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GENERAL SUMMARY




GENERAL SUMMARY

The original objective of this study was to investigate
further, the observation of Benitez-Usher and his colleaques (1977)

that when an anthelmintic was administered shortly after each of

two immunising infections of irradiated Haemonchus contortus larvae
lambs failed to express any immunity to subéequent challenge with
normal larvae.

Unfortunately this aim was not achieved due to the fact

that the H. contortus irradiated larval vaccine failed to confer

protection to subsequent challenge. This result was totally unexpected
as in all previously published reports a similar regimén of vaccination
was highly successful.
Following this finding it was decided to undertéke>an investigation

of the reasons for the failure of the H. contortus larval vaccine

(Section 1) and to use the rat/Nippostrongylus brasiliensis model

system to study the original objective i.e. the effect of anthelmintics
on the immune response (Section 2).
In examining the possible reasons for the failure of the

H. contortus vaccine, the following factors were considered to

be most likely.

Firstly, a technical error in the preparation of the vacéine:
this was discounted due to the fact that on retrospective checking
no errors could be detectea. In addition, a research scientist.
in another in;titute was Found\to-be currently experiencing similar
difficulties with the larval vaccine despite previous success.

The second possibility was’éﬁat the larvae, due to continuous
passage under laboratory conditions, had developed an increased

radiosensitivity leading to over-attenuation with resultant loss

of both ihfectivity_éﬁd immunogenicity. This seemed unlikely



since the worm burdens of the vaccinated groups contained significant
numbers of sterile female worms derived from the irradiated larvae.
Also, no increased radiocsensitivity was observed in an irradiation

dose titration experiment in which larvae were irradiated at 40

kr and 60 kr in a 60C0 source and administered on a single occasion.

to lambs. The resultant number of sterile female worms found at
necropsy of these lambs when compared with the original vaccine studies
carried out in the 1960's, did not indicate any change in the radio-
sensitivity of the larvae.

The third possibility that the Glasgow strain of H. contortus

had lost its immunogenicity was then examined. It was found in
two experiments that infection with normal larvae failed to confer
the anticipated degree of protection against challenge. It seemed
therefore that the strain had lost its immunogenicity, although
this conclusion must be tempered by the fact that small groups
of lambs were used in these experiments.

Subsequent studies were concerned with a comparison of
larvae irradiated at 40 kr and 60 kr in either a 60C0 source or
an X - ray unit. It was found that irradiation at 40 kr from either
source completely restored the immunogenicity of the vaccine to
that previously reported i.e. around 95%. However, in the final
experiment, irradiation at 60 kr also produced a successful result
in that the challenge worm burdens were reduced by 76%. Future
experiments are necessary to establish the reason for the inconsistency
of the 60 kr vaccine but it is suggested that irradiation at 60
kr is perhaps borderline for the retention of immunogenicity:
it is also possible that this variation in results might be associéted
with the physiological state and innate infectivity of various

batches of larvae before being subjected to irradiation.



In experiments with a separate laboratory strain of H. contortus,

a significant degree of protection could not be cbtained with larvae
irradiated at 40 kr which suggests that there are important strain
differences in immunogenicity in this species.

The possibility that anthelmintics might modulate the immune

response to helminth infections was studied using Nippostrongylus

brasiliensis in the rat. Iwo aspects were investigated.

First, that chemical removal of sensitising worm burdens
might produce loss of immunity through the absence of sustained
antigenic stimulus rather than any specific immunomodulatory effect.
This was studied in a series of experiments where levamisole,
thiabendazole and fenbendazole were used to truncate sensitising
infections of 10 larvae prior to challenge with 3000 larvae. The
results showed that with thiabendazole and fenbendazole there was
only a short delay in the full expression of the immune response.
With levamisole this delay was even less marked.

Secondly, the immunomodulatory role of anthelmintics was
examined by their administration prior to a primary larval infection.
There was no firm evidence that levamiscle or thiabendazole had
any modulatory effect on worm establishment. Also no immunomodulatory
effect was observed when young adult worms administered by gastric
intubation were removed by these anthelmintics a week before adult
worm challenge.

Finally, some observations. were made on the relative anti-
genicity of larvae compared with adult worms. It was shown that
although adult worms stimulated an effective immune response against
larval or adult worm challenge, large numbers were required. to

produce the same degree of protection as a small number of larvae.



SECTION 1

IMMUNITY TO HAEMONCHUS CONTORTUS INFECTION

IN SHEEP.
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INTRODUCTIGON

Although anthelmintics are an integral part of the treatment
and control of many important helminth diseases of farm animals
throughout the world there has for some years been speculation
over the possible effect of anthelmintic treatment on the subsegquent
development of immunity to helminth infection. This aspect of

chemotherapy has received particular attention in Haemonchus contortus

infection in sheep which, in tropical and sub-tropical areas of
the world is a potential cause of severe morbidity and mortality
in sheep and goats. Up to the present time, repeated anthelmintic
administration is the only successful control méasure which can

be applied in H. contortus endemic areas and with the development

of new anthelmintics of increased efficiency the possibility that
regular use of anthelmintics may affect the development of immunity

to H. contortus has interested many parasitologists and veterinarians.

In fact, the practical significance of acquired immunity

in H. contortus infection is still not fully understood. Broadly

speaking, immunity against this parasite may be expressed in three
ways. Through immune expulsion of existing adult infections, commonly
referred to as the 'self cure phenomenon' a term coined by Stoll
(1929); by prolonged inhibitioﬁ of ingested larvae at the fourth
larval stage (La)'or even by the failure of ingested larvae to
establish and develop.

The 'self cure' phenomenos has been regularly reproduced
in sheep maintained under experimental conditions by the administration
of infective larvae (Stewart, 1953; Dargie and Allonby, 1975)
and Stewart concluded that the probable reason was development
of an Immediate-type hypersensitivity reaction in the abomasal

mucosa, triggered by the ingested larvae, which in some way made
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conditions untenable for the existing population of adult worms.
While the phenomenon must unQoubtedly occur in the field, Allonby
and Urquhart (1973) have recently produced evidence to support
Gordon's original observation (Gordon, 1948) that the 'self-cure',
as a flock phenomenon, was not necessarily associated with reinfection
and was apparently dependent on some 'anthelmintic factor' in freshly
growing grass.

Inhibition of larval development associated with repeated

experimental infection with H. contortus larvae and apparently

attributable to the development of immunity has been described
by Dineen and his co-workers (Dineen, Donald, Wagland and Offner,
1965). In the field, larval inhibition has also been observed
(Connan, 1971, 1975; Waller and Thomas, 1975; Ogunsusi and Eysker,
1979) but has been generally attributed to hypobiosis induced by
environmental stimuli on infective larvae rather than to the develop-
ment of immunity.

The significance of the third type of immune response,
the development of resistance to reinfection, is still no£ clear.
Gordon (1948, 1950) observed that grazing ewes in Australia did
not appear to develop a significant immunity to reinfection, an
observation corroborated in East Africa by Allonby and Urquhart
(1975}.

However, there is good evidence from experiments in both
Britain and Australia (Jarrett, Jennings, McIntyre, Mulligan and
Sharp, 1959, 1961; Manton, Peacoék, Poynter, Silverman and Terry,
1962; Dineen and Qagland, 1966) that worm free lambs provided
they are over seven or eight months of age can develop a highly

significant degree of resistance to challenge with H. contortus

after immunisation with irradiated or normal larvae. It has been

suggested (Lopez and Urquhart, 1967; Urquhart, 1970) that the
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apparent disparity between these two sets of observations might
be attributable to repeated reinfection of grazing lambs during
the first six months of their lives when they are unable to develop

any immunity to H. contortus apparently due to immunological immaturity.

Infection during this period might permanently damage the full
expression of the immune response. However, the situation is still
obscure and further work is required.

Reverting to the effect of anthelmintic treatment on the
immune response, Dineen and his colleagues (Dineen and Wagland,
1966; Wagland and Dineen, 1967; Donald, Dineen and Adams, 1969)

working with H. contortus infection in lambs in Australia concluded

that strong resistance was associated with prolonged uninterrupted
infection and that anthelmintic treatment was more likely to interfere
with, than assist, the development of immunity. In one study however,
there was evidence that persisting high worm burdens préduced a

state of "immunological exhaustion" in that a very high proportion

of a challenge infection developed to maturity. In contrast, when
these persistent worm burdéns were removed by an anthelmiﬁtic prior
to challenge, immunity was re-established in terms of the proportion
of the challenge infection which matured. From the results of

their many experiments Dineen and his co-workers concluded that

the use of anthelmintics on a flock basis for the general control

of H. contortus in sheep should be approached with some caution

and advised limiting their use only to flocks, or even to
individuals within flocks, showing-clinical evidence of haemonchosis.,
This suggestion, however, is perhaps rather impractical under the
conditions of extensive grazing common in endemic areas.

In vaccination studies in this laboratory Benitez-Usher,
Armour, Duncan, Urquhart and Gettinby (1977) observed that when
immunologically mature lambs were treated with thiabendazole three

weeks after each of two doses of irradiated H. contortus larvae




they failed to develop immunity to subsequent challenge while vaccinated
and untreated controls were almost completely resistant. On the
other hand, in a similar study by Smith and Christie (1979) a single
dose of levamisole administered three weeks after the second vaccination
(i.e. a week before challenge) did not affect protection against
challenge and they suggested that the continued presence of vaccine
worms from weeks three to seven of the immunising course was crucial
for the development of the protective response. The possibility
that levamisole may have had an adjuvant effect was not discussed.

From these contrasting results it was considered important
to investigate further the role of anthelmintics in the development

or suppression of immunity to H. contortus. This is however, complex

since the loss of immunity may be caused, not merely by the removal
by anthelmintic action of potentially sensitising worm burdens,
but may also be associated in part with direct immunomodulatory
effects of certain compounds; for example, levamisole and thiabendazole
have been shown to possess immunostimulant and immunosuppressive
properties respectively independent of their anthelmintic activities
(see Section 2 - Introduction).

The first two experiments reported in Section 1 were designed
to provide some preliminary information on the role of anthelmintics

on immunity to H. contortus. Unfortunately this objeétive was

not achieved due to the entirely unexpected failure of the vaccination
procedure. The original objective was therefore abandoned and

the subsequent experiments in this section were concerned with

efforts to determine the cause of this failure. Studies on the
immunomodulatory role of anthelmintics were however continued in

rats infected with Nippostrongylus brasiliensis and these are reported

in the second section of this thesis.



SECTION 1

GENERAL METHODS AND MATERIALS




Animals

Pure bred Scottish Blackface sheep were used in all experiments
with the exception of Experiments 5 and 6 when Suffolk-Grey face
crosses were used.

Rearing of parasite-free animals

Day old lambs were removed from their mothers and bottle
fed indoors with milk substitute. Water and hay were provided
from the first week and concentrates were offered from the third
week onwards. lambs were generally weaned around six weeks of
age.

The animals were housed in concrete pens which were cleaned
thoroughly twice weekly and were provided with fresh straw bedding
daily.

All lambs were docked and the males castrated when they
were about six weeks old.

Until the beginning of each experiment faecal samples From
the lambs were regularly examined for the presence of parasite
eggs or larvae.

Body weights

Body weights were determined using a small ruminant weighing
crate (Avery Scales Ltd., Glasgow, Scotland).

Strains of Haemonchus contortus larvae

Glasgow strain - This was a strain of H. contortus maintained for

over 20 years in the Department of Veterinary Parasitology of Glasgow
University by repeated passage in Scottish Blackface lambs.

Merck Sharp and Dohme (MSD) strain - A laboratory strain of H.

contortus maintained at MSD research laboratories.

Cambridge strain - This was a recently isolated field strain of

H. contortus obtained from Dr. R. Connan of Cambridge Uniyersity.




Anthelmintics

Levamisole hydrochloride 7.5 percent w/v solution (Nemicide - Imperial
Chemical Industries Ltd., Cheshire, England) administered subcutaneously

at a dosage rate of 7.5 mg/kg body weight.

Thiabendazole 13.3 percent w/v solution (Thibenzole -~ Merck Sharp
and Dohme Ltd., Hertfordshire, England) administered orally at

a dosage of 50 mg/kg body weight.

Parasitological Techniques

Culture and harvesting of H. contortus infective larvae

Parasite-free lambs were infected with 5000-10,000 H. contortus

infective larvae. From the eighteenth day after infection the animals
were faecal sampled daily and when a high number of eggs were detected’
in the faeces the animals were fitted with faecal bags and thereaftér
total faecal collections made daily.

Three hundred grams of faecal pellets were placed into eééh
of a series of 500 ml honey jars. A moist filter paper was placed
inside each 1id, the lids were lightly screwed down and the jars
were stored at 22°C for 15 days.

Infective larvae were harvested as follows. The jars were
filled with luke-warm tap water and left for one hour to allow the
larvae to migrate into the water. The fluid from the jars was then
pooled and poured through a sieve (60 meshes per inch) which retained
the faecal debris. This fluid containing the larvae was then filtered
through two layers of eight inch milk filters (Maxa Filters, A.
McCaskie, Stirling) by suctioﬁ, using a Buchner apparatus and vacuum
pump. Larvae retained in the milk filter were recovered using a
Baermann apparatus. This consisted of a glass funnel closed at

the stem with a length of rubber tubing and a clip, and filled with

luke-warm tap water; a sieve with an aperture size of 150 microns



was placed touching the surface of the water. The filter with the
retained larvae was then placed on tbp of the sieve so that the
motile larvae were allowed tco migrate into the water. After 12 hours

LR
the larvae were collected from the neck of the funnel. -

Larval counting technigue

Larval suspensions were mixed thoroughly to prevent clumping and
a suitable dilution was made for counting. From this well mixed suspension
forty 0.025 ml aliquots were taken and placed on glass slides for
counting. The total number of larvae counted was the number of larvae
per ml of the diluted suspension.

Required doses of larvae were placed in universal bottles and
administered orally to the animals making sure that no larvae remained
in the bottle.

For each infection larvae were freshly harvested from recent

cultures.

Faecal egg counts

Faecal samples were collected from the rectum and examined by the
modified McMaster technique (Gordon and Whitlock, 1939). 1In this technique
three grams of faeces were homogenised in 42 ml of tap water using an
MSE homogeniser. The resulting mixture was passed through an Endecott
sieve of aperture size 250 microns and 15 ml of the well mixed filtrate
transferred to a flat bottomed test tube. After centrifugation at 2000
rpm for two minutes, the supernatent was discarded and the sediment
agitated using a whirlimixer (Scientific Industries Ltd.). The tube was
then filled to the previous level with saturated salt (NaCl) solution and
inverted six times to ensure thorough mixing.

Using a Pasteur pipette sufficient fluid was removea to fill both
chambers of a McMaster slide (Hawksley and Sons, London, England). As

the eggs rise rapidly the pipetting must be accomplished quickly.



Under a microscope the number of eggs in both chambers of the
McMaster slide was counted and multiplied by 50 to give the total

number of eggs per gram (epg) of faeces.

Irradiation procedure

¥ - irradiation of H. contortus larvae

The irradiation of larvae was carried out in a "Hot Spot" type
60Co irradiation unit (Gamma chamber Mark IV B, Nuclear Engineering Ltd.,
Reading, England) calibrated periodically by Fricke dosimetry and by a
'red perspex dosimeter’f

A known concentration of H. contortus larvae was pipetted into

perspex test tubes held in a circular perspex rack which was then placed

in the central column of the 60

Co unit and lowered mechanically into the
irradiation chamber.
The length of time for which larvae were exposed to the ¥ - rays

depended on the output of the machine and the irradiation dose required.

X - irradiation of H. contortus larvae

The X - ray machine used was a "Siemens Stabilipan 300" (Erlangen,
Germany). At the time of larval irradiation the machine was operated at
180 kV,_ZO mA with an external filtration of 0.1 mm Cu and 1.0 mm Al
giving radiation of HVL 8 mm Al.

A known concentration of H. contortus larvae were pipetted into

the different compartments of a flat segmented perspex dish, 1.65 cm deep
with an internal diameter of 4.4 cm. This dish was then placed on a block
d wood directly under the X - ray source (target). The treatment
distance i.e. the height of the X - ray source from the larval suspension
to be irradiated was 16.7 cm.

As the output of the machine was 1190 rads/minute and the dose
required was 40,000 rads the larvae were exposed for exactly 33.61
minutes.

¥ supplied by Scottish Universities Research Reactor Centre



When two different strains of H. contortus larvae required

the same dose and type of irradiation, concentrations of larval
suspensions were adjusted, so that they were similar and equal

volumes of each suspension were pipetted into perspex tubes/compartments
placed diagonally across from each other in the rack/dish thus ensuring
as far as possible, that both the strains of larvae received the

same treatment.

Blood analysis

Collection and storage of samples

For the analysis of whole blood and plasma, blood samples were
obtained in two different vacutainer tubes (Becton - Dickinson, Rutherford,
New Jersey, U.S.A.) prepared in a similar way.

a) Whole blood - Two ml of blood was collected in a heparinised
vacutainer tube and mixed thoroughly with the anticoagulant by gently
inverting the tube three or four times. This sample was used for
haematological examinations which were carried out within a few hours
of collection.

b) Plasma - Seven ml of blood was withdrawn into a heparinised vacutainer
tube and mixed gently with the anticoagulant. After thorough mixing
the sample was centrifuged at 2000 rpm for 20 minutes in a MSE
centrifuge (Measuring Scientific Equipment, London, England). The
separafed plasma samples were then transferred using clean Pasteur
pipettes into plastic tubes (Luckham Ltd., Victoria Gardens, Sussex)

and stored at -20°¢C.

Haemoglobin (Hb) typing

Before each experiment individual sheep were haemoglobin typed.
Separation of haemoglobin was achieved by Multi-Micro bank electrophoresis
on cellulose acetate paper strips (Shandon celagram Electrophoresis strips,

78 x 150 mm).
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Cellulose acetate strips were saturated with Buffer - A (Pre
buffer (Tris 16.1 gm, Disodium EDTA 1.56 gm, Boric acid 0.93 gm,
Distilled water 1000 ml)) at a pH of 9.0. After five minutes the paper
strips were lightly blotted between clean tissues to remove excess
buffer and placed in an electrophoresis tank (Shandon Southern
Instruments, Frimly Road, Camberley, Surrey) which was partly filled
with 2000 ml of Buffer - B (Barbitone 1.8 gm, Sodium barbitone 10.3
gm, Distilled water 1000 ml) at a pH of 8.5.

Whole blood obtained from individual sheep was haemolysed by
mixing a drop of bleood with a drop of distilled water on an applicator
plate. After careful mixing, the applicator teeth were dipped into
the well mixed samples and applied vertically to the cellulose acetste
strips about 2.5 cm from the cathode end. The tank containing the
strips was then covered, the polarity checked and the samples subjected
to a constant voltage of 150 Volts from a Vokam power pack (Shandon
Scientific Co.) for 30-40 minutes. The strips were then removed and
treated as follows: Soaked for five minutes in 5% - aqueous solution
of Trichloroacetic acid (TCA), stained for five minutes witﬁ Ponceau
S in 3% TCA, washed with 5% acetic acid until the background turned
white.

Different haemoglobin types have different rates of migration
and these are easily recognised in the stained strips. Hb A migrates
the farthest and Hb B the least with Hb AB occupying an intermediate
position.

Haemoglobin type has been reported to influence resistance to

H. contortus infection in sheep (Altaif and Dargie, 1978).

Packed Cell Volume (PCV)

Packed Cell Volume percentages were measured using the

microhaematocrit method. Capillary tubes (Gelman - Hawksley, England)



L
were filled from well mixed blood samples and sealed at one end

with 'Cristaseal' (Hawksley and Sons Ltd., Lancing, Sussex). They

were then centrifuged for five minutes in a microhaematocrit centrifuge
(Gelman - Hawksley Ltd., England) and percentage PCY determined from

the scale on a Hawksley microhaematocrit reader.

Haemoglobin (Hb) concentration

Photometric determination of haemoglobin as cyanmethaemoglobin -

In this method blood is treated with potassium ferricyanide
solution which oxidises haemoglobin to haemiglobin; haemiglobin
is then converted by treatment with cyanide to the stable cyanmethaemo-
globin. This compound isvmeasured colorimetrically and the haemoglobin
content of the sample determined with the aid of a standard solution.

0.02 ml of blood was pipetted into a clean test tube containing
5.0 ml of Drabkins solution (20 ml of cyanide reagent (Potassium ferri
cyanide 0.03 M, Potassium cyanide 0.0387 M, Potassium Aihydrogen phosphate
0.0515 M, Sterox 2.5%) diluted to 1 litre with distilled water) mixed
well and after three minutes the resulting solution was measured Fér
optical density in a spectrophotometer (Spectronic - 20 Colorimeter/
Spectrophotometer, Bausch and Lomb, Rochester, New York) reading at
540 nm. The optical density of the standard solution (Cyanmethaemoglobin,
BDH Chemicals Ltd., Poole, England) was alsoc measured at the same wave
length. Hb concentration in grams per 100 ml of the blood was then

calculated as follows:

Reading of the test
Reading of the standard

gm Hb/100 ml =

x 0.25 x 71.6

(0.25 cofresponds to the dilution factor and 71.6 to concentration of

the standard - mg cyanmethaemoglobin/100 ml).



Total red blood cell {(RBC) counts

Total red blood cell counts were determined using an
electronic particle counter (Coulter counter, Model Dn, Coulter

Electronics Ltd., Herts., England).

Plasma Pepsinogen

Plasma pepsinogen was estimated by a method essentially
similar to that of Edwards, Jepson and Wood (1960) in which plasma
was incubated for 24 hours at 37°C and at pH 2.0 with BSA (Bovine
Serum albumin - No.A - 4503 Albumin, Bovine fraction V, Sigma Chemicals
Co. Ltd., Surrey, England) which acted as the substrate. The tyrosine-
like phenolic amine acids liberated which are non-precipitable
with trichloroucetic acid were determined by the Folin - Ciocalteau
reaction. The colour produced when Folin - Ciocalteau's reagent
(BDH Chemicals Ltd., Poole, England) was added to the filtrate
was measured in a spectrophotometer (Unicam SP 600 - Unicam Ltd.,
Cambridge, Englénd) and the concentration of the liberated chromogenic
substances calculated. Corrections were made for the normal (i.e.
not incubated) content of tyrosine-like substances and also for
the releage of these substances from BSA alone.

The enzyme activity was expressed as milli—unifs (mU) of

tyrosine.

Necropsy procedure

Twenty-four hours before slaughter the animals were starved to
enable easy handling of abomasal contents. The animals were killed
using a captive bolt pistol and immediately bled out.

Abomasum |

A ligature was placed around the pylorus to prevent any loss of

contents and the abomasum together with the omasum was carefully removed

from the rest of the digestive tract.



The omasum was later removed, the abomasum opened aloné the
greater curvature and the contents carefully emptied into a graduated
plastic bucket. The mucosal surface of the abomasum was then washed
with lukewarm tap water and the volume of the combined washings
and contents adjusted to two litres. After thorough mixing duplicate
samples each of 200 ml were taken for estimation of worm populations
and 10 ml of formalin was added as preservative to each sample.

The washed abomasum was divided into egual halves and with
a butcher's knife the mucosa of the whole of one half was scraped
and placed into a honey jar: 200 ml of a mixture of pepsin and
hydrochloric acid (BOO gm of Pepsin A powder dissolved in four
litres of distilled water to which 240 ml of concentrated hydrochloric
acid was later added and the whole solution-made up to eight litres
with distilled water) was then added to the jar which was subsequently
incubated at 42°C for six hours. The digest was then made up to
two litres and duplicate samples each of 200 ml removed and preserved
as described above for the abomasal contents. These samples were

examined for parasitic larval stages.

Worm counting and identification

The preserved samples of abomasal contents and digests
were mixed well and stained witH a few drops of a 45% iodine solution
(to 720 gm potassium iodide in 500 ml of warm distilled water,
450 gm iodine crystals were added and made up to one litre with
distilled water). After thorough stirring four ml aliquot samples
were withdrawn and transferred to petri dishes using a 10 ml straight
"sawn of f" pipette. The samples were decolourised by the addition
of a few drops of a 5% solution of sodium thiosulphate into the
pétri dishes and examined under a dissecting microscope (Wild Model
M5, Heerbrugg, Switzerland). This procedure facilitated counting

in that after decolourising with sodium thiosulphate, the worms



retained the stain and were readily visible in the clear background.
Ten aliquot samples wére examined and the total numbers

of worms present multiplied by 50 to obtain the total number of

worms present in the abomasal contents or multiplied by 100 to

obtain the total number of larvae present in the mucosal digests.

Statistics
The worm burdens were analysed non-parametrically using
the Mann-Whitney U test and probabilities of less than 0.05 were

considered significant.
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OBSERVATIONS

From the beginning of each experiment blood samples were
collected from each lamb or sheep (weekly or twice weekly) and packed
cell volumes (PCVé) estimated. In addition, in Experiments 1 and 2
haemoglobin concentrations (Hb), total red blood cell (RBC) counts
and plasma pepsinogen values were recorded weekly.

From each animal, weekly or twice weekly faecal samples
collected from the rectum were examined for parasite eggs.

At necropsy the abomasum was removed and the numbers of

H. contortus adults and larval stages present in the abomasal contents

and digests of the mucosa recorded.



CHAPTER I

STUDIES DESIGNED TO EXPLORE THE RELATIONSHIP
BETWEEN ANTHELMINTICS AND THE IMMUNE RESPONSE

TO HAEMONCHUS CONTORTUS.

.




Experiment 1 The effect of anthelmintic removal of worms developing

from two doses of irradiated larvae on resistance

to subsequent infection

Introduction

This experiment was designed to study the effect of the
removal, by levamisole or thiabendazole, of immunising worm burdens

developed from infections with irradiated H. contortus larvae on

the development of resistance to subsequent challenge infection

with normal larvae.

Experimental Design

The design of the experiment is given in Table 1. A total
of 21 parasite-naive lambs were used which were 10 months old at
the beginning of the experiment. The lambs were divided into three
groups of five and one group of six animals based on weight, sex
and haemoglobin type. At the beginning of the experiment lambs
from Groups I, II and III each received a dose of 10000 ¥ - irradiated

(60 kr) H. contortus larvae orally, followed by a second dose four

weeks later. Group IV lambs remained uninfected during this period.
Three weeks after each vaccination lambs from Groups I and 11 each
received é dose of thiabendazole and levamisole respectively to
remove the worms which had developed from each dose of irradiated
larvae. Four weeks after the second vaccination the lambs from

all four groups were given 10,000 normal H. contortus larvae and

four weeks later all of the animals were killed.

Results

Haematological Estimations

Packed cell volumes (PCVs)

The mean PCVs of all four groups are shown in Figure 1

and the individual values are given in Appendix A.
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The mean PCVs of all four groups of lambs decreased in
the period between the first and second vaccinations but subsequently
remained at a similar level up to challenge. Between two to four
weeks after challenge, all four groups showed a marked decrease
in PCV, the lowest values being recorded during the fourth week
after challenge: the challenge control group lambs showed the

lowest values of around 20% at this time,

Haemoglobin concentrations and RBC counts

The fluctuations in these parameters reflected changes
in PCV and the mean and individual values for each group are given

in Appendix A.

Plasma pepsinogen values

The mean plasma pepsinogen values of all groups expressed
as mU of tyrosine are shown in Figure 2 and the individual values
are presented in Appendix A.

Following each vaccination there was a rise in plasma pepsinogen
values in all of the vaccinated animals and this was more rapid
and marked following administration of the second dose of vaccine.
After challenge with normal larvae further variable but rapid increases
were observed in the vaccinated sheep followed one week later by
a rise in the values recorded from the challenge controls. At
each stage the vaccinated and levamisole-treated lambs showed the
highest mean values reaching a maximum of 3200 mU cne week post-

challenge.

Parasitological Estimations

Faecal egg counts

Throughout the vaccination period, faecal samples from
all of the vaccinated lambs in Groups I, II and III were negative

for parasite eggs.
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The mean faecal egg counts of all four groups after challenge
are given in Figure 3 and the individual values in Appendix A.
Peak levels were reached four weeks after challenge with the lambs
in the challenge‘control group showing the highest value of 23200
epg at this time. However, three lambs from Group III and one

lamb from Group II had negative faecal egg counts after challenge.

Worm burdens

The mean worm burdens of the lambs in all four groups are
given in Table 2 and the individual worm burdens with the details
of the various stages recovered are presented in Appendix A, The
mean worm burdens of the three vaccinated groups were between 1640-
3130, Group I being the highest. However, the mean worm burdens
of all of the vaccinated groups were not significantly different
from that of the challenge controls (mean 2733). No worms were

recovered at necropsy from one lamb in Group II.

Conclusions
The results indicated that, contrary te all previously
published reports, the larval vaccine failed to confer protection

to subsequent challenge with normal H. contortus larvae.
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Experiment 2 The effect of anthelmintic removal of worms developed

from an immunising regimen of two doses of irradiated

and one dose of normal H. contortus larvae on resistance

to subsequent infection

Introduction

This experiment was designed to assess the immunity produced
by a regimen of two doses of irradiated larvae followed by one
dose of normal larvae, to subsequent challenge with normal larvae.
Three groups of lambs were studied, two of which received a single

anthelmintic treatment before challenge.

Experimental Design

This experiment commenced at the same time as Experiment
I and a total of 21, parasite-naive lambs were used which were
10 months old at the beginning of the experiment. Based on weight,
sex and haemoglobin type the lambs were divided into three groups
of five and one group of six animals. The design of the experiment
is given in Table 3. Lambs from Groups V, VI and VII each received

an oral dose of 10,000 ¥ _ irradiated (60 kr) H. contortus lafvae

followed by a second dose four weeks later. Four weeks after

the second dose of irradiated larvae lambs from all three vaccinated

groups were infected with 10,000 normal H. contortus larvae. Three
weeks after this infection the animals in Groups V and VI received
a dose of thiasbendazole and levamisole respectively to remove all
the worms which had developed from the two doses of irradiated.

and single dose of normal larvae. One week after anthelmintic
treatment, the lambs from Groups V, VI and VII were challenged

at the same time as a group of uninfected-lambs (Group VIII) with

10,000 normal H. contortus larvae. Four weeks later all of the

animals were killed.
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Results

Haematological Estimations

Packed cell volumes (PCVs)

The mean PCVs of all four groups are shown in Figure 4
and the individual values are presented in Appendix A. After the
first vaccination the mean PCVs of the three vaccinated groups
decreased and subsequently remained at a similar level until infection
with normal larvae: following this, Groups VI and VII showed further
decreases in PCV while the mean PCVs of the Group V lambs remained
at a fairly steady level. After challenge the PCVs of the control
lambs in Group VIII showed a marked decrease reaching a mean of
22% three weeks later. Over the same period the mean PCVs of the

other three groups also decreased to between 26-32%.

Haemoglobin concentrations and RBC counts

The mean and individual values are given in Appendix A.
The fluctuations in these parameters were similar to those of the

PCVs.

Plasma pepsinogen values

The mean plasma pepsinogen values of all four groups expressed
as mU tyrosine are shown in Figure 5 and the individual values
are presented in Appendix A. Following each vaccination the plasma
pepsinogen values rose in the vaccinated groups and further increases
in these values occurred after infection with normal larvae. Marked
increases in élasma pepsinogen levels occurred in all groups following
challenge. The highest values were recorded from the Group VII
lambs which reached a mean maximum of 3800 mU approximately one

week after challenge.
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Parasitological Estimations

Faecal egg counts

Throughout the vaccination period faecal examinations from
all three vaccinated groups proved negative. The mean faecal eqg
counts of all four groups after challenge are shown in Figure 6.
After the infection with normal larvae the Group VII lambs had
positive counts from day 84 onwards while the Group VI lambs showed
positive counts only after challenge. During the whole experimental
period only one lamb from Group V had positive egg counts and these
appeared after challenge. The highest egg counts were found in

the Group VIII controls four weeks after challenge.

Worm burdens

The mean worm burdens of the lambs in all four groups are
given in Table 4 and the individual worm burdens togethér with
the details of the various stages recovered are presented in Appendix
A. Although theré was no significant difference between the worm
burdens of any of the vaccinated groups and the worm burdens of
the challenge controls as assessed by the Mann-Whitney U test,
the Group VII lambs had the lowest mean worm burden of 838 compared
with a mean worm burden of 2050 in the challenge contréls.

One lamb from Group VIII had no worms at necropsy although

it had shown consistently positive egg counts after challenge.

Conclusions

In this exéeriment the results suggested that the group
of lambs which received the two doses of irradiated larvae followed
by a dose of normal larvae had developed some immunity against
cﬁallenge. However, because of the high SE this was not statistically
significant. In addition, there was the suggestion that the anthel-

mintic removal of the immunising worm burdens allowed increased
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establishment of the challenge infection but the results were .again

not statistically significant.



DISCUSSION

Following the successful vaccination of calves against

the bovine lung worm Dictyocaulds viviparus using X-irradiated

infective larvae, Jarrett and his colleagues (Jarrett et al, 1959)

attempted to immunise sheep with H. contortus larvae. They found

that seven month old lambs were protected against a challenge consisting
of 8000 larvae following oral administration of a single dose of

10,000 X-irradiated larvae. from these experiments they also suggested
that the optimal level of X-irradiation was between 40 kr and 60 kr.
Later the same group of workers (Jarrett et al, 1961) showed that
following double vaccination with 10,000 L3 irradiated at 40 kr,

lambs aged>eight months were able to resist a challenge infection

consisting of 50,000 normsl H. contortus larvae; the immunity

conferred was highly significant in that the worm burdens of the
vaccinated animals were reduced by 99% compared with those of control
sheep. Bitakaramire (1966) confirmed these findings and showed

that the immune response was directed against third and fourth

larval stages of the challenge infection. Around the same time,

it was shown that lambs less than seven months of age could not

be immunised by the administration of X-irradiated larvae (Urquhart,
Jarrett, Jennings, McIntyre, Mulligan énd Sharp, 1966a,b) and later
studies using ¥ - irradiated larvae also failed to produce protection
in this age group of lambs (Duncan, Smith and Dargie, 1978; Smith
aqg Angus, 1980).

Working with H. contortus in Australia Mulligan, Gordon,

Stewart and Wagland (1961) found it necessary to use an X - ray
dose of 60 kr to produce a degree of attenuation comparable to
that produced by 40 kr in Scotland by Jarrett and his colleagues

(1961) although the quality of the radiation and the dose rate



were similar in both experiments. They attributed this variation
in the radiation dose required for the necessary level of attenuation
to differences in radiosensitivity and inherent pathogenicity of

the two strains of H. contortus larvae used.
' 0

Ina® Co dose titration experiment in this laboratory
Benitez-Usher found that irradiation at 60 kr was more suitable
than 40 kr (Smith and Christie, 1978). This apparent variation
in the required radiation dose using X-ray and ax-ray sources
may have been due to differences in the relative biological efficiency

(RBE) of the two types of radiation since, Kassai, Fitzpatrick

and Mulligan (1966) using the rat/Nippostrongylus brasiliensis

host-parasite system, have shown that the RBE of ¥ - rays is less

than that of X - rays in the dose range where attentuation is manifested.

60

Using the ~Co source to attenuate H. contortus larvae Benitez-

Usher EE.E&.(1977) successfully protected nine month old lambs
against a challenge with 10,000 normal larvae following double
vaccination with 60 kr irradiated larvae administered at monthlyv
intervals.
Smith and Christie (1978) also found that when using
¥ - irradiation, 60 kr was a suitable dose which prbduced the required
level of attenuation and they successfully immunised sheep with

H. contortus larvae irradiated at this level. In later experiments

many workers (Duncan, Smith and Dargie, 1978; Smith and Christie,
1979; Smith and Angus, 1980) also found that a high degree of
protection was-conferred against challenge infection in sheep immunised
using this regimen.

However, from the resﬁlts obtained in the two experiments
reported here it was evident that double vaccination of mature
lambs with 10,000, 60 kr ¥ - irradiated larvae failed completely

to confer protection against a challenge infection consisting of



0

10,000 normal larvae. In both experiments there was no statistically
significant difference between the mean worm burdens of the control
groups, and the vaccinated groups, whether treated with anthelmintic
or not. The only clear evidence that the immune response was operating
at some level was the fact that faecal samples from four immunised
lambs in the first experiment and four in the second experiment
were consistently negative for parasite eggs after the challenge
infection. Faecal egg output is perhaps the most sensitive index
of immunity (Jarrett and Urquhart, 1971) and since all of these
lambs except one, had reasonable worm burdens it is likely that
the immune response was responsible for this effect.

There was no evidence of any error which could account
for this failure of a previously successful vaccination regimen
either during the irradiation procedure or during the course of
the experimeﬁt. The 6OCo source was recalibrated and was found
to be emitting the expected radiation dose. Also the lambs in
both experiments were over seven months of age and therefore immuno-
logically 'mature' at the beginning of the experiments. There
was therefore no obvious explanation for the failure of the vaccine
to confer protection but one possible factor considered was that

the H. contortus larvae, during regular passage in sheep under

laboratory conditions, had developed some deqgree of radiosensitivity
.or radioresistance. The latter however was unlikely since no eqgs
were found in any of the vaccinated lambs during the whole of the
vaccination period. Another possible explanation was that the
larvae had become less immunogenic.

Shdrtly after these experiments were completed we found
from discussions with other workers in Glasgow and Edinburgh (Duncan,
personal communication; Smith, personal communication) that they

also had recently experienced difficulty vaccinating lambs successfully



with 5’— irradiated H. contortus larvae subjected to 60 kr. It

was subsequently established that the strain of parasite used by
both workers and by the writer was from the same source.

Since this situation had developed it was thought best
to abandon the original objective of these studies and instead
to attempt to determine the reason, or reasons, underlying the
failure of the vaccination regimen. The subsequent experiments

in this section are therefore concerned with this objective.

SUMMARY

The two experiments described in this chapter were designed
to study the effect of anthelmintic treatment on the immune response

stimulated by two doses of Haemonchus contortus larvae ¥ - irradiated

at 60 kr.

Unfortunately no conclusions could be drawn from this study
due to the unexpected failure of the vaccine to confer an effective
immunity. There were no obvious reasons for this result and in
consequence it was decided to abandon the original objective and
instead to investigate the cause or causes underlying the failure

of the irradiated larval vaccine.



CHAPTER 11

STUDIES ON RADIATION ATTENUATION OF HAEMONCHUS
CONTORTUS LARVAE AND THEIR IMMUNOGENIC

POTENTIAL.



Experiment 3 A y - irradiation dose titration study using a laboratory

maintained and a field strain of H. contortus

Introduction

The principle involved in radiation attenuated helminth
vaccines depends on achieving a dose of radiation which is sufficient
to reduce the pathogenic effect of the parasite without destroying
its immunogenicity.

In the first two experiments reported in this section the

irradiated H. contortus larval vaccine which had been used successfully

in this laboratory for nearly 20 years failed to immunise lambs
against challenge infection with normal larvae. During this period

the strain of H. contortus used was one which had been maintained

by sub-inoculation of susceptible lambs. All the technical aspects
of these two experiments were thoroughly checked and found to be
satisfactory and the possibility of acquired radioresistance of

the parasite was considered improbable since H. contortus eggs

were not detected in any of the faeces of the vaccinated animals.

One possible explanation for the vaccine failure was that
the larvae had become radicsensitive and therefore were overirradiated
when exposed to 60 kr ¥ - irradiation. They might therefore have
failed to develop in sufficient numbefs to an immunogenic stage.

In an attempt to examine that the strain of H. contortus

maintained in this laboratory had become radiosensitive an irradiatioh
dose titration experiment was designed to compare the radiosensitivity

of the laboratory-maintained strain of H. contortus (Glasgow strain)

with an unrelated field strain of H. contortus recently isolated

from sheep in the south of England (Cambridge strain). Irradiation
was carried out at two levels i.e. 40 kr and 60 kr.
The criterion used to assess radiosensitivity in this experiment

was the percentage establishment or 'take' of single doses of irradiated



larvae of each strain at both radiation levels, compared with that

of normal larvae in appropriate controls.

Experimental Design

The design of the experiment is given in Table 5. Eighteen,
12 week old parasite-naive Scottish Blackface lambs were divided
into six equal groups on the basis of body weight, sex and haemoglobin
type. At the beginning of the experiment the lambs in Groups I

and II each received 10,000 Cambridge strain H. contortus larvae

irradiated at 40 kr and 60 kr respectively in a 60Co source while
the Group III lambs each received 10,000 normal Cambridge strain
larvae. The lambs in Groups IV and V each received 10,000 Glasgow
strain larvae similarly irradiated at 40 kr and 60 kr respectively
while the Group VI lambs each received 10,000 normal Glasgow strain
larvae. Twenty-six days after infection all of the lambs were

killed.

Results

Haematological Estimations

Packed cell volumes (PCVs)

The mean PCVs of all six groups are shown in Figure 7 and
individual vaiues are presented in Appendix A. A decrease in the
mean PCVs of the control lambs iﬁ Groups III and VI was evident
from day eight and these values reached low levels by the third
week after infection. For example, Group VI lambs which received
normal Glasgow stra}n larvae had mean values of around 14% during
this period compared with a mean of 23% in the Group III lambs
infected with normal Cambridge strain larvae.

The groups of lambs given irradiated larvae of either strain
shﬁwed slight decreases in mean PCVs during the second week of

infection. Those which received larvae irradiated at 40 kr (Groups 1



gL

POTTITAH M

¢

A 7 000‘0T - ( ¢ IA
(
5 £9 goo‘or 1 09 (A10jeiogey - mobserg ¢ A
(
x £9 poo‘ort ooy ¢ AT
N 4 ooofor - ( ¢ 11
(
A £9 goo‘or I3 09 ( PT®T4 ~- abpraque] ¢ II
(
A 9 goo‘or I Of ( ., € I
dnoab
97 Aeq 0 Aeq unTleTpRIIT uTells
Asdoaaay uoT3108JuUl ouoa 40 asog SN3J0U0D “H \mMMEMMN dno1g

¢ juawTIsdx3 jo ub

¢ 91qel

1S9Q

v



% PACKED CELL VOLUME

40 -

c----c@Grl
s Gr |l

a—a Gr IV

B Gr V
Chessonee a Gr Hi

20~
[ ]
\ .
=
15 - \
=
10
5 i 1 1 i 1
0 5 10 15 20 25
DAYS

FIG 7



and 1V) had slightly lower values than the groups given larvae
irradiated at 60 kr (Groups II and V). By day 25 however, the
mean PCVs of all four groups given irradiated larvae had returned

to their original values.

Parasitological Estimations

Faecal egg counts

The mean faecal egg counts of all six groups are given

in Figure 8 and the individual values are presented in Appendix

A. Faecal samples from the four groups of lambs given irradiated
larvae were consistently negative. The Group VI lambs which received
normal Glasgow strain larvae had positive egg counts from day 17
onwards while the Group III lambs which received normal Cambridge
strain larvae became positive from day 19. Both of these groups
showed peak egg counts on day 26 after infection but at all times

the Group VI lambs had considerably higher mean egg counts than

those in Group III. For example, the mean egg counts of Groups

VI and II1I on day 26 were 46067 epg and 12300 epg respectively.”

Worm burdens

The:mean worm burdens of the six groups of lambs are given
in Table 6 and the individual burdens in Appendix A. Except in
Group IV which received 40 kr Glasgow larvae and had a small number
of adult male worms all the other lambs given irradiated larvae
harboured only stunted female worms. In control Groups III and
VI which received normal larvae both adult male and female worms
were recovered. The 'take' of normal Glasgow larvae was higaér
Athan that of the Cambridge strain, the group mean worm burdens
at necropsy being 2400 and 1533 respectively. When examined statistically
there was no significant difference between the worm burdens of

Groups I and II which received irradiated Cambridge strain larvae

and their controls in Group III but the worm burdens of Groups
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IV and V which received irradiated Glasgow strain larvae were significantly

lower (P = 0.05) compared with their Group VI controls.

Conclusions
From this irradiation dose titration experiment using two
different levels of & - irradiation the following differences in

behaviour of the laboratory and field strains of H. contortus were

evident. Using normal larvae more worms appeared to esiablish

from the laboratory strain than from the field isolate, the percentage
establishment being 24% for the Glasgow strain and 15% for the
Cambridge strain. The Glasgow strain also appeared to be more
pathogenic as all three lambs infected with normal larvae developed
anaemia with PCVs below 18%. This was due in part to the fact

that more worms were present in these lambs but also it appeared

from a comparison of relative worm burdens and haematocrit values

that the blood loss per individual worm was greater in this group.

Poeschel and Todd (1972), using five different H. contortus isoclates

from sheep, have shown that different strains differ in their disease
producing capacity. The fecundity of the female worms calculated
from egg output and worm burdens at necropsy was also higher for
the Glasgow strain than for the Cambridge strain.

When the percentage establishment of the irradiated larvae
of each strain was compared relative to their appropriate control
group given normal larQae, the establishﬁent of irradiatedvlarvae
from the Glasgow strain was much lower than the establishment of the
irradiated larvae from the Cambridge strain, i.e. at 40 kr and 60
kr, an eétablishment of 32% and 27% compared with 59% and 61% respectively.
This variation in establishment may be due to differences in radiation
susceptibility since it has been shown previously (Mulligan et

al, 1961) that different isolates of H. contortus required different

levels of radiation to produce a similar degree of attentuation



based on worm establishment.

In this study the percentage establishment of larvae irradiated
at 40 kr and 60 kr was similar for gach of the two isolates and
for the Glasgow isolate was essentially the same as those reported
previously (Jarrett et al, 1959; Urquhart et al, 196€a).

Despite the limitations of small numbers of animals the
results of this experiment clearly showed that, the Glasgow strain

of H. contortus had not developed any radiosensitivity detectable

by worm establishment and further vaccination studies were therefore
designed to investigate the possibility that the Glasgow strain

had lost its immunogenicity after repeated laboratory passage.



Experiments 4 and 5 Vaccination studies in immunologically immature

and mature lambs with laboratory and field

strains of H. contortus

Introduction

Since no obvious signs of altered radiosensitivity were
evident from the dose titration experiment vaccination studies
were designed to compare the immunogenicity of the Glasgow and

Cambridge strains of H. contortus larvae.

Basically, two experiments were carried out using both
strains of larvae in five month and 10 month old lambs respectively.
These were simple double vaccination and challenge experiments
in each case using a vaccine consisting of 10,000 & - irradiated
larvae given at monthly intervals followed by a challenge infection
with 10,000 normal larvae one month later. Irradiation was carried out
at .60 kr in 3.60C0 source since the preliminary dose titration
experiments in lambs had indicated similar worm establishment when

larvae were irradiated at either 40 kr or &0 kr.

Experiment 4 A vaccination study in young lambs

Experimental Design

The experimental design is shown in Table 7. A total of
12, five month old parasite naive lambs were used. The lambs were
divided into four equal groups based on weight, sex and haemoglobin
type. At the-beginning of the experiment lambs from Groups VII
and IX each received an oral dose of 10,000 irradiated (60 kr)

H. contortus larvae: Group VII received the Glasgow strain and

Group IX the Cambridge strain. This was followed by a similar
dose of vaccine four weeks later. Groups VIII and X remained uninfected
during this period. Four weeks after the second vaccination lambs

from Groups VII and VIII each received a challenge infection consisting
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of 10,000 normal Glasgow strain larvae while lambs from Groups
IX and X each received a similar challenge consisting of 10,000
normal Cambridge strain larvae. Four weeks after the challenge

infection all 12 lambs were killed.

Results

Haematological Estimations

Packed cell volume percentages (PCVs)

The mean PCVs of the four groups of lambs are given in
Figure 9 and the individual values are presented in Appendix A.
Group VII lambs which were vaccinated with Glasgow strain of larvae
showed a decrease in mean PCY around the time of the second vaccination
while the Group IX Cambridge vaccinated lambs showed a very gradual
decline until the time of challenge. By three weeks after challenge
the mean PCV of the Group VIII lambs which received normal Glasgow
larvae had fallen from around 34% to 24%, while the Group X lambs
which were challenged with the Cambridge strain showed a less marked
decrease from 36% to 31%. The PCVs of the Group VII lambs showed
a slight decrease during the third week after challenge but recovered
to almost pre-vaccination levels by the end of the experiment:

Group IX lambs showed little change in mean PCV after challenge.

Parasitological Estimations

Faecal egg counts

The mean faecal egg counts of all four groups are given
in Figure 10 and the individual values are presented in Appendix
A. During the period of vaccination until two weeks after challenge
examination of faeces from la&bs in Groups VII and IX were_consistently
negative for nematode eggs. Twenty days after challenge positive
egg counts were recorded in all four groups. Group VIII, the Glasgow

controls had the highest mean egg counts at all times whereas the
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mean eqgqg counts of both Cambridge vaccinates and controls were

similar.

Worm burdens

The mean worm burdens of all four groups are given in Table
8 and the individual worm burdens with the details of the various
stages recovered are presented in Appendix A. The Glasgow control
lambs harboured the highest mean worm burden of 2750 adult WOTrms
compared with 1675 in the Glasgow vaccinates but no worms were
recovered from one lamb in the latter group. The Caﬁbridge control
lambs had a mean worm burden of 1263 at necropsy but in all cases
a considerable percentage (range 7-68%) of L4 and L5 stages were
present. The mean worm burden of the Cambridge vaccinates was
675 and although they too harboured immature stages the percentage
of these was smaller than the controls (range 15-43%). The worm
burdens of both groups of vaccinated lambs did not differ significantly

from those of their appropriate controls.

Conclusions

In this experiment lambs aged five months were used. This
was, in fact, not ideal since previous reports have clearly shown
that lambs do not respond fully to vaccination until over seven
months of age. However, for logistic reasons these younger lambs
.were vacecinated.

As judged by the results of a previous study with this
age of lambs (Urquhart, Jarrett, Jennings, McIntyre and Mulligan,
1966b) one should expect a reduction in worm burdens of the order
of 6 %?significant when measured by the Mann-Whitney U test (P
= 0.028). The result of the present experiment did not confirm
this since the worm burdens of the vaccinated lambs were not significantly

different from those of the contreol groups.
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The results of the faecal egg counts and PCVs were similar
to those reported in the previous experiment and confirmed the

higher infectivity of the Glasgow strain.

Experiment 5 A vaccination study in mature lambs

At the same time as Experiment 4 was being carried out
in Glasgow a similar vaccination experiment was carried out in
collaboration with the Animal Diseases Research Association (ADRA)

Edinburgh.

Experimental Design

The design of this experiment which is shown in Table 9
was essentially similar to Experiment 4 with the exception that

the animals used were 10 month old Suffolk-Greyface cross lambs.

Results

Haematological Estimations

Packed cell volume percentages (PCVs)

The mean PCVs of all four groups are given in Figure 11
and the individual values presented in Appendix A. Neither of
the two vaccinated groups (XI. and XIII_) showed any marked decrease
in mean PCV during vaccination. By two to three weeks after challenge
however, the mean PCVs of all groups decreased and with the exception

of the Cambridge vaccinates fell below 30%

Parasitological Estimations

Faecal egg counts

The mean faecal egg counts of all four groups are given
in Figure 12 and the individual values are presented in Appendix
A.  Until 20 days after challenge infection faecal samples from

all four groups of animals were consistently negative for nematode
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eggs. Subseguently, positive counts were recorded in all four

groups, the highest counts peing recorded for the Glasgow controls.

Worm burdens

The mean total worm burdens of the four groups of animals
are given in Table 10 and thé'individual counts with details of
the various stages recovered are presented in Appendix A. Lambs
from Groups XI and XII which were challenged with the Glasgow strain

of H. contortus had extremely high worm burdens, one challenge

control animal having 10684 worms at necropsy. A few immature

stages were present in these two groups of lambs. The mean worm
burdens of Groups XIII and XIV lambs i.e. infected with the Cambridge
strain, were much lower being 1007 and 1454 respectively. Immature
stages were recovered in both of these groups, particularly the

vaccinated group.

Conclusions

It was obvious from the results obtained in this experiment
in mature lambs that vaccination with both strains of larvae was
unsuccessful in preventing the establishment of a significant.number
of challenge worms. In fact the results were similar to those
obtained in the previous experiment using five month old lambs
(Experiment 4). This is in contrast to all the earlier published
-reports.

The very high worm burdens recorded with the Glasgow strain

of H. contortus gives some reason for unease and one might suspect

that the larval doées were accidentally miscalculated. However,
our collaborators at the ADRA were unable to find any evidence
of this in retrospective checking.

In both vaccination experiments (Experiments 4 and 5) the

field iscolated Cambridge strain of H. contortus larvae showed signs

of inhibition or delayed development. This was found to be more
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marked in the older lambs and especially in the vaccinates. Since
the inhibited development of the Cambridge isolate created further
variables in these investigations it was decided not to use this

strain in future studies.



DISCUSSION

The three experiments described in this chapter were undertaken

to find out whether the Glasgow strain of H. contortus larvae had

developed radiosensitivity due to regular passage under laboratory
conditions and thereby had become less infective and less immuno-
genic. The radiosensitivity and immunogenicity of the Glasgow

strain was compared with a cbmpletely unrelated and recently isolated

field strain of H. contortus obtained from S.E. England (Cambridge

strain).
Results obtained from the dose titration experiment (Experiment
3) indicated that when the % establishments of irradiated larvae
were considered there was no evidence of over attenuation at 60
kr dose level as the mean worm burdens of the groups of lambs which
received larvae irradiated at 40 kr and 60 kr were similar for
both strains although the % establishment of the Cambridge strain
was lower than that of the Glasgow strain for irradiated 'and normal
larvae. The results obtained with the Glasgow strain were also
similar to those obtained in the original studies by Jarrett and
his colleagues (Jarrett et al, 1959; Urquhart et al, 1966a). Thus
it was assumed that the Glasgow strain had not developed radiosensitivity
in terms of worm establishment. Therefure, Experiments 4 and 5
were cérried out using five-month-old and mature lambs to investigate
the possibility that this strain may have lost its original immunogenicity.
It was obvious from the results obtained fro@ these two
experiments that double vaccination at monthly intervals was unsuccessful
in preventing the establishment of a significant number of challenge
worms administered a month after the second vaccination in both
strains of larvae in mature and immature lambs. In earlier studies
Urquhart et al (1966b) showed significant reductions in the challenge

worm burdens of five-month-old lambs double vaccinated with H. contortus




larvae X -~ irradiated at 40 kr.

In both vaccination experiments (Experiment 4 and 5) the
field isolated Cambridge strain showed signs of inhibition or delayed
development. This inhibition wés found to be more marked in older
lambs especially in the vaccinates. In field studies in Cambridge,

Connan (1971) demonstrated inhibition of H. contortus larvae during

late summer and autumn. He also showed (Connan 1975) that the

age of the host had an influence on inhibited development in that
the larvae were less inclined to inhibition in very young animals.
To avoid further variables in these vaccination studies due to
inhibition of larval development the Cambridge strain was not used

in the following studies.
SUMMARY

The findings of two studies using irradiated larvae are
reported in this chapter. The first of these was a titration experiment
to examine the attenuating effect of 40 kr and 60 kr ¥ - irradiation
on infective larvae.

The results when compared with those of the previous experiments,
in terms of sterile female worms and sex ratio, showed no evidence
that the strain maintained in this laboratory had become more radio-
sensitive.

The second study involved two experiments designed to assess
the protection derived from two doses of larvae irradiated at 60
kr. Both of these experiments were unsuccessful when compared with
previously published reports and confirmed the earlier finding that
the 60 kr irradiated larval vaccine failed to confer protec?ion

against subsequent challenge.



CHAPTER III

VACCINATION STUDIES USING NORMAL AND ATTENUATED

HAEMONCHUS .CONTORTUS LARVAE.




Experiment 6: The immunising effect of two doses . of normal

H. contortus larvae against subsequent challenge

Introduction

Since previous experiments had indicated that irradiated

H. contortus larvae of the laboratory strain maintained in Glasgow

seemed to have lost their immunising properties a small experiment
was carried out to examine the immunogenicity of this strain of
larvae. This study involved two sensitising infections and a subsequent

challenge infection of a group of lambs with normal larvae.

Experimental Design

The design of the experiment is given in Table 11. A total
of six parasite naive lambs were used and these were twelve months
o0ld at the beginning of the experiment. The lambs were divided
into two equal groups based on weight, sex and haémoglobin type.

At the beginning of the experiment lambs from Group I each received

a primary infection consisting of 10,000 H. contortus larvae orally.

Four weeks after the first infection these lambs were given a second
infection consisting of 10,000 L3. Group II lambs remained uninfected
during this period. Three weeks after the second infection lambs

from Groups 1 and Il each received a dose of the anthelmintic levamisole

followed one week later by a dose of 10,000 normal H. contortus

L Four weeks after challenge all the lambs were necropsied.

3
Results

Haematological Estimations

Packed cell volumes (PCVs)

The mean PCVs of the two groups are shown in Figure 13
and the individual values are presented in Appendix A. The mean
PCV of the Group I lambs decreased from 36% to 27% after the first

infection but subsequently remained between 27-30% till the end
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of the experiment. The mean PCV of the challenge controls (Group
I1) showed a marked decrease falling from around 32% to their lowest

mean value of under 22% (21.7%) four weeks after the infection.

Parasitological Estimations

Faecal egg counts

The mean faecal egg counts of the two groups from the beginning

of the experiment are given in Figure 14 and the individual values

are presented in Appendix A. Twenty-one days after the first
infection eggs appeared in the faeces of the Group I lambs and

their weekly samples remained positive till anthelmintic treatment

on day 49. Twenty-one-days after challenge all of the lambs had
positive faecal egg counts and peak values were reached four weeks
after challenge in both groups. The egg counts of the challenge
control lambs in Group II were considerably higher than those of

the previously infected Group I lambs.

Worm burdens

The individual and mean worm burdens of the lambs in Groups
I and II are given in Table 12 and details of the individual Qorm
burdens are presented in Appendix A. The mean worm burdens of
Groups I and II were 1983 and 4217 respectively. Although statistically
there was no significant diFFerehce between the group worm burdens
(P = 0.1) two of the three preinfected lambs had low worm burdens

of 200 and 800 worms.

Conclusions
fhis small experiment was undertaken to establish whether
two doses of normal larvae of Glasgow strain given at an interval
of- one month apart would stimulate resistance to a challenge infection

given one month after the last infection.
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Unfortunately, because of the small size of the groups
i.e. three sheep in each, the—results were somewhat equivocal.
The mean worm burdens of 1983 to 4217 in the immunised and control
groups respectively, were not significantly different as determined
by the Mann-Whitney test. Nevertheless this does represent a 53%
reduction in the mean worm burden of the immunised group; also
two of the three immunised sheep had low worm burdens of 200 and
800.

A previous report on the degree of immunity stimulated
by two doses of normal larvae is that of Manton et al (1962) who

found that a group of eight mature lambs immunised with two doses

of QPOD H. contortus larvae at an interval of one month and challenged
30 days later with five daily douses of 3000 larvae had a mean worm
burden of 23 worms compared to 6023 in the control group - a reduction
in worm burden of 99.6%. Their strain of larvae was a derivative
of the Glasgow strain although their experiment was carried out
20 years ago.

In their experiment an anthelmintic was not used but i£
seems unlikely that the use of levamisole in the current experiment
was responsible for the apparent absence of immunity since Smith
and Christie (1979) have reported that levamisole did not interfere
with the immune response stimulated by vaccination with irradiated

H. contortus larvae when a single dose of anthelmintic was given

three weeks after the immunising schedule (i.e. one week before
challenge).

One might perhaps tentatively conclude that this experiment
has demonstrated a relative lack of immunogenicity in the larvae

used.



Experiment 7 A vaccination study using two laboratory strains

of H. contortus and two sources of irradiation

Introduction

To further explore the apparent loss of immunogenicity

of the Glasgow strain of H. contortus an experiment was designed

where the radiation dose was reduced from 60 kr to 40 kr and another

laboratory maintained strain of H. contortus was included for comparison.

In addition, both ¥ - radiation and X - radiation were used as
both types of irradiation had proved successful in earlier vaccipation
studies, recent failures being confined to experiments using the

60Co source.

Experimental Design

The design of the experiﬁént is given in Table 13. A total
of 24, nine month old lambs were used. The lambs were divided
into six groups of four based on weight, sex and haemoglobin type.
At the beginning of the experiment lambs from Groups III and IV

each received 10,000 Glasgow strain H. contortus larvae irradiated

at 40 kr by - rays and X - rays respectively. At the same time
lambs from Groups VI and VII each received a dose of 10,000 H.
contortus larvae obtained from the laboratories of Merck Sharp
.and Dohme (MSD) irradiated at 40 kr by & - rays and X - rays respectively.
This vaccination procedure was repeated four weeks later. Groups |
V and VIII la&bs remained uninfected during this period. Four

weeks after the second vaccination the lambs from Groups III, 1V

and V each received 10,000 normal Glasgow strain H. contortus larvae

while lambs from Groups VI, VII and VIII each received 10,000 normal

MSD strain H. contortus larvae. Four weeks after the challenge

infection all animals were necropsied.
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Results

Haematoulogical Estimations

Packed cell volumes (PCVs)

The mean PCVs of all six groups are shown in Figure 15 and the
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