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GENERAL

INTRODUCT ION




The object of the work described in this thesis was to investigate
the manner in which cattle respond to infections with the trematode

parasite Fasciola hepatica commonly designated the common liver fluke,

It is perhaps apt to begin with a description of the life cycle of

this parasite F. hepatica, The existence of worms termed 'flokes' had been

recorded in the liver of diseased sheep in the 16th century (Fitzherbert
1534), The complex life cycle involving its intermediate host, a snail,
was pieced together by various investigators over the next L4 centuries
and was finally completed by the investigation of Krull and Jackson (1943),
The sequence of discoveries which elucidated the 1ife cycle of F. hepatica
have been comprehensively reviewed by Pantelouris (1965) and Reinhard
(1967). The life cycle of F. hepatica develops as follows,

Eggs are produced by mature parasites in the bile ducts of the
final host. These egygs are passed out of the host in the faeces and
under suitable conditions hatch to release a free swimming form, the
miracidium, The function of the miracidium is to find and infect the

intermediate host. A mud snail, Lymnaea truncatula is the intermediate

host in Great Britain, In the intermediate host 3 stages develop, the
miracidium develops into the next stage a sporocyst which is virtually a
sac lined with germinal cells. The next stage, the rediae develop from
the sporocyst and migrate from the pulmonary chamber to the liver of the
snail, The rediae can develop in two ways, into a further generation of
rediae or into cercariae, The cercariae emerge from the intermediate host,
find a suitable site such as a blade of grass, and there encyst to form

metacercariae, The metacercariae are ingested by a suitable host, excyst

in the alimentary tract liberating a juvenile fiuke. This then migrates
through the wall of the alimentary tract across the peritoneum and through
the liver to a final location in the bile ducts of the host, Here the

parasites become mature and produce eggs.
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The conditions necessary for the successful development of each
stage of the parasite have been reviewed by Pantelouris (1965) but
under optimum conditions in the laboratory it takes 7-9 weeks from the
shedding of an egg to the liberation of cercariae from an infected snail,
It requires 6-8 weeks after infection of a suitable host for the mature
parasite to migrate to their final location in the bile ducts and a
large proportion of this period is spent migrating in the parenchyma of
the liver,

The earliest available description of a disease associated with
liver fluke was recorded in England by Fitzherbert (1534) who described
the clinical signs of a wasting disease in sheep associated with the finding
of flukes in the liver, A similar disease was described in sheep in
France by De Brie (1541), Liver flukes were not recorded as being
associated with a disease of cattle until Wiltus (1674) described finding
flukes in the livers of cattle in Seelund.

Davaine (1877) reviewed the literature concerning reported outbreaks
of fascioliasis ovef the previous three centuries, described the clinical
signs associated with F, hepatica infections in sheep and cattle,
including the observation that the disease occurred much less frequently
in cattle than in sheep and was rarely seen in cattle over 2 years old.
The clinical signs as described by Davaine (1877) were dullness,
inappetance, pallor of the mucous membrane, and subcutaneous oedema, a
description of chronic fascioliasis which applied to the sheep could not
be improved upon in the present day.

In Britain however, at the end of the 19th century, the only
clinical signs attributable to fluke infection in the bovine as described
in a text book of cattle disease (Steel 1895) were those of a transient

jaundice due it was thought to the occlusion of the common bile duct by flukes,




A clinical description of fascioliasis in cattle did not become
generally available in Britain till the publication of an English
transtation of a French parasitology text book (Neuman 1905). It
noted that the disease in cattle was rarely fatal but the fatal disease
was associated with marked wasting and diarrhoea, It also stated

that severe liver damage associated with tiver flukes was found at
slaughter in the livers of cattle which did not show clinical signs of
the disease during life.

Little was added to these ciinical descriptions of the disease over
the next 50 years and the clinical signs were recorded as loss of weight,
anaemia and chronic diarrhoea by a standard veterinary text book in 1963
(Blood and Henderson). it was only recently that Reid, Armour, Jennings
Kirkpatrick, Urquharf (1967) showed that the diarrhoea described in cases
of cattle fascioliasis was in actual fact due to a concurrent infection

with the gastro=-intestinal nematode Ostertagi ostertagi. The clinical

signs attributable solely in infection with F. hepatica in cattle were
finally defined by Ross (1966a) Reid (1968) as progressive loss of weight,
anaemia and hypoalbuminaemia, Diarrhoea Was not recorded in any of
these cattle nor was subcutaneous oedema. The clinical signs were
associated with the presence of adult flukes in the bile ducts and became
apparent from 12 weeks after infection onwards, The relationship
between the development of clinical signs, the animal's acquired fluke
burden and its nutritional status has been discussed by Reid, Doyle,
Armour, Jennings (1972) where it was proposed that moderate burdens

(100 - 300 flukes) may only result in clinical signs of fascioliasis if

the animal is also on low plane of nutrition,



The clinical disease in cattle is predominantly chronic in nature
and only sporadic cases of acute or subacute fascioliasis have been
reported where heavily infected experimental calves (1,500 - 20,000
metacercariae) have died 3-10 weeks after infection with severe liver
damage attribﬁtable to large numbers of migratory immature flukes
(Boray 1967, Ross 1967a).

The many experimeﬁts concerning proposed mechanisms for the
pathogenic effect of F., hepatica in chronic infections of animals have
been extensively reviewed during the last ten years by Taylor (1964)
Dawes and Huges (1964) Pantelouris (1965) Sinclair (1967) Boray (1969)
Dawes and Hughes (1970) but only over the last three years has conclusive
evidence become avai]aBle to define several aspects of the pathogenesis of
F. hepatica infections in sheep and rabbits,

The principal factor in the aetiology of the anaemia of chronic
fascioliasis in sheep and rabbits has been shown using 5]Cr label led
erythrocytes to be a marked loss of erythrocytes from the circulation
via the bile into the gut presumably due to the feeding activities of the
flukes (Holmes, Dargie, Maclean, Mulligan 1968, Sewell, Hammond, Dinning
1968, Sinclair 1971c). It had previously been shown by Todd and Ross
(1966) that the caecal contents of flukes contained such large amounts of
breakdown products of haemoglobin that they could only result from the
ingestion of whole blood by the flukes. This hypothesis received
further substantiation when it was found that caecal material in flukes
taken from sheep with 59Fe in their plasma contained large amounts of the
radioactive iron in the form of oxyhaemoglobin. Studies of the metabolism

of 23

Fe (Symons and Boray 1968, Dargie and Mulligan 1970) showed the rate
of erythropoesis in clinically infected sheep and rabbits had reached a

maximum before the anaemia developed and that there was no evidence to
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support the view that dyshaemopoesis is the major factor in the
aetiology of the anaemia of chronic fascioliasis as proposed by Sinclair
(1964) and Sewell (1966).

This loss of blood into the bile ducts has also been shown to be
the principal factor in the aetiology of the hypoalbuminaemia associated
with chronic fascioliasis and infected animals are markedly hypercatabolic
with regards to albumin metabolsim, (Dargie, Holmes, MaclLean, Mulligan
1968a). The hypoalbuminaemia of chronic fascioliasis therefore is due to
excessive loss by leakage into the bile ducts associated with hyperproduction
of albumin rather than a failure of production due to liver damage as
previously supposed (Sinclair 1967). The simultaneous use of radioactively
labelled erythrocytes and albumin fn fluke infected rabbits (Dargie,

Holmes, MacLean, Mulligan 1968b, Dargie and Mulligan 1971) has shown
conclusively that hypercatabolism of these constituents was due to their
loss into the gut and thus only became apparent after the adult flukes had
entered the bile ducts.

Nansen (1970) in a study of the metabolism of the various subclasses
of bovine IgG descfibed the accelerated catabolism of the 'slow' subclass of
-1gG in 9 heifers with chronic fascioliasis due it was thought to the
loss of this immunoglobulin along with other blood constituents into the
bile as large quantities of the radioactively labelled protein were found
in the bile of these animals at slaughter,

The weight of evidence for the haematophagic nature of the adutt

fluke is now so great as to render the hypothesis that the adult fluke

‘Feed by browsing on the biliary epithelium (Dawes 1963a, Dawes and Hughes

1964) highly uniikely,



The clinical disease caused by infections with F, hepatica in
cattle then would appear to be chronic in nature, rarely fatal, associated
with the haematophagic nature of adult flukes and confined to young cattle
on a poor nutritional plane,

Economic losses due to fascioliasis in cattle however are not
related to the clinical but rather to the subclinical infections in
apparently healthy cattle, There are two aspects of the economic loss,
the first is due to the effect of [. hepatica infection lowering production
during economic life of the animal and the second is the loss of revenue
due to condemnation of affected livers at slaughter,

There are few detailed experiments into the effect of F, hepatica
infection in cattle upon the subsequent productivity of these cattle
whether producing milk or beef. The effects of F. hepatica infection on
milk production has been estimated to be in the region of 14-35% loss in
heavy infections (Gebaur 1939), 11.5% loss in moderate infections (Doekson,
Heringa, Swierstra 1949), 6-8% loss fn light infections (Leinati, Carrara,
Recalcati 1961, Vink 1961, Ross 1970). The effects of F. hepatica
infections on beef production has beén expressed in several ways, A
difference of approximately .01 kg./day between the weight gains of
infected and uninfected cattle, has been shown by Mikacic and Krsto (1960)
and Ross (1970). Infected cattle has been reported as being an average
of L0 kgs. ligHter than comparable uninfected cattle at slaughter (Neuhaus
and Six 1965). Hope, Cawdrey and Conway (1970) reported that bullocks
with experiméntal chronic Faséioliasis required 11% more food to achieve

the same weight of gain as uninfected bullocks kept under the same conditions.



The overall iﬁfection rate in various countries as judged by the
condemnation rates of infected livers at slaughter has been recorded and
in some cases an estimation of the consequent financial loss has been
provided,

In the Netherlandsin 1959, 70% of all bovine livers were totally
or partially condemned due to fascioliasis with an estimated total
consequent loss of 200 million guilders (23 million pounds) (Vink 1961),

Ten years later total losses attributable to bovine fascioliasis
in the Netherlands was estimated at 150 million guilders {17 million
pounds) (Koopman 1969).

in Switzerland épproximately 66% of bovine livers in 1959 were
condemned due to fascioliasis with a consequent loss of 500,000 S.F./year
(£50,000) (Fuhriman 1961).

Loéses in the German Federal Republic in meat production attributable
to F, hepatica infections in cattle were estimated at an annual loss of
170 million D.M. (£16,400,000) (Neuhaus and Six 1965),

in the United States of America the losses due to condemnations of
bovine liver due to fascioliasis were estimated in 1942 to be 2% million
dollars (Frederick 1942) and in 1953 to be 3 million dollars with a total
economic loss of 10 million doltars (Price 1953).

The incidence of bovine fascioliasis in abattoirs in Japan has been
recently reported to be 20-30% (Watanabe 1967).

In Great Britain a survey of abattoir records in 1942 showed an
average condemnation of 17.7% of bovine livers due to fascioliasis and
this was estimated to result in a loss of £200,000 per annum (Peters
and Clapham 1942), In 1964 a similar survey showed 21,7% of bovine
livers condemned'due to fascioliasis at an estimated value of £1 million
pounds (Blamire 1964), This survey was extended over 1960-1968 and it
was then shown that én average of 21,7 = 30.8% of all bovine livers were

condemnded due to fascioliasis (Blamire, Crowley, Goodhand 1970).




The condemnation figures from 56 abattoirs in Englénd and Wales for
the years 1961-1970 are shown in table 1. It can be seen that an
average 25.8% of bovine livers were condemned due to fascioliasis and if
this figure is applied to the 3-5 million cattle slaughtered annually
in Great Britain it represents an economic 1oss due to condemnations
alone of £3~5 million pounds. The condemnation figures from L4 Scottish
abattoirs for the years 1962-1970 are shown in tabie 2 and it can be seen
that the average condemnation rate of bovine livers due to fascioliasis
(26%) was the same as the average condemnation rate in the 56 abattoirs
in England and Wales,

These averagé condemnation rates for bovine livers due to
fascioliasis doe not however reflect the incidence of fascioliasis in
the wetter western areas of the country where conditions favour the
development of the parasite, In Northern Ireland surveys of abattoir
records show that in 1963, 63% of all bovine livers were condemned due to
fascioliasis and in 1965 the condemnation rate had risen to 80% of all
bovine Tivers at slaughter (Ross 1966b, Thornton 1968). The condemnation
returns for bovine livers due to fascioliasis from 11 abattoirs in the
South West Region of England for the years 1969-1971 are shown in table 3
and can be seen to be 10-14% higher than the national condemnation rates
in these years, Individual abattoirs had condemnation rates of affected
livers as high as 73%. The average condemnation rate of Glasgow abattoir
for the years 1962-1970 is 32.2% whereas the average condemnation rate for

three abattoirs in the East of Scotland over the same period is 20,4%.

It can be seen therefore that approximately a quarter of the cattle
population of Great Britain are infected with F. hepatica at some point
during their lives and this must result in a severe economic loss due both

to interference with production and loss of revenue at slaughter,



TABLE 1

Incidence of fascioliasis in cattle at 56 slaughterhouses in
England and Wales for the years 1961 - 1970

Year Number of No. of offals % of offals Approx, cost at
cattle slaughtered condemned condemned £2,50/1iver
1961 675,562 156,062 23.1 £266,852.00
1962 677,215 165,212 2L 4 £319,837.00
1963 690, 73k 152,731 22.1 £430,467.00
1964 642,639 139,216 21.7 £489,230 .00
1965 588,929 141,316 24,0 £381,475.00
1966 583,291 152,590 26.2 £353,290.00
1967 636,050 195,692 - 30.8 £348,040.00
1968 612,031 172,187 28,1 £381,827.00
1969 361,989 127,935 35.3 £413,030.00
1970 373,077 106, 741 28.6 £390,155.00
Average 584,152 150,968 -2_5:_; £377,420.00

K



TABLE 2

Incidence of fascioliasis in cattle in b slaughterhouses in
Scotland for the years 1962 - 1970

Year No. of No. of offals % of offals Approx. cost at
cattle slaughtered condemned condemned £2.50 per liver

1962 302,975 70,938 23.4 £177,345

1963 323,609 83,711 25.9 £209,277

1964 315,291 76,669 24,3 £191,672

1965 302,405 68,466 22,6 £171,165

1966 296,751 83,303 28.1 £247,202

1967 306, 361 99,158 32.4 £247,895

1968 287,509 83,685 29.1 £209,212

1969 254,107 73,676 29.0 £184,190

1970 265,563 49, 841 19.1 £124,602

Average 294,952 76,605 26% £191,512




Year

1969
1970
1971

TABLE 3

Incidence of fascioliasis in cattle at 10 slaughterhouses in
the South West Region of England from lst January, 1969

Number of No. of offals % of offals

cattle slaughtered condemned condemned
65,111 31,951 Lo, 1
52,202 20,198 38.7

13,086 4,409 33.7



Bovine fascioliasis can thus be seen to be an important disease of
cattle and its economic effect is the result of subclinical rather than
clinical infections.

This apparent discrepancy between the number of cattle with
evident damage due to fascioliasis in their livers at slaughter and the
lack of any corresponding clinical disease during life has been noted by
various authors since the 19th century (Davaine 1877, Montgomerie 1931).
|t was also noted that these bovine livers contained fewer flukes than
did sheep tivers affected with fascioliasis and from both these
observations it was deduced that cattle were more resistant than sheep

to infection with F. hepatica. A detailed review of the relevant

literature will be found in the introduction to the first part of this
thesis.,

The purpose of the experiments described in this thesis was to
investigate and define this apparent resistance of cattle to infections
with F. hepatica under controlled experimental conditions. It was
necessary therefore to consider what criteria would be acceptable in the
definition of any 'acquired resistance' of calves to experimental infections

with F. hepatica,

Stirewalt (1963) listed the criteria used in assessing acquired
resistance to schistosome infections in man and animals, the most important
and wideiy adopted of these are as follows:-

1) The ability of a host to mount a 'self-cure'! response,

2) A reduction in the expected worm burden from a given infecting
dose.

3) A reduced level of disease in the host.

These criteria can thus be applied to the results of any experimental
infection of cattle with F. hepatica to define the presence or absence

of any such resistance,
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While these criteria can be used to assess the presence or absence
of an acquired resistance to infections with F. hepatica they do not
however indicate the mechanism of such a resistance, A further set of
criteria are required to define whether such a resistance is dependent
on the expression of a specific immune response by the host or if it is
the result of previous infections damaging host tissue thus rendering
the environment unsuitable for the development of any subsequent infection.
An acquired immunity is dependent on the expression of a limited number
of allergic reactions as defined by Coombs and Smith (1968) and Coombs
(1968). The possible allergic reactions were arranged into 4 groups or
modes as follows:-

Mode A - involves the action of serum antibody with or without

soluble molecular co=factors

Mode B -~ involves the action of serum antibody, soluble co-factors
and non-allergized cells,

Mode C =~ involves serum antibody which passively allergizes cells such
as mast cells or macrophages

Mode D =~ involves actively allergized cells such as lymphocytes, immune

macrophages etc,

The involvement of one or more of these allergic reactions in the
acquired resistance of cattle to infections with F., hepatica would show
the acquisition of a specific protective immune response on the part of
the host.

These two sets of criteria can be used therefore to assess the
presence of an acquired resistance and any involvement of the immune
response in such an acquired resistance.

The work described in this thesis is divided into 4 parts. The
first part describes the experimental investigation into the acquired

resistance of parasite-free calves to experimental infections with F. hepatica.
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The second and third parts of the thesis describe immunologic

developments associated with these infections and the fourth part

describes some aspects of the gross and histopathological changes associated

with F, hepatica infections in the calves,



PART 1

EXPERIMENTAL INVESTIGATION OF THE RESPONSE OF SUSCEPTIBLE
CALVES TO PRIMARY AND SECONDARY INFECTIONS WITH FASCIOLA
HEPATICA
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Introduction and Review of the Literature

The literature currently available on fascioliasis is extensive
and has been the subject of several recent review articles, (Dawes and
Hughes 196k, Sinclair 1967, Boray 1969, Dawes and Hughes 1970) of which
the most comprehensive is Boray (1969),

This review of the literature will therefore be confined to the
literature concerning acquired resistance to infections with F. hepatica
in domestic and laboratory animals. Investigations into acquired
resistance to F, hepatica infections have been described in cattle, sheep,
mice, rabbits and rats and the available literature for each species will
be reviewed in turn. The literature on aspects of acquired immunity to

Schistosome, Nippostrongylus brasiliensis and Trichinella spiralis

infections which are considered relevant to this thesis will also be
reviewed,
Cattle

It has been accepted for some considerable time that cattle are

resistant to infections with Fasciola hepatica, This observation has been

made by many authors with little or no experimental evidence cited to
support this premise,

Hutyra and Marek (1926) considered that F. hepatica has a life span
in various hosts including cattle of from 3-5 years but that the majority
of the flukes lived for only 9 months to one year,

Montgomerie (1931) referring specifically to cattle livers in
abattoirs observgd that the livers of two and a half year old cattle
commonly showed evidence of severe fluke infestation in the absence of any
flukes in these livers.

Morrill and Shaw (1942) infected 2 cattle each with 1000 metaceracriae
of F. hepatica and 5 months later reinfected one with a further 48

metacercariae. Both cattle developed only a mild anaemia and at slaughter
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9 months after the initial infection 48 and 544 flukes were recovered
from their livers. The authors concluded on the basis of the lack of
any clinical disease that the pathogenic effect of F, hepatica in cattle
is small and also that calcification of the bile ducts may be an important
defensive reaction on the part of the host.

Dixon (1964) suggested on the basis of comparative stunting of flukes
from infected cattle as compared to those from infected sheep that conditions
in the bovine host were less favourable than in sheep,

Taylor (1964) stated that cattle are able to eliminate an infection
with F. hepatica err a period of time unless the infection has been
unusually severe but does not provide any evidence for this statement or
any indication of what is considered to be an unusually severe infection,

Ross (1966c) stated that a limited life span is a feature of patent
F. hepatica infections in cattle bﬁt that this could be influenced by a
number of factors including the number and size of previous infections and
the immune status of the host. No experimental evidence was put forward
to support these suggestions. Ross, Todd, Dow (1966) had however
previously reported an experiment where parasite free calves were infected
with either 200, 300 or 1300 metacercariae of F. hepatica and no loss of
adult parasites had occurred between eight to twenty three weeks after
infection.

Keck and Supperer (1967) in a radiographic study of bile duct
calcification in fluke infected bovine livers stated that the calcification
of the bile ducts had become severe eight to nine months after infection
and at this time only a few isolated flukes could be found, No further

experimental evidence was reported.
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More recently experiments have been described which would appear
to support the premise that cattle can over a period of time eliminate at
least part of the fluke population derived from a single infection of

F. hepatica.

Boray (1967) infected four 6-8% month old parasite free steers each

with 1000 metacercariae of F., hepatica,. A single calf became anaemic 21

weeks after infection, the faeces egg counts reached a maximum 20 weeks
after infection, then declined and the calves were described as having made
a spontaneous recovery, The calves were then used for further experiments
so no details of acquired fluke burdens were given nor was any explanation
put forward to explain this apparent spontaneous recovery.

Reid (1968) infected four parasite free calves each with 2000

metacercariae of F., hepatica. All four calves developed anaemia and

hypoalbuminaemia, Two calves died twelve weeks after infection, the
remaining two calves were killed twenty five weeks after infection, Three
hundered and fifty three and six hundred and fifty four flukes were recovered
from‘the livers of the calves dying 12 weeks after infection as compared to
15 and 93 flukes recovered from the livers of the calves killed 25 weeks
after infection. Reid considered the possibility that an acquired self-
cure reaction could have occurred due to bile duct calcification.

Ross (1968) using a mixture of field and artificial infections in
calves desaribed‘the loss of 75% of the acquired fluke burden between the
5th and 21st month after infection associated with decreasing faeces egg
counts after 5 months of infection. This percentage reduction was derived
from the comparison of the number of flukes recovered from a single calf
with the mean burden of 4 calves killed 2-5 months after artificial

infection with F. hepatica.




58

There was therefore in the literature no statistically significant
experimental evidence based on the number of flukes surviving at given
times after a single infection of cattle with F. hepatica to justify the
widely held view that cattle could over a period of time eliminate their
acquired fluke burden.

The response of previously infected calves to reinfection with
F. hepatica had not been considered until the recent studies of Ross
(1966a, 1967b) Boray (1967), Horchner (1969).

Ross (1966a) infected each of 6 calves with 200 metacercariae of
F. hepatica and after 21 days challenged three of these calves and three

previously uninfected control calves with 300 metacercariae of F, hepatica.

The reinfected calves were killed 10, 14 and 19 weeks later and the control
calves 7, 11 and 16 weeks later,. No significant difference was found
between the acquired fluke burdens of each goup of calves, The remaining
three previously infected calves were reinfected with 300 metacercariae
of F. hepatica 18 weeks after the initial infection and killed 6, 8 and 9
weeks later, Ross found a reduction in the numbers of flukes recovered
from the livers of these calves (155 flukes) as compared to the number of
flukes previously recovered from the control calves (306 flukes). Ross
also described finding an apparent 'spontaneous self-cure' proposing that
the flukes of the reinfection initiated the expulsion of the fluke population
derived from the initial infection.

Ross (1967b) infected 2 calves each with 1,500 metacercariae of

F. hepatica, Thirty weeks later these calves and two previously

uninfected control calves were each infected with 200 metacercariae of

F. hepatica and all four calves were killed 6 weeks later, Differentiating
both fluke populations in the reinfected calves on the basis of size he

found that 5.6% of the challenge dose was recovered from the reinfected

calves as compéred to an 18% recovery from the control calves. This

would represent a 60% reduction in the acquired fluke burden of the reinfected

calves,
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Ross concluded from these experiments that any acquired resistance
demonstrated involved some expression of host immunity.

Boray (1967) infected four, 17 month old steers each with 1000
metacercariae of F. hepatica and 14-19 weeks later terminated this
infection with an anthelmintic., Three weeks later these four steers
and four previously uninfected steers were each infected with 5000
metacercariae of F, hepatica and slaughtered 22 weeks later, A mean of
135 flukes were recovered from each liver of the reinfected compared to
a mean of 620 flukes recovered from each liver of the infected control
calves. This represents a 78% reduction in the acquired burden of the
reinfected steers.

Boray (1967) also attempted immunisation of 3 calves using 3 doses
at 6 weeks intervals of 3,000 metacercariae of F, hepatica irradiated
with 20 kilorads (Kr.) Three weeks after receiving the last vaccinating
dose these calves and 3 non-vaccinated control calves were each infected
with 5000 metacercariae of F. hepatica and killed 16 weeks later. No
significant difference was found between the acquired fluke burden of each
group of calves,

Boray concludes that resistance to reinfection in cattle was simply
a manifestation of the degree of tissue damage caused by the previous
infection and did not involve an expression of the host's immune response.

Horchner (1969) initially infected calves with either 150, 250 or
500 metacercariae of F. hepatica then reinfected these calves and a group
of previously uninfected calves 16 weeks later with a further 200

metacercariae of F. hepatica. There was a 50% reduction in the number of

flukes derived from the reinfection in previously infected calves as

compared to the numbers of flukes recovered from the control calves,
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This conclusion was based again on the differentiation of each
fluke population in the reinfected calves on a basis of fluke size,
Hérchner considered the possibility that either an immune response or a
non=specific tissue reaction could have been responsibie for this
manifestation of acquired resistance.

Another aspect of the bovine response to infections with F, hepatica
was suggested by Ross (1965, 1967a) that cattle are more resistant to
challenge with a large single infeétion of metacercariae of F, hepatica

than they are to challenge with a small single infection of F. hepatica,

In @ comparison of infection levels of 1,500, 2,500, 5,000, 15,000
metacercariae he found an inverse relationship between dose, percentage
recoveries and the severity of the disease produced. Only calves
receiving a single infection of 1,500 metacercariae of F, hepatica
developed clinical signs of fascioliasis. Ross proposed that in a high
level single infection with F, hepatica that the immature flukes are
trapped and eliminated by the intense tissue reaction they provoke in the
ventral lobe, Boray (1967) however, produced subacute fascioliasis and
death in a calf infected with 5000 metacercariae of F. hepatica and all
four calves receiving a single infection of 10,000 metacercariae showed
clinical signs of fascioliasis and died within 5 months after infection.
In summary it can be said that there is no statistically significant
experimental evidence described at present in the literature to validate
the statement that cattle can over a period of time eliminate part of their

fluke burden derived from a single infection with F, hepatica, There is

also unequivocal evidence from only one experiment using four calves

(Boray 1967) that cattle can become resistant to reinfection with F. hepatica.

o
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It is only very recently that there has been any evidence to
suggest that a specific immune mechanism may be implicated in this
resistance. Corba, Armour, Roberts, Urquhart (1971) infected one of
a pair of monozygous calves on two occasions with 1000 metacercariae

of F. hepatica. Fourteen weeks after the second infection the calf

was slaughtered and its sera and hepatic lymph nodes reméved. The
hepatic lymph node cells were then injected into the other twin calf
and the sera injected into an unrelated calf, Both of these calves
and an untreated control calf were then each infected with 1000

metacercariae of F. hepatica. At slaughter 23 fiukes were recovered

from the liver of the calf receiving the lymphoid cells, 100 flukes were
recovered from the calf which received the sera and 113 flukes were
recovered from the untreated control calf,

This represented an 80% reduction in the fluke burden of the calf
receiving the lymphoid cells and while the results are by no means
conclusive since so few calves were used they may provide the first
indication that immunity plays some part in the acquired resistance of

cattle to infections with F. hepatica.

Sheep

While cattle have been described as being resistant to infection
with F. hepatica sheep have been described (Taylor 1964) as having little

or no resistance to infection with F. hepatica,

Durbin (1952) infected sheep each with 100 metacercariae of what
was presumed to be F. hepatica and recovered 21 and 19% of the initial
dose from the livers of sheep dying 7 and 11 years after infection in the
absence of any reinfection.

Ershov (1959) attempted to protect lambs by vaccination with a
fluke polysaccaride-albumin complex. He reported finding a 10-25% of

the lambs to be immune to infection but that the induced immunity did not
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persist longer than 45 days after vaccination. No experimental
evidence was cited to support these statements.

Hughes (1963) vaccinated 10 sheep with a series of nine
intraperitoneal infections of a fluke antigen over a period of three
weeks, The vaccinated sheep and 10 untreated control sheep were each
infected with 200 metacercariae of F. hepatica some five weeks later,

At post=mortem four months after reinfection no significant reduction was
found in the numbers of flukes recovered from the vaccinated sheep as
compared to the number recovered from the control sheep. Hughes (1963)
also attempted vaccination of sheep by administring 2 doses at a 14 day
interval of 500 metacercariae of F. hepatica x-irradiated with 3 Kr.
Seven weeks after the second vaccinating dose 10 of these sheep and 10

unvaccinated sheep were each infected with 200 metacercariae of F. hepatica.

At slaughter 16 weeks later no significant difference was found between
the fluke burdens of both groups of sheep.

Ross (1967b) attempted to vaccinate lambs using implants of 6 week
old viable F. hepatica into the intercostal muscles, Three lambs
together with uninfected lambs were each infected four weeks later with

100 metacercariae of F. hepatica, Ten weeks later 11% of the infecting

dose was recovered from the vaccinated lambs as compared to 22% recovered
from the controls, This difference is only statistically significant at
the 10% level,

Boray (1967) repeatedly infected sheep with large doses of
metacercariae of F. hepatica x-irradiated with 20 Kr. Another group of
sheep were given three doses each of 1000 metacercariae of F. hepatica
and were treated with an anthelmintic 5 weeks after each infection.

Each group of sheep together with non=vaccinated control sheep were then

each infected with L4000 metacercariae of F. hepatica. All the sheep in

the experiment died of acute or subacute fascioliasis and at post-mortem
there was no significant difference between the acquired fluke burdens

of any of the groups of sheep. The reinfected sheep however lived longer,
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their anaemia developed later and less severe tissue reaction was
present than in the control sheep. Boray (1968) infected nine sheep
each with 500 metacercariae of F. hepatica and then terminated this
infection with an anthelmintic twelve weeks later. Five of these
sheep were each reinfected with 1000 metacercariae and four were each
reinfected with 200 metacercariae of F. hepatica as were previously
uninfected control sheep. No significant difference was found in the
survival times or percentage of the reinfecting dose recovered from the
reinfected sheep or the controls.

Sinclair (1968, 1970) investigated the exis;ence of a resistance to
F. hepatica infections in sheep by using various methods of immunosuppression
in an attempt to exacerbate the disease, A group of sheep were treated
with corticosteroid and a second group of sheep were splenectomised prior
to infection with F. hepatica,. The former sheep received 500 metacercariae
of F. hepatica and the latter 3000 metacercariae of F, hepatica. The
pathogenic effects of these infections as indicated by weight loss and
anaemia were more severe in the immunosupressed sheep and the flukes
recovered from these sheep were significantly bigger than those recovered
from the normal infected control sheep.

Sinclair (1971a) infected 10 sheep each with 300 metacercariae of
F. hepatica and 4 weeks later terminated the infection with an anthelmintic.
Five weeks later these and 10 previously uninfected control sheep were each

infected with 600 metacercariae of F. hepatica, Pairs of sheep were

killed 6, 8, 10, 12 and 14 weeks after infection. Sinclair proposed

that there was some evidence of an acquired resistance in the reinfected
sheep on the basis of a reduction in the growth rate of flukes in reinfected
sheep at about 8 weeks after infection and also the earlier appearance of

lymphoeytic and fibroblastic activity in the livers. There was no
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significant difference however in the acquired fluke burden of both
groups of sheep,

Sinclair (1971b) then attempted to transfer this proposed
resistance to previously uninfected sheep by using the cell in spleen
or lymph node homogenates from sheep previously infected with 500

metacercariae of F, hepatica, The sheep receiving the lymphoid cells

and a group of control sheep were then each infected with 500 metacercariae

of F. hepatica, Only minor differences in the weight gains, packed cell

volumes, eosenophil counts and faecal loss of radioactive labelled plasma
were found between both groups, At post-mortem eight weeks later no
significant differencgs were found in the acquired fluke burdens of both
groups of sheep,

The evidence available at present in the literature indicates that
while some immunological response occurs during infection of sheep with
F. hepatica and that suppression of this response results in an exacerbation
of the disease no method of vaccination has been discovered which can

confer significant protection in sheep against infection with F. hepatica.

A considerable amount of experimental investigation into the
stimulation of an acquired immunity of F. hepatica in mice has been
reported in the literature. The mouse is highly susceptible to infection
with F. hepatica and develops a disease similar to that described in sheep
and cattle, No evidence has been put forward to show that mice can

acquire any resistance to a single infection with F. hepatica,

Hughes (1962, 1963) attempted to immunise mice using 2 vaccinating
doses of 20 metacercariae of F, hepatica x-irradiated with 4 Kr. The
vaccincated mice and a group of unvaccinated control mice were infected

3 weeks later with 10 metacercariae of F. hepatica, No evidence of the
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development of an acquired immunity was found in this experiment.

The experiment was then repeated using 2 vaccinating doses of 40
metacercariae of F, hepatica irradiated with 3 Kr. and subsequent
challenge with 10 normal metacercariae. Again no significant

difference was found between the acquired fluke burdens of vaccinated
and control mice. Hughes then attempted to passively immunise mice with

1.5 ml. of heterologous serum from rabbits infected with F. hepatica.

The treated and untreated control mice were then each infected with 5

metacercariae of F. hepatica. At post-mortem there was no significant

difference in the fluke burdens of each group of mice,
Dawes (1964) infected fourteen mice each with 40 x-irradiated (3 Kr.)

metacercariae of F. hepatica, Three weeks later he infected nine of

these mice with 10 metacercariae of F, hepatica and the remaining five mice

each with 5 metacercariae of F. Hepatica, The mice were killed serially

over the next 8 - 53 days, Dawes reported finding no immunity to the
challenge infection but this conclusion was based on comparison of the
numbers of flukes recovered from the vaccinated mice with the numbers of
flukes recovered from a group of control mice in an experiment previously
described by Hughes (1963).

Lang (1966, 1967, 1968) Lang, Larsh, Weatherly, Goulson (1967)
carried out extensive studies on the immunisation of white mice against

infections with F., hepatica,

Lang (1967) immunised 96 mice on two occasions 60 days apart with 2

metacercariae of F. hepatica, These and previously uninfected control

mice were then infected forty days later with a further 2 metacercariae of

F, hepatica. At 20 and 40 days after challenge selected mice from both

groups were killed to estimate their acquired fluke burdens, The
vaccinated mice were found to have significantly fewer flukes 40 days

after infection than did the control mice. The different fluke populations
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of the immunising and challenge doses were decided on a basis of fluke
size, a procedure however which s open to a substantial margin of error.
Lang also found differences in the body weights, total and differential
leucocyte counts, spleen weights, haemaglutinating antibody titres and
liver histopathology between the groups of mice, It was postulated on
the basis of the histopathology that a delayed type hypersensitivety
reaction may have played some part in the immune response,

Lang (1966) then investigated the possibility that flukes were
damaged by this immune response in mice. Seventeen day old flukes were
transferred from the livers of previously immunised or previously
uninfected mice into the peritoneal cavities of two groups of mice, A
mouse died in each group after the transfer of these flukes. At the end
of the experiment however no flukes were recovered from the remainder of
the mice in Group 1 which had received the flukes from the immunised mice
whereas nine out of twelve flukes transferred from previously noninfected
mice were recovered from the mice in Group 2. This result was taken to
indicate that the flukes taken from the previously immunised mice were
damaged in such & way as to prevent their maturation in @ normal mouse,

Lang et al (1967) attempted to transfer the immunity from previously
infected mice using peritoneal exudate cells from these mice, A group
of 10 normal mice were given 2.75 x 106 peritoneal exudate cells from
previously infected mice by the intraperitoneal route and challenged 21
days later with 2 metacercariae of F. hepatica as were a group of untreated
control mice. All mice were killed 40 days later when a total of 8 flukes
were recovered from the 10 treated mice and 12 flukes were recovered from
the 8 untreated control mice. Lang found that this difference was
significant at the .001% level in the Student's 't' test, No details

were given about the compatability of the mice used for the cell transfer
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nor were any control groups used to eliminate the possibility that the
reduction of the fluke burden found was due to involvement of the flukes
in a graft-versus host type of reaction in the recipient mice. It is
also unclear exactly what type of cell was being transferred in the
peritoneal exudate, they may have been sensitised macrophages,
immunologically competent lymphoid cells or most probably a mixture of
both cell types,

Lang (1968) repeated his previous reinfection experiment using
larger groups of mice and described finding that a significant reduction
in the acquired fluke burden of the reinfected mice could be found by
25 days after challenge, Again the differentiation of the fluke
populations derived from the initial and challenge infections was on the
basis of fluke size,

Lang considered on the basis of all these experiments that specific
antigens are released by the immature flukes from 8~17 days after infection
which are responsible for the induction of an acquired immunity in the

white mouse to infection with F. hepatica, This immunity he considered

manifests itself between 20-25 days after challenge and involves a delayed
type hypersensitivity reaction.

It is difficult to reconcile the different results obtained by
Hughes and Lang especially as at the level of x-irradiation used by Hughes
allowed development of part of the vaccinating dose to maturity (Hughes
1963)., Hughes! vaccination schedule would therefore fulfill Lang's
criteria for the induction of an acquired immunity in mice. In view of
the recent advances in the understanding of the cellular mechanisms
involved in both humoral and cellular immunity the evidence presented by
Lang to implicate a delayed type hypersensitivity response would not be

considered sufficient.
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The work on acquired immunity to F. hepatica infections in mice
can perhaps best be summarised by concluding that it is perhaps possible
to induce such an immunity in the mouse but that this urgently requires

some further confirmation,

Rabbits

The rabbit has also been widely used as an experimental model for

investigating acquired immunity to infection with F, hepatica,

Kerr and Petkovitch (1935) immunised rabbits with intraperitoneai
injection of a suspension of dried flukes, Seven immunised and three

control rabbits were then each infected with 13 metacercariae of F, hepatica.

At autposy a mean of 2,14 flukes were recovered from each vaccinated
rabbit as compared to a mean of 8.35 flukes from the control rabbits. At
no point were eggs found in the faeces of the vaccinated rabbits and at
autopsy some of the flukes recovered were calcified, A normal patent
period and undamaged flukes were found in the control rabbits.

Urquhart, Mulligan, Jennings (1954) vaccinated rabbits with an alum
precipitated saline extract of flukes. Seven rabbits received 3
injections and a fur.ther seven rabbits received 6 injections of this
extract, The immunised and control rabbits were each infected with 50

metacercariae of F, hepatica, The vaccination procedure produced high

levels of precipitating antibody in the sera of the rabbits. It did not
however reduce the number of flukes recovered from the vaccinated rabbits
at atuposy as compared to the fluke burden of the controls although there
was some inhibition of development of the flukes in the vaccinated

animals as judged on their size and total protein nitrogen content,



26

Healy (1965) also vaccinated rabbits with extracts of F., hepatica
and subsequently challenged these and control rabbits each with 50

metacercariae of F. hepatica, No significant difference was found between

the fluke burdens of both groups of rabbits 60 days later. It was
suggested however that there was some evidence of retardation of development
of the flukes in the vaccinated rabbits up to their entry into the bile
ducts at approximately 35 days after infection. No evidence was provijded
to support this observation.

Hughes (1963) vaccinated 4 rabbits with 2 doses of 500 irradiated
(4 Kr.) metacercariae fourteen days apart. The vaccinated and control
rabbits were each infected four weeks later with 15 metacercariae of

F. hepatica, No differences were found between the required fluke burdens

of both groups of rabbits at autopsy 10 weeks after challenge.

Hughes (1963) also attempted vaccination of rabbits with nine
intraperitoneal injections over a 3 week period with 1 ml., of a 1% fluke
extract. In the first experiment 9 vaccinated and 5 control rabbits were
each infected with 13 metacercariae of F. hepatica and subsequently a
mean of 1.7 flukes wére recovered from the vaccinated rabbits as compared
to a mean of 5.6 flukes from the control rabbits. The experiment was
then repeated using vaccinating doses of 2, 1 or .5 ml, in the same
vaccination procedure and the challenge dose was 15 metacercariae of

F. hepatica. In this experiment however no significant difference was

found between the numbers of flukes recovered from any group of vaccinated
rabbits and the group of control rabbits.

Kendall, Herbert, Parfitt, Pierce (1967) initially infected rabbits
each with 10 metacercariae of F. hepatica and 12 weeks later reinfected
these rabbits and appropriate control rabbits each with 200 metacercariae

of F. hepatica. At autopsy 20 weeks after the initial infection the number

of flukes recovered from the reinfected rabbits was less than the expected

fluke burden as judged by-summation of the fluke recoveries from the control
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rabbits for infections with 10 and 200 metacercariae of F. hepatica,

The authors noted that it was impossible to decide if the flukes of the
challenge infection in the reinfected rabbits had been destroyed or
simply inhibited in their development thdgr;ore difficult to recover
and count.

Ross (1967b) vaccinated twelve rabbits with 2 subcutaneous
injections fourteen days apart of 1 ml. of a 6 weeks old fluke homogenate.
Three weeks later vaccinated and control rabbits were each infected with

20 metacercariae of F, hepatica, The mean percentage take in both groups

of rabbits was not significantly different but there was some evidence of
retardation of the development of the flukes in the vaccinated rabbits
between 6-7 weeks after infection. Ross then repeated the experiment
using eleven rabbits given 5 subcutaneous injections of a homogenate of
adult flukes and also implanted a 6 week old viable fluke into the gluteal
muscle of six of these rabbits. The vaccinated and control rabbits were
each infected with 50 metacercariae of F. hepatica and killed 8 weeks
later. No significant difference was found in the fluke burden of the
rabbits vaccinated with homogenate alone and the fluke burdens of the
control rabbits, There was however a reduction statistically significant
at the 20% level between the acquired fluke burdens of the vaccinated and
implanted rabbits as compared to the coﬁtrols.

Kendall and Sinclair (1971) infected 41 rabbits each with 10

metacercariae of _F. hepatica and then treated them with hexachlorophene

84 or 86 days later to remove the flukes present. Eighty-eight days
after their initial infection these and control rabbits were each infected

with 20 metacercariae of F, hepatica. At autopsy the anthelmintic

treatment was found to have been only partially effective and the mean
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number of flukes recovered from the rabbits which received on the
first infection and hexachlorophene was subtracted from the mean
numbers of flukes recovered from the reinfected rabbits, After this
adjustment a significant reduction was found between the mean numbers
of flukes recovered from the reinfected rabbits as compared to the
previously uninfected control rabbits.

There appears therefore to be little consistency in the results

of attempted immunisation of rabbits against F. hepatica, The only

conclusion that can be drawn is the rabbits might on some occasions have
been resistant to infections with F, hepatica but that much more
confirmatory evidence must be provided before this conclusion could be
accepted without reservations, The description of increased liver
damage in rabbits immunosuppressed using anti-lymphocytic serum and
infected with F. hepatica (Dodd and O0'Nuallain 1970) may indicate that
an immunological mechanism may be responsible for limiting the migratory

activities of the flukes in the rabbit.

Rats
The rat has also been used as an experimental model for investigation

of the immune response to infections with F, hepatica,

Thorpe and Broome (1962), Thorpe (1963) irradiated metaéercariae of
F. hepatica with either 1, 2.5, 5, 7.5 or 10 Kr. These metacercariae
were then administered at a dose level of 10 per rat. to give 5 groups of
thirty rats corresponding to each tevel of irradiation, Seven weeks
after vaccination 15 rats of each group and 10 normal rats were each

infected with 20 metacercariae of F, hepatica. Eleven weeks after

vaccination the remaining 15 rats in each group and a further 10 normal

rats were each infected with 20 metacercariae of F, hepatica. The rats

were killed ten weeks after the challenge infection was given. A similar

number of flukes were recovered from the rats which had received the
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metacercariae irradiated at 1 Kr. prior to challenge and a group of rats
which had received only the irradiated metacercariae and were not
subsequently challenged. This was interpreted as showing that no flukes
from the challenge infection had developed in the vaccinated mice.
At an irradiation level of 2.5 Kr. means of .6 and .4 flukes were
recovered from the rats only receiving the vaccinating metacercariae,
The vaccinated and. challenged rats had mean recoveries of 2,7 and 1.1
flukes as compared to mean recoveries of 4,5 and 2.0 flukes from the
infected control rats. Thorpe considered that this represented a 50%
reduction in the acquired fluke burden of the vaccinated rats.
Macroscopic liver damage was also much reduced in the vaccinated rats as
compared to the chaiienge control rats. No evidence of acquired
immunity was found in the groups of rats receiving metacercariae
irradiated at 5, 7.5 or 10 Kr.

Recently Corba et al (1971) have described the experimental
transfer of an induced immunity to F. hepatica to rats using a lymphoid
cell suspebsion from previously infected rats. Cells were taken from

rats with a pre=bile duct infection of F. hepatica, from rats with a

patent infection of F. hepatica and from rats which had received 3 immunising

doses of irradiated (2.5 KE) metacercariae of F. hepatica. Following

the cell transfer the rats were challenged with either 20 or 30
metacercariae of F. hepatica as were untreated control rats, It was

found that lymphoid cells transferred from rats 18-20 weeks after

infection with F. hepatica into syngeneic recipients conferred a
statistically highly significant protection as judged by the fluke numbers
recovered from the control rats (9.3) as compared to the treated rats (3.1).
Lymphoid cells however failed to confer protection in rats when transferred

from rats with a pre=bile duct infection,
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Cells tranferred from the rats receiving the irradiated
metacercariae conferred complete protection on the recipient rats and
no flukes were recovered from these rats at post-mortem while a mean
of 2-6 flukes were recovered from the control rats. The rats recejving
the irradiated metacercariae were themselves markedly immune to a
challenge infection with 20 metacercariae of F. hepatica as a mean of
.5 flukes were found in these rats as against 2,6 flukes found in the
controls,

There appears to be conclusive evidence therefore that rats can
develop a significant immunity to F. hepatica infections under defined
conditions and that this immunity is transferrable by lymphoid cell
suspensions to previously uninfected rats,

The results of Corba et al (1971) are important in two respects,

In the first instance they represent the first description of the
induction of an acquired resistance to F. hepatica in animals which

have not previously been exposed to the parasite and consequently

suffered some degree of liver damage. The acquired resistance
demonstrated in these experiments must therefore be immune in nature as

it cannot be attributed to previous liver damage rendering the environment
unsuitable for further infections.

The failure of lymphoid cell suspensions from rats with a pre-bile
duct infection to confer an immunity to recipient rats represents the first
significant evidence that antigens released by the mature parasite may be

responsible for the induction of a successfull immunity.
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The successful development of an acquired resistance to
infections with F. hepatica has been demonstrated therefore only in a
very limited number of experiments in the rat, mouse and bovine and
only in the rat and perhaps the mouse has an immunological response
been implicated in this resistance. The oral administration of viable
metacercariae which then develop for at least a limited period in the
liver would appear to be necessary for the successful induction of an
acquired resistance, This observation is consistent with what has
already been discovered about helminth immunity in that, with one
important exception which will be discussed later, attempted immunisation
of animals with extracts or homogenates of helminth parasites has proved
uniformly unsuccessful, The only successful helminth vaccines currently
available use irradiated attenuated larvae which migrate for a limited
period in the host. It is perhaps only in this way that the appropriate
parasite antigens are made available to the relevant lymphoid tissue in
the host in order to successfully stimulate an immune response eijther
celltular, humoral or both. There is only @ limited amount known about
the mechamisms involved in the induction and expression of an immune
response against helminth parasites and a brief review of the relevant
lTiterature may serve to define possible mechanisms of the host response

to infections with F. hepatica.

Schistosome; are trematode parasites with water snails as the
intermediate hosts. The cercariae penetrate the skin of the final host
and then migrate with the circulation to a final location in the portal
veins, The host~parasite relationship between S, mansoni and the

rhesus monkey Macaca mulatta has been the most intensively studied with
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regards to the mechanisms of the immune responses of the host. In this
system a large proportion of the infective dose will develop to maturity.
The faeces egg counts reach a maximum between 8~12 weeks after infection
then it falls sharply but persists at a low level for up to a year,
Rhesus monkey can develop a complete immunity to reinfections with

S. mansoni following a single infection with this parasite (Smithers

and Terry 1969). The initial infection will become patent and persist
through the destruction of the challenge infections, a phenomenon termed
'concomitant immunity',

In this host parasite system some of the possible immunological
responses of the host have been studied using a sophisticated system
involving transfer of adult worms from the portal veins of an infected
host to the portal system of a previously uninfected host, It has been
shown in this way that the adult worm is responsible for the induction
of a protective immunity to S, mansoni in the rhesus monkey (Smithers
and Terry 1967).

Another finding using this host transfer system is that worfms
transferred from hosts such as mice into rhesus monkeys previously
immunised against the original hosts cells can be shown using electron
microscopy to suffer very severe tegumental damage within hours of the
transfer taking place, The damage has been shown to be antibody mediated
by the location of ferritin labelled antibodies at the sites of tegumental
damage. (Smithers and Terry, 1969, Smithers, Terry Hockley 1969).

Since the antiserum was raised against tissue antigens of the original
host, these antigens or similar parasitic antigens must be adherent to or

incorporated into the tegument of these transferred worms. This somewhat
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artificial system has shown that antibodies stimulated in monkeys by
means other than a previous infection would destroy transferred worms

and provided evidence that schistosomes were susceptible to the action

of circulating antibody. It has now recently been shown (Hockley and
Smithers 1970) that by infecting a monkey and a short while later
transferring fhese worms into a hyperimmune monkey that similar tegumental
damage occurs but it is less severe and more focal in nature than
demonstrated in the previous system,

This observation of the small numbers of antigens recognised when
worms are transferred from one monkey to a hyperimmune monkey as compared
to the large number recognised when worMs were transferred from a different
host species into a monkey immune to the original host would appear to
suggest that in a natural infection the monkey can recognise only a few
of the antigenic sites on the tegument of the worm, The apparent inability
of a host to recognise and mount a significant immune response against
some parasitic antigenic determinants has been discussed at some length in
the literature, '

Dineen (1963) considered that in any host~parasite relationship the
immunological response of the host provided an environment for the
selection and evolution of genetic variants of the parasite physiologically
and pathologically best suited to the host-parasite relationship. This
evolution would elimiﬁate the parasitic antigens which stimulated an
effective immune response in the host and the parasite would eventually
appear in the form which provided minimal antigenic stimulation of the

host.
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Damian (1964) after an extensive review of host-parasite relationships
developed a premise similar to that proposed by Dineen (1963) Damian
however considered that some parasites may have evolved a system for
selection and formation of antigens similar to those of their host from
some basic pool of genetic information., These antigens were termed
‘eclipsed antigens' and were defined as antigenic determinants of
parasitic origin which resemble antigenic determinants of their hosts to
such a degree as not to stimulate antibody formation, Damian also warned
against the possibility of confusing contaminating host antigens with
true parasitie antigens.

Capron, Biguet, Vernes, Afchain (1968) reported an extensive
investigation of cross reactions between host and parasite antigens
using immunoelectrophoretic analysis. It was proposed that the common
antigenic determinants which were found between various hosts and their
parasites were so few in number and occurred with such regularity that
they could not be due to chance contamination from a large possible
number of host contaminating antigens. Capron et al disagreed with the
previous hypothesis of parasitic adaptation and proposed instead that an
inductive process is responsible in the parasites for the formation of
latent protein and/or enzymé systems providing the parasite with antigenic
determinants similar to its newly acquired host,

Smithers, Terry, Hockley (1969) in the series of experiments using
worms transferred from one host to another noted that if worms were
transferred from mice into normal monkeys they would eventually develop
normally, if however, the worms were transferred into monkeys immune to

mouse antigens then the transferred worms died within hours of transfer.



38

It was also found that if.worms from mice were transferred into

normal monkeys and a week later transferred into anti-mouse monkeys

no damage occurs and the worms develop normally. This was taken as
evidence for the loss of acquired mouse antigens and the adoption of
monkey antigens within the period of a week. Smithers_et al considered
that this finding would support the 'inductive' hypothesis of Capron
et al rather than the genetic selection theory of Dineen and Damion.,
Smithers et al then proposed another alternative explanation of their
finding termed a ‘'selective contaminative hypothesis'. This proposes
that thé host antigens found in schistosomes were in actual fact
synthesised by the host and then firmly bound to the surface or
incorporated into the tegument of the parasite,

The possibility of a parasite adapting its antigenic structure
to make it ‘'antigenically invisible' to its host is one of the most
intriguing questions in parasitic immunity but at the moment no conclusive
evidence is available to suggest how and when it may occur. The genetic
adaptation of a parasite to its host is one of the most intriguing
questions in parasitic immunity but at the moment no conclusive evidence
‘is available to suggest how and when it may occur. The genetic
adaptation of a parasite to its host could explain the apparent
differences between F, hepatica infections in the ovine and bovine, It
could be proposed that genetically the parasite is best adapated to the
ovine and consequently less well adapted to the bovine so allowing a
sufficient antigenic disparity to cccur which can stimulate an effective
immune response.

One of the most significant advances in the immunology of parasitic
disease in recent years has been the successful induction of a functional
immune response in a host by immunisation with purified antigenic material
from a parasite., As has been discussed before the many previous attempts

to immunise hosts with extracts or homogenates of parasites had been
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uniformly unsuccessful. Recently however isolated parasitic antigens
have been used successfully to induce an immunity against Trichinella
spiralis infections in mice, The gravid female T, spiralis worm
penetrates through the mucosa of the intestine into the lymph spaces
where the female sheds viable larvae which have developed from the egg
in utero. These larvae are distributed throughout the body via the
Tymphatics and btoodstream. The larvae which reach the voluntary muscles
develop further and eventually encyst. The life cycle is completed by
the ingestion of affected muscle by another host and the larvae encyst
or grow to maturity in the intestine,

Despommier and Wostmann (1968, 1969) described an experimental
system where mature T, spiralis muscle larvae were placed in diffusion
chambers which were then implanted in the peritoneal cavity of mice.
The mice were found, after 7 days of implantation, to have become immune
to challenge infections with T. spiralis and showed a significant reduction
in both developing muscle larvae and adults. The immunity persisted for
at least 6 months after the removal of the chambers. Exposure to
diffusion chambers for 5 days allowed maximal development of immunity
against muscle larval stages while further increasing the exposure time
reduced the number of adults developing. Despommier and Muller, .
(19702, b) then located the functional antigens of the T, spiralis muscle
larvae to the granule fraction of the stichocyte cell of the stichosome.
Two types of granules were isolated an alpha and beta granule, each
distinguished on size, Immunisation of mice with the alpha granule alone
resulted in an 80% reduction in their acquired infection and immunisation
of mice with both granule fractions resulted in an 90-95% reduction in
their acquired infection, Further purification of these granules located
the functional antigen in a B type of granule, Despommier (1971) then
went on to show that only the mature muscle larvae and the adult worm possessed
this antigen and that only these stages of the parasite were affected by the

immune response,
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This isolation and successful use of a functional antigen is
perhaps the most encouraging result in the recent investigations of the
immune response to parasites as it provides a positive indication that
only a few antigens from the complex antigenic mosaic of any parasite may
eventually be responsible for the induction of a successful immune
response in the host species,

Both the schistosomes and T, spiralis have a final location within
the host tissue easily accessible to circulating antibody or immunologicatliy
committed cells, F. hepatica has 2 stages in its migration in the final
host which are functionally outside the host on the external surface of a
mucous membrane, The first is an excysting metacercariae in the intestine
and the second and most important is as an adult fluke in the bile ducts.
The accessibility of the parasite at these stages to an immune response is
consequently much more limited than that of a parasite whose final location
is within host tissue, There has been an extensive study using

Nippostrongylus brasiliensis infections in the rat as a laboratory model

into the mechanisms of the immune response at mucous surfaces. The third
stage larvae of this nematode parasite penetrate the skin of the host

then migrate via the bloodstream and lungs to a final location in the small
intestine of the rat.

The pattern of expulsion of N. brasiliensis from rats with a primary

infection with this parasite was desdribed by Mulligan, Urquhart, Jennings,

Neilson (1965). Rats infected with N, brasiliensis will expell the

majority of their acquired worm burden between 10-20 days after infection
and this expulsion is preceded by a sharp fall in the egg output of the
worms, 1t was also shown that this immunity could be passively transferred

using serum from previously infected rats. Ogilvie and Hockley (1968)
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confirmed the immune nature of the expulsion by showing that when worms
were repeatedly transferred at 4 days intervals into normal rats after
20 days no significant reduction in egg output or worm burden could be
demonstrated,

Various aspects of the damage suffered by these worms have also been
described, Ogilvie and Hockley (1968) using a system in which worms were
transferred at various intervals after infection into the small intestine
of normal rats described several aspects of this immunologic damage, It

was found that worms taken from rats 10 days after a primary infection with

N, brasiliensis had.suffered irreversible damage and could not re-establish
themselves in normal rats. The damaged worm showed vaccuolation in their
gut cells both on light and electron microscopy. These studies were
extended by Lee (1969) who noted structural changes in the cytology of the
gut cells, in the male reproductive tract and an increase in the lipoid
vacuoles in the cytoplasm of the hypodermis, muscles, excretory gland,
reproductive system and intestine, Lee (1971) found that damaged worms
had a significantly higher neutral fat content on chemical examination

than did undamaged worms and discussed the possibility of this being the
result of a move of the parasite away from the gut wall to a position

where anaerobic respiration was necessary resulting in an increase in the
amount of lipid which could not be metabolised, Henney, MaclLean, Mulligan
(1971) showed that damaged worms had a reduced uptake of radioactively
labelled inorganic phosphate as compared to normal worms and that this
difference became apparent as early as 7 days after infection. Edwards,
Burt, Ogilvie (1971) then described changes in the iso-enzymes of
acetylcholinesterase in irreversibly damaged worms from immune rats and
proposed that this was due to immune damage either to the enzyme or its
biosynthesis pathway. It was proposed that this enzyme may be the antigen
responsible for the induction of immunity in the rats infected with

N, brasiliensis..
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There is then a considerable amount of evidence to show that
immune damage can occur to parasites on the external surface of a mucous
membrane but unfortunately little or no evidence available to define the
means by which this damage occurs.

In conclusion it can be noted that there is evidence to suggest that
F. hepatica as a trematode should be vulnerable to immune damage and that
immune mechanisms exist which can involve parasites on the external surface of
a mucous membrane, It is uncertain which stage of the parasite could be
considered responsible for the induction of a successful acquired resistance
but there is some evidence to suggest that the adult trematode may be the
main antigenic stimulus to the host.

A series of experiments were devised to investigate the response of
parasite free calves to infection with . hepatica and their subsequent
resistance to reinfection at various times after their initial infection in
the presence or absence of the fluke population derived from the initial
infection. The level of disease produced in the calves by these infections
was assessed on the basis of an interference with weight gains, development
of an anaemia, hypoalbuminaemia, hypergammaglobulinaemia and the serum
glutamic oxaloacetic transminase level was used as an indication of hepatic

cell necrosis. (Cornelius and Kaneko 1963).



MATERIALS AND METHODS
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A Experimental Animals

(1) The rearing and maintenance of parasite free animals

Dairy calves aged three to seven days old were selected from groups
of market calves on a basis of high serum immunoglobulin levels as
determined by the zinc sulphate turbidity test (McEwan, Fisher, Selman,
Penhale 1968), The level of 20 72.S5.T. units was taken as the minimum
level required by the calf to give good protection against the lethal
effects of calf diarrhoea (Gay, Anderson et al, 1965). The calves were
housed individually in galvanised iron huts and fed warm whole milk at the
rate of one pint of milk per 10 1b. bodyweight per day for the first two
months of 1life. Hay, water and calf weaner pellets (British 0il and Cake
Mills Ltd., Renfrew, Scotland) were provided from the beginning of the
third week onwards. Milk was withdrawn over the eightweek and the amount
of hay and concentrates increased, the calves being allowed concentrate
feeding ad lib. At ten weeks of age the calves were housed together in
calf-pens and remained housed in this accommodation till increasing size
necessitated moving some calves into loose boxes where they stayed till the
end of the experiment. The concentrate fed was changed gradually from
calf weaner pellets (British 0il and Cake Milles Ltd., Renfrew, Scotland)
to calf rearer peliets (B.0.C.M, Ltd., Renfrew, Scotland) from the fourteenth
week onwards. The calves were given free access to concentrates and hay
till five months of age when concentrate feeding was restricted to 8 - 10 1bs.
per day,

(2) Weighing Procedures

The calves were weighed at the same time on the same day each week
to give as consistent recordings as possible during the experiments. Young
calves weighing up to 400 1bs, were weighed on a Gascoinge calf weigh

balance (Gascoigne, Reading, England) but when over this weight they were
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weighed on a Gascoigne 4 Point Weight Crush (Gascoigne, Reading,
England) which was accurate to 10 l1bs,.

B. Haematological Estimations

(1) Collection of Samples

Biood samples were always collected from the jugular vein.
Samples for routine haematology were collected into a bijou bottle
(5 ml.) containing .1 ml. of 11% solution of ethylenediamine-tetracetate
(E.D.T.A,) which had been allowed to evaporate to dryness at room
temperature, Two to three mls., of blood were collected in the bottle
which was then stoppered and shaked gently to dissolve the anticoagulant.
Haematological examinations were carried out within four hours of the
sample being taken.

Samples from which serum was to be collected were collected into
25 ml. Universal bottles which contained no . anticoagulant. About 20 ml,
of blood was collected into each bottle and the samples were allowed to
clot and the clotcontract by leaving them standing overnight at room
temperature. The samples were then centrifuged for 10 minutes at 2,000
r.p.m. in a M,S.E, centrifuge,. (Measuring Scientific Equipment, London,
England). The serum was then drawn off using a pipette into 5 ml.
bottles and stored at -20°C.

(2) Packed Cell Volume (P.C.V.)

The packed cell volume percentage was obtained using the micro~
haematocrit method as described by Fisher (1962).

(3) Haemoglobin Concentration (Hb)

The haemoglobin concentration in grams per 100 ml, was determined
using the oxyhaemoglobin method described by Dacie and Lewis (1966).
The oxyhaemoglobin content was estimated by using an E.E,L. colorimeter

(Evans Electro-selenium Ltd., Harlow, England) with a yellow-green filter
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(11ford, No. 625). The colorimeter was calibrated using the standard
cyanmethaemoglobin solution (cyanmethaemoglobin standard solution to
B.S. 3985 B.D.H., Poole,Dorset, England). The standard solution was
used before each set of samples were read to check for error in the
colorimeter,

(4) Total Red Cell Counts

Total cell counts were made on an electric particle counter (Coulter
Model D, Coulter Industrial Sales Co., Elmhurst, I1linois, U.S.A.) which
had been calibrated for bovine blood cells by the method described by
Crighton (1965),

(5) a) Mean Corpuscular Volume (M.C.V,)

The mean corpuscular volume was derived from the following formula

Packed Cell Volume % x 10
Total red cell count {(millions/cu.mm.)

and expresssed in units of cubic microns (c,u