificed in the terminal stage of
disease, FR59 on day 64, FR67 and FR70 on day 92, all in the second
infection, and FR69 on day 140 during the third infection. All four
animals had high faecal egg counts and had developed very low PCV
values.

Figures 5.1-5.20 show the changes in faecal egg counts and PCV
values of the 20 lambs following the first, second and third infections
with H.contortus.

Following the first infection, all the animals allowed the
establishment of larvae that developed into adult parasites, which
then started laying eggs producing patent;, infections. The highest
peak in faecal egg count following the first experimental infection was
44+48.8 (x1000) epg on day 54, the large standard deviation reflecting
the marked variation among the lambs (Table 5.2). Figures 5.1-5.20
show that all 20 lambs experienced a drop in PCV values. The mean
PCV value on day 54, the week of the peak faecal egg count during the
first infection was 19.9+3.5% (Table 5.3). The mean peripheral blood

eosinophil count during the same period was 5661525 (103 cells per
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Table 5.2
Peak faecal egg counts in the first, second and third infections of

Scottish Blackface lambs with Haemonchus contortus.

Period of No.of animals Day of peak MeantSD(x1000)

infection sampled fazcal egg - ount eggs per gram
First 20 54 44.0148.8
Second 17 68 17.3+13.9
Third 16 118 7.5112.6
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Table 5.3
Packed red cell volume before infection and in the first, second and
third infections of Scottish Blackface lambs with Haemonchus

contortus at the peak of faecal egg counts.

Period No.of animals Day of peak MeantSD
sampled faecal egg count PCV %
Before infection 20 - 33.7£1.9
First 20 54 19.943.5
Second 17 68 23.5145.1
Third 16 118 23.015.2
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ml-1) (Table 5.4). The mean body weights dropped from 30.0+5.8 (pre-
infection weight) to 25.4+4.9 kg by day 54 (Table 5.5).

Following the second infection, there were again marked
differences in both faecal egg count and PCV responses among the
lambs. The highest mean faecal egg count was 17.3£13.9 (x1000) epg
on day 68 (Table 5.2). At the same time, mean PCV value was
23.515.10% (Table 5.3); the mean peripheral blood eosinophil count
was 5661525 (103 cells per ml-1) (Table 5.4) and the mean body
weight was 26.7t5.5 kg (Table 5.5). FR59, FR67 and FR70 were
sacrificed on days 64, 92 and 92, respectively, because of severe
anaemia and deterioration in their clinical condition.

After the third experimental infection, marked variation was
once again observed in the response of the lambs. The highest mean
faecal egg count was 7.5£12.6 (x1000) epg on day 118 (Table 5.2),
while the mean PCV value on day 118 remained relatively stable at
23.015.2% (Table 5.3). At the same time, the mean of peripheral blood
eosinophil counts on day 118 was 7904+657 (103 cells per ml) (Table
5.4). The mean body weight increased to 30.9t6.5 kg on day 118
(Table 5.5). Animal number FR69 was sacrificed during this period on
day 140 due to a deterioration in clinical condition and severe
anaemia.

As stated, four lambs became progressively ill during the course
of infection. Just before slaughter, the animals were weak, inappetent
and recumbent with PCV values just above 10%. FR59 was sacrificed
on day 64; FR67 and FR70 were sacrificed on day 92, while FR69 was
sacrificed on day 140.

At necropsy, the carcasses of all four were emaciated and the
visible mucous membranes were pale. A blood smear revealed signs of

anaemia, including, anisocytosis, poikilocytosis and polychromasia.
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Table 5.4
Peripheral blood eosinophilia in the first, second and third infections
of Scottish Blackface lambs with Haemonchus contortus at the peak of

faecal egg counts.

Period of No.of animals Day of peak MeantSD
infection sampled faecal egg count (x103cells/ml-)
First 20 54 5124527
Second 17 68 5661525
Third 16 118 790+657

97



Table 5.5
Body weights before infection, in the first, second and third infections
of Scottish Blackface lambs with Haemonchus contortus at the peak of

faecal egg counts.

Period No.of animals Day of peak MeantSD
samples faecal egg count kg
Before infection 20 - 30.015.8
First 20 54 25.414.9
Second 17 68 26.745.5
Third 16 118 30.946.5
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On opening the carcass, the significant findings were pale
mucous membranes, and gelatinisation of subcutaneous fat. In the
abomasum, there was severe oedema of abomasal folds, adult
parasites, petechial and ecchymotic haemorrhages, and enlargement
of the gastric lymph nodes.

On histopathological examination, there was marked
infiltration of the abomasum with inflammatory cells resulting in the
displacement of glandular tissue in the lamina propria. The main
cells were lymphocytes, macrophages, eosinophils (Figure 5.21),
globule leucocytes (Figure 5.22) and a few mast cells (Figure 5.23).
Immunoperoxidase staining using monoclonal rat anti-sheep IgA
showed widespread distribution of IgA-contained plasma cells in the

abomasal lamina propria (Figure 5.24).

5.3.2 Association between major parameters and eosinophilia

The key characteristic in considering gcnetic resistance to disease is
the ability of animals to gain weight despite infection. Hence, in
presenting the results, in the first instance the association between
the various parasitological and haematological parameters, and body

weight has been considered.

5.3.2.1. Faecal egg counts and body weights

The correlation coefficient between faecal egg counts and body weight
during the first infection was very weak (r = 0.007) while the
correlation during the second infection was negative but weak (r = -
0.198). However, durii, the third infection animals with the highest
faecal egg counts lost more weight (r = -0.540; 0.01 <p >0.02) (Table
5.6)
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Figure 5.21
Eosinophil (E) infiltration into the abomasal lamina propria of a sheep
following infection with Haemonchus contortus. Carbol
Chromotrope.x400
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Figure 5.22
Globule leucocytes (GL) in the glandular epithelium of the abomasal
mucosa of a sheep infected with Haemonchus contortus.
Haematoxylin and Eosin stain.x1000
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Figure 5.23
Mast cells in the abomasal lamina propria and globule leukocytes (GL)
in a sheep infected with Haemonchus contortus. Toludine Blue.x1000
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Figure 5.24
IgA plasma cells in the abomasal mucosa of a sheep infected with
Haemonchus contortus. Peroxidase stain.x400
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Table 5.6
Spearman rank correlation coefficient (r) between faecal egg counts
and body weight in the first, second and third infections* of Scottish-

Blackface lambs with Haemonchus contortus.

Period of

infection r Remarks
First 0.007 not significant
Second -0.198 not significant
Third -0.540 0.01 <p <0.02

* on days 54, 68 and 118, respectively
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5.3.2.2. Packed rzd cell volume and body weight

The correlation coefficient between PCV values and body weight was
positive during the first (r = 0.297) and second infections (r = 0.102)
but only significant during the third (r = 0.536; 0.02 <p <0.05). Thus,
animals with high PCVs during the third infections gained more
weight (Table 5.7).

5.3.2.3. Faecal egg counts and packed red cell volumes

The correlation coefficient between faecal egg counts and packed cell
volume was negative and strong during the first (r = -0.643; p <0.01),
second (r = -0.886; p <0.01) and third (r = -0.712; p <0.01) infections.
The correlation was strongest during the second infection and weakest

during the first infection (Table 5.8).

5.3.2.4. Peripheral blood eosinophilia and body weights

The correlation coefficient between peripheral blood eosinophilia and
body weight was positive and significant during the first and the
second infection (r = 0.544 and 0.535), respectively (0.01 <p <0.020) in
both cases. However, the correlation was positive but not significant

during the third infection (r = 0.330; p >0.05) (Table 5.9).

5.3.2.5. Peripheral blood eosinophilia and faecal egg
counts

The correlation coefficient between peripheral blood eosinophilia and

faecal egg counts was highest during the second infection (r = -

0.802, p >0.01). The correlation coefficient between the two was also

high and negative during the third infection (r = -0.723, p <0.01).

However, the correlation coefficient between the two was weak during

the first infection (r = -0.201) (T'able 5.10).
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Table 5.7
Spearmans rank correlation coefficient (r) between packed red cell
volume and body weight in the first, second and third infections* of

Scottish-Blackface lambs with Haemonchus contortus.

Period of

infection r Remarks
First 0.297 not significant
Second 0.102 not significant
Third 0.536 0.02 <p <0.05

* on days 54, 68 and 118, respectively
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Table 5.8
Spearman rank correlation coefficient (r) between faecal egg counts

and packed cell volume in the first, second and third infections* of

Scottish-Blackface lambs with Haemonchus contortus.

Period of

infection r Remarks
First -0.643 p<0.01
Second -0.886 p<0.01
Third -0.712 p<0.01

* on days 54, 68 and 118, respectively
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Table 5.9
Spearman rank correlation coefficient (r) between peripheral blood
eosinophilia and body weight in the first, second and third infections*

of Scottish-Blackface lambs with Haemonchus contortus.

Period of

infection r Remarks
First 0.544 0.01 <p <0.02
Second 0.535 0.01 <p <0.02
Third 0.330 not significant

* on days 54, 68 and 118, respectively
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5.3.2.6. Peripheral blood eosinophilia and packed red cell
volume

The correlation coefficient between peripheral blood eosinophilia and

PCV was positive during the first (r = 0.47; p>0.05), second (r = 0.728;

p <0.01) and third (r = 0.648; p <0.01) infections but was only

significant during the second and third infections (Table 5.11).

5.3.2.7. Peripheral blood eosinophilia, abomasal tissue
eosinophilia and worm burdens

For both peripheral blood eosinophilia and abomasal tissue

eosinophilia, there was a significant (p <0.01) and negative association

with worm burdens, i.e., animals with higher eosinophil counts had

lower worm burdens. At the same time, there was a significant (p

<0.01) and positive association between peripheral blood eisnophilia

and abomasal tissue eosinophilia (Table 5.12).
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Table 5.10
Spearman rank correlation coefficient (r) between peripheral blood
eosinophilia and faecal egg counts in the first, second and third

infections* of Scottish-Blackface lambs with Haemonchus contortus.

Period of .
infection r Remarks
First -0.201 not significant
Second -0.802 p>0.01
Third -0.723 p<0.01

*on days 54, 68 and 118, respectively
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Table 5.11
Spearman rank correlation coefficient (r) between peripheral blood
eosinophilia and packed red cell volume in the first, second and third

infections* of Scottish-Blackface lambs with Haemonchus contortus.

Period of

infection r Remarks
First 0.470 not significant
Second 0.728 p <0.01
Third 0.648 p <0.01

*on days 54, 68 and 118, respectively
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Table 5.12

Peripheral blood eosinophilia (x103 cells ml-1), abomasal eosinophilia,
abomasal worm counts in Scottish Blackface lambs on day 168
following three sequential infections with Haemonchus contortus,

compared with non-infected lambs.

Eosinophilia
Abomasal
worm
peripheral blood abomasal tissue burdens
n mean SD mean SD mean SD
Uninfected control 4 172.1 1229 2.7 3.06 0 0
Infected survivors 16 2515 174.5 42.1 70.5 1641 2927

n = number of animals sampled
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54 DISCUSSION
There was marked variation in the degree of resistance to H.contortus
exhibited by the 20 Scottish Blackface lambs following three
experimental infections with 10,000 L3. Four lambs succumhed to
severe haemonchosis, while the rest survived, with 7 animals showing
a remarkable degree of resistance that was also reflected in body
weight gains, or resilience. The marked variation in resistance was
also reflected by wide variations in faecal egg counts, the ability to
maintain stable PCV values, eosinophilia (both peripheral blood and
abomasal tissue), in worm burdens and in weight body gains. There
were also marked differences in the ability to undergo self-cure, as
assessed by faecal egg output. Similar findings were reported for 2
year old Merino wethers, all of which had been previously exposed to
natural infection of H.contortus, following two experimental infections
with same parasite (Allonby and Urquhart, 1975). Allonby and
Urquhart, (1975) observed that following challenge infections some of
the animals showed self-cure and protection, while others showed
some degree of self-cure but allowed re-establishment of infection.
Still others showed a temporary suppression of egg production
followed by hyperinfection. Allonby and Urquhart (1975) also noted
that some of the wethers neither lost the eaisting infection, nor did
they contract new infections. There were still others which lost most
of the worms from the initial infection but were susceptible to
reinfection.

As in previous studies with H.contortus (reviewed in Chapter
1), there were significant correlations between body weight changes,
and faecal egg counts and PCV values, and significant correlations
between faecal egg counts and PCV values. What was exciting and

interesting about the findings was that eosinophilia, as assessed both
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in the peripheral blood and in the abomasal tissue, was significantly
correlated to worm burden, faecal egg counts, PCV values and body
weight changes, i.e., to both resistance and resilience parameters.
Similar observations on the association between peripheral blood
eosinophilia and faecal egg counts have been made in Scottish
Blackface sheep infected with O.circumcincta (Chapter 3) and in
Merino sheep infected with T.colubriformis (Dawkins et al., 1989).
Resistance to H.contortus is thought to operate at different
levels, namely, prevention of larval establishment, also called immune
exclusion (Miller et al., 1983; Miller, 1987); destruction and expulsion
of established parasites, also called self-cure (Stoll, 1929; Soulsby and
Stewart, 1959). The relative importance of each of these and the
effector mechanisms involved are not clear. The effector mechanisms
that have been suggested, include, thickening of the abomasal mucosa
(Nicholls and Lee, 1989; Newlands et al., 1990), antibody production,
especially locally produced IgA (Duncan et al., 1978), the IgE-
mediated mast cell responses (Murray et al., 1971; Murray, 1972;
Presson et al., 1988) and the antibody-mediated eosinophil adherence
leading to parasite death through intoxication (Butterworth, 1984).
Miller, (1984) has suggested that inflammatory cells such as
macrophages, mast cells, basophils, eosinophils and neutrophils, in
the presence of appropriate sensitising antibodies, e.g., IgA, IgE or
IgG or complement, are capable of generating a variety of toxic
mediators which cause damage to the tegument or cuticle of the
parasite. Thus, immature, migratory nematode parasites are probably
eliminated from the host through the action of anaphylactic antibodies
or complement in conjunction with inflammatory cells (Miller, 1984).
However, for lumen dwelling parasites such as adult H.contortus,

direct contact with inflammatory cells is unlikely. T cell mediated
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recruitment of mast cells and eosinophils to the mucosa (Miller, 1990)
is associated with the generation of lipid mediators and, possibly, free
radicals which may directly affect the motility or the orientation of the
parasites. Thus, substances such as leukotrienes have been
implicated in causing paralysis of the parasites (Douch et al., 1984).
Additionally, the levels of parasite-specific IgA are raised in the
mucus, for example, in O.circumcincta infections (Smith et al., 1982a)
and it is possible the same applies to H.contortus infections (Smith
and Christie, 1978, 1979). It is possible that IgA is the factor that
causes stunting of the adult worms, and reduced fecundity of the
female parasite, as has been shown for T.columbriformis following
treatment with serum IgG from immune animals (Bone and Klesius,
1986). Similarly, leakage of plasma proteins, including IgG, into the
superficial mucus as a consequence of mast cell-mediated permeability
changes (Murray et al., 1969), may alter the quality of superficial
mucus so that it traps and eliminates the parasite (Miller et al., 1981),
or acts as a barrier to the establishment of incoming nematode larvae
into the host. Mucus may also retain secreted lipid mediators, such as
leucotrienes (Douch et al., 1984), thereby inhibiting parasite motility
(Miller, 1987).

During helminth infections, the histamines released from mast
cells and possibly basophils, are chemotactic to the eosinophils
(Rothwell, 1989). Experimental models have also shown that the
production and localisation of eosinophils in tissues is selectively
regulated by T-lymphocytes (Muranoto et al., 1988) through the three
lymphokines with colony-stimulating activity, including, GM-CSF, IL-
3, and IL-5 (Rand et al., 1991). These lymphokines not only help in
the expansion of the eosinophil progenitors but also stimulate the

function of mature eosinophils (Rand et al., 1991).
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Eosinophils have been shown to have receptors for various
immunoglobulins, including, IgG (Fanger et al., 1989), and IgE
(Capronet al., 1981, 1984, 1986). IgA response in the abomasal tissue
is one of major local antibody responses but there is a lack of sufficient
evidence for its receptors on the ._sinophil cell. Antibody-mediated
eosinophil cell adherence and parasite toxicity have been shown in in
vitro studies of schistosomiasis (MacKenzie et al., 1977), fascioliasis
(Duffus et al., 1980) and onchocerciasis (3rattig et al., 1991).
Following the binding Qf antibody onto the eosinophil receptors,
peroxidase, platelet-activating factor, MBP and the eosinophil-derived
neurotoxin are released (Capron et al., 1985, Capron and Jouault,
1986) onto the ,arasite surface. This causes permeability changes in
the membrane resulting in the death of the parasite by intoxication
(Butterworth, 1984).

In conclusion, the results of the studies in this chapter indicate
that the eosinophil response of Scottish Blackface sheep to H.contortus
infection is associated with the ability of the host to resist the
infection and to control the effects of infection (resilience) and as such
should be further investigated as a possible phenotypic marker for

genetic resistance of sheep to helminth parasites.
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CHAPTER 6

GENERAL DISCUSSION AND CONCLUSIONS



Haemonchus contortus and Ostertagia circumcincta are the most
pathogenic and economically important gastric nematodes of sheep in
the tropical and temperate countries, respectively (Chapter 1). There
are no commercial vaccines against these two parasites, and control
methods rely mainly on the use of grazing management and
anthelmintic treatment. However, there are increasing constraints on
the current methods of controlling gastric nematodes of sheep
(reviewed in Chapter 1).

Evidence for genetic variability in resistance of sheep to gastric
nematode infections has existed for some time (e.g., Stoll, 1929;
Whitlock, 1958; Whitlock and Madsen, 1958; Madsen and Whitlock,
1958). Some of the differences reported have been very drawatic. For
example, Altaif et al., (1978b) reported that almost 50% more
H.contortus larvae matured to adults in Finn Dorset sheep of
haemoglobin type BB compared to Scottish-Blackface sheep of the
same haemoglobin type. Thus, a number of breeding programmes for
sheep have been started in Australia (Piper, 1987; Albers et al., 1987,
Windon, 1990); New Zealand (Baker et al., 1990); United States of
America: West Indies (Gamble and Zalac, 1992); Scotland (current
study) and in Kenya (Onyango-Abuje et al., 1993). The overall
objective of these breeding programmes is to investigate the amount of
genetic variation and the mechanisms of resistance to the
economically important gastrointestinal parasites of sheep.

Apart from the reduced cost of deworming, the use of sheep that
are resistant to parasites would reduce the degree of pasture
contamination with parasite eggs and infective larvae (Windon, 1990).
Sheep that are genetically resistant to parasites are also likely to
respond more effectively to helminth vaccines which will probably

become available in the future.
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The current emphasis on identification of sheep that are
genetically resistant to gastric nematodes is not aimed at totally
eliminating the conventional methods of controlling gastric
nematodes. Instead, an integrated approach using conventional
methods such as grazing management and anthelmintic treatment
and genetically-resistant sheep would help limit production losses and
minimise the costs of production. In such a system, the effective life of
anthelmintics would be prolonged due to reduced selection pressure on
the parasite to develop anthelmintic resistance.

At the same time, the existence of animals with extremes of
degree of resistance or susceptibility provides a powerful research for
studying the mechanisms of resistance to nematodes. Understanding
these mechanisms (the basis of the selected trait in breeding
programmes) is essential for identifying predictive (genetic) markers
of resistance. In addition, the recognition of the limiting mechanisms
responsible for susceptibility will allow the opportunity for
immunological manipulations to induce resistance. Considerable
efforts are being devoted to the production of recombinant vaccines
(Emery and Wagland, 1991). Cellular and antibody probes from
animals having extremes of resistance can be used to identify
protective antigens upon which these vaccines can be based.
However, it is important that a vaccine must be effective in genetically
susceptible animals and in animals where the immune response is
compromised. Genetic constitution may therefore be a major
constraint on any success of any vaccination strategy.

In order to be acceptable to farmers and commercial stud
breeders, the traits used to measure genetic variation in resistance to

gastric parasites in sheep should fulfil certain criteria and heritability
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levels must be high enough to ensure an efficient response to
selection.

The most commonly used phenotypic traits for assessing
resistance to gastric nematodes of sheep so far, have been faecal egg
counts and packed red cell volumc (Chapter 1). These have their own
merit but they are limited to certain species of parasites, and also, to
the adult stage of the parasite (Chapter 1).

The role of the eosinophil and the factors that lead to the
selective accumulation of the cell have largely remained unexplained
(Salman and Duncan, 1985; Douch et al., 1986; Gill, 1991). Recent
evidence has indicated that T cell factors (Fukuda and Gleich, 1989),
parasite factors (Klesius et al., 1986) and certain products of
inflammatory cells are chemotactic to eosinophils. In Chapter 3, the
degree of eosinophilia was moderately repeatable at 0.25, indicating
that perip..eral blood eosinophilia, at least for natural infections of
O.circumcincta is moderately repeatable. Given that there are many
variables that affect the degree of infection under natural conditions,
including stocking density, age of the animal, other types of acquired
immune responses such as maternal antibodies, plus the inhibitory
effect of anthelmintic treatment on the development of immune
response, it is necessary to design controlled experiments to measure
the heritability of eosinophilia in pedigree sheep in order to estimate
the amount of genetic gain possible if selection was based on the trait.
At the same time, an ideal trait should be associated with a genetic
marker. The advantage of using genetic markers for the identification
of resistant sheep is that the sheep do not require prior infection with
the parasite. Genetic markers are also not influenced by pnysiological

or environmental factors, which may produce transient effects.
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Some of the genetic markers most commonly examined for
association with resistance are haemoglobin type (e.g., Cuperlovic et
al., 1978), lymphocyte blastogenic responses (Rifkin and Dobson,
1979), Ovine lymphocyte antigens (OLA) (Outerridge et al., 1984,
1985, 1986) and restriction fragment length polymorphisms. In this
study, there was no association between haemoglobin type with
resistance to natural infections predominantly O.circumcincta, as
measured by faecal egg counts, in spite of the relatively large number
of animals tested. This is in contrast with the findings of Altaif and
Dargie (1978b) who reported an association between resistance and
haemoglobin types following H.contortus infections in sheep. It is
possible that haemoglobin type is important as a genetic marker for
resistance only in blood sucking parasites (Jain, 1986).

In mice, the degree of eosinophilia is controlled by genes of the
MHC (Wakelin, 1985). Preliminary analysis of OLA typing revealed
moderate polymorphism of MHC Class I antigens (unpublished
observations). There is a need, therefore, to investigate for association
between eosinophilia with the presence or absence of certain
lymphocyte antigens.

An ideal trait should also be cost-effective and easy to measure.
Peripheral blood is a convenient method for sampling eosinophils. In
most field laboratories differential white cell counts from a blood
smear is one of the routine procedures (Dacie and Lewis, 1984).
However, this is not the case with tissue eosinophilia during infection
with gastric nematodes of sheep. As with worm burdens, abomasal
tissue eosinophilia is measurable only at necropsy. This study has
shown that peripheral blood eosinophilia and tissue eosinophilia are
highly correlated during the tissue stage of the parasite. Antigens

from migrating or inhibited parasites, presumably stimulate the
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lymphocytes to produce such cytokines as IL-3 and IL-5 which then
stimulate eosinophilopoiesis. Subsequently, peripheral blood
eosinophilia results from the transit of eosinophils from the bone
marrow through blood into the infected tissue. Because of the close
association between peripheral blood eosinophilia and faecal egg
counts, especially during secondary and subsequent infections
(Chapters 3 and 5), the use of the two traits should help increase the
efficiency of selection for resistance to gastric nematode infections of
sheep.

This study has also shown that there is a diurnal variation in
peripheral blood eosinophilia which accounts for up to 20% of the total
natural variation in degree of eosinophilia (Chapter 4). However, the
timing of the peak of the diurnal variation seemed to be influenced by
certain factors such as level of infection and possibly the time and
level of feeding. Thus, further investigations should help to clarify the
extent to whcih these factors influence levels of eosinophils in
peripheral blood and, in the abomasal tissue. Among such factors are
cortisol levels, catecholamines, insulin and glucose levels, for example,
after feeding and other stress factors possibly due to parasite burdens.

Most of the studies in the functions of eosinophils have been
done on patients with some degree of eosinophilia, and therefore, the
cells are in active, functional state (Rothwell, 1989; McEwen, 1992;
Fukuda and Gleich, 1989). Secondly, the cell preparation techniques
have not yielded sufficiently pure populations of eosinophil cells, and
therefore, most functional assays have used mixed preparation of cells
which makes the interpretation of results difficult. Therefore, there is
urgent need to develop appropriate techniques for isolating pure

eosinophil populations from tissues, including blood, in order to
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permit meaningful comparative functional assays, such as chemotaxis
and adherence, to be carried out.

An ideal trait for selecting sheep that are genetically resistant
to gastric nematodes should be non-specific in nature, thereby
promoting competence against other nematode parasites encountered
in the field. Previous reports have suggested that sheep which are
more resistant to one nematode species are also more resistant to
other nematodes (e.g., Woolaston et al., 1990). One possible reason for
this is non-specific mechanisms of resistance. Unlike antibody
responses which are for specific parasite antigens, it is highly unlikely
that there are subtypes of eosinophils which are produced as a result
of stimulation by specific parasite antigens. However, there is need
for investigations on the existence of eosinophils subpopulations in
peripheral blood and in the abomasal tissue. For instance,
preliminary results on yields and purity of eosinophils isolated from
peripheral blood have revealed differences in the densities of
eosinophils harvested (unpublished data). Fukuda and Gleich (1989)
have reported similar findings, but it is not clear whether the different
densities are due to different eosinophil subpopulations.
Investigations along these lines should include differences in
functions and activities of the different eosinophil subpopulations in
resistance to parasitic infections.

Finally, it is not clear the extent to which parasites are able to
adapt to the genotypic changes that are occurring in the host through
selection for resistance (Gruner, 1991). An ideal trait should
demonstrate that parasite adaptation to withstand host resistance
mechanisms will remain within manageable levels. Preliminary
investigations have not shown that such adaptation occurs but it is

early to speculate (Windon, 1990). This is another area that requires
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investigation. Animals with extremes of resistance and susceptibility

could provide useful information.
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