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SUMMARY

The dissertation begins with a general introduction and a review of the 

literature on acute fascioliasis in sheep.

The various techniques used in this study are outlined, with emphasis 

on those modified during the work. These include the techniques used in 

producing the metacercariae, haematological examinations, radio-active isotope 

studies, liver function tests and serum bio-chemistry.

A semi-quantitative precipitin test using living newly excysted flukes 

is described. The development of the serological response in experimental 

infections was followed using this test. A positive reaction occurred by 

two weeks after infection and persisted throughout.

The observations made in the course of three experiments on the 

pathogenesis of acute fascioliasis in sheep are described. There was 

considerable individual variation but consistent increases occurred in serum 

glutamic dehydrogenase, serum glutamic oxalacetic transaminase, serum globulin 

and hence in total serum protein, and in eosinophil counts. Some sheep died 

before any flukes entered the bile ducts and without any evidence of major 

haemorrhage. The radio-tracer studies suggested that there is a relative 

dyshaemopoiea and possibly a terminal haemolytic effect in the severe acute 

infection.

It was shown that the increase in globulins during infection occurred 

in the beta/gamma globulin components on agar-gel electrophoresis and in the 

second peak on Sephadex G-200.
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CHAPTER ONE 

INTRODUCTION AND REVIEW OF THE LITERATURE 

OF ACUTE FASCIOLIASIS

Introduction

The disease of Acute Fascioliasis, or liver rot, in sheep, caused by 

the common liver fluke Fasciola hepatica (Linnaeus, 1758) has been known 

from the middle ages.

Gemma (1575) spoke of; "an unspeakable pestilence in flocks in Holland 

arising everywhere through worms in the liver/' Reinhard, (1957), in a 

review article on the discovery of the life cycle of the liver fluke, cites 

serious outbreaks of liver rot that plagued Germany in 1663 and Holland in 

1674. This same author claimed that it was a serious outbreak of liver rot 

that killed three million sheep in the British Isles during the winter of 

1879-80. This prompted the Royal Agricultural Society of England to offer 

a grant to A.P. Thomas for the purpose of investigating the natural history 

of the parasite. The result was the elucidation of the life cycle in the 

intermediate host by Thomas (1883) in Britain. Almost simultaneously, a 

similar discovery was made in Germany by Leukart (1882).

Neumann (1892) quotes severe outbreaks of liver rot as leading to the 

abandonment of the sheep industry in part of Burma and, in Egypt, as being 

responsible for the loss of 160,000 sheep after the annual fall of the Nile.

Today, acute fascioliasis in sheep is still a problem. Fascioliasis 

in the endemic areas of Britain is regarded by the farmer as of great 

importance only in thoseyears when the disease is acute in character and 

when the mortality rate among breeding ewes is high (Ollerenshaw and Rowcliffe, 

1961). Kendall and Parfitt (1962), claim that the condition is only sporadic 

and usually at intervals of a few years. Neumann, (1892); Taylor, (1932);
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Taylor, (1949); Ershov, (1956) and Osborne, (1958), claim a very seasonal 

occurrence of such fascioliasis. This usually follows abundant and prolonged 

rains (Neumann, (1892), or when the sheep are forced to graze wet snail 

habitats when grass becomes scarce (Taylor, 1949 and Osborne, 1958). This 

seasonal occurrence has prompted recent work on the bionomics of the inter

mediate host of the snail Lymnaea truncatula (Muller), which has led to a 

system of predicting likely times of severe fascioliasis outbreaks in England 

and Wales based on meteorological information (Ollerenshaw, 1959; Ollerenshaw 

& Rowlands, 1959 and Michel and Ollerenshaw, 1963).

This ability to forecast outbreaks, as well as the recent advances in 

chemotherapeutic agents, has gone some way to control the disease, but due to 

the difficulty of producing experimental acute fascioliasis in sheep (Gordon, 

(1955) little information is available about its pathogenesis and control. 

Boray (1963) recommended the use of heavy artificial infection for the 

evaluation of the efficiency of anthelmintics against acute fascioliasis. 

Review of the Literature of Acute Fascioliasis

A voluminous amount of literature exists about fascioliasis, concerning 

both the causative organism and the disease as such. The pathogenesis of 

the condition in sheep has been studied experimentally in infections which 

have led to the chronic form of the disease from the time of Montgomerie, 

(1928) and especially by Sinclair (1960, 1962, 1964 and 1965). Little 

information is available about the pathogenesis of infections which result in 

the death of sheep during the migratory stage of the disease. This review 

will be confined to a discussion of acute fascioliasis in sheep but reference 

will be made to other animals, especially laboratory animals, where the 

disease has been extensively studied. Only limited comparisons will be 

drawn with the chronic phase of the disease.
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The course taken by juvenile liver fluke, after they have excysted in 

the intestines and then appear in the liver, was the subject of controversy 

for a long time. Dawes and Hughes (1964), in a review article on the invasive 

stage of Fasciola hepática in mammalian hosts, quote the large amount of 

investigation into the three possible routes, i.e. via the portal vein, via 

common bile duct or across the peritoneal cavity. The peritoneal route was 

first demonstrated by Sinitsin (1914) and later confirmed by Schumacher (1938). 

That is, the young fluke burrows through the intestinal wall into the 

peritoneal cavity and from there migrates to and penetrates the liver.

Schumacher (1938) found that in guinea pigs, rabbits and sheep, after 

excystation in the intestines, most of the young flukes have assembled in the 

peritoneal cavity about twenty four hours after infection. They start to 

enter the liver after forty eight hours and have completed the migration within 

four to six days. Kendall & Parfitt (1962), working with sheep, gave times 

similar to those of Schumacher, i.e. eighteen hours spent in the peritoneal 

cavity and ninety hours to reach the liver. Dawes (1961), in fifty experi

ments in mice using between ten and one hundred cysts in each animal, found 

free flukes in the abdominal cavity within twenty four hours. In this site 

many young flukes wander about for a week before entering the liver. The 

abdominal route of migration was also shown to occur in rats by Thorpe, (1965).

The doses of metacercariae needed to produce deaths from acute 

fascioliasis vary tremendously between species. In pigs, for instance, it 

was not possible to produce chronic, let alone acute fascioliasis (Ross et al. 

1967b). Special circumstances must be present to produce acute fascioliasis 

with F. hepática as opposed to F. gigantica (Sewell, 1966) in cattle, as when 

dosages of over 2,500 metacercariae of F. hepática were administered, a 

'blocking' phenomenon resulted and acute fascioliasis did not occur (Ross
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1965b and Ross 1967b). Taylor and Parfitt (1957) state that one metacercaria 

of F. hepatica results in the death of mice before six weeks after infection. 

Sewell (1961) showed however, that some mice can live much longer with one fluke. 

Hughes (1959) gave five to ten metacercariae and found that some mice lived to 

eight weeks after infection. Working with rats, Thorpe, (1965), found that 

all animals given 80 or 160 metacercariae died within six weeks after infection. 

Urquhart, (1956) found that 50 metacercariae given to rabbits, was fatal during 

the migratory stage in six out of twenty cases.

It would seem that acute fascioliasis can be relatively easily produced 

with low doses of metacercariae in laboratory animals. On the other hand in 

sheep, Gordon (1955) stated that acute fascioliasis had not been produced 

experimentally and this resulted in a deficiency in the knowledge of its 

epidemiology, pathogenesis and control. Taylor (1949), giving as many as 

10,000 metacercariae, both in repeated doses and as a single dose, was unable 

to produce deaths from acute fascioliasis. Jubb & Kennedy (1963) and Taylor 

(1964), gave estimates of 10,000 and 6,000 metacercariae respectively, picked 

up over a few days, as being necessary to cause death in the acute phase. 

Ross et al. (1967a) on the other hand, produced acute fascioliasis experimentally 

with as few as 5,000 metacercariae. Commenting on post-mortem examinations of 

field cases of acute fascioliasis, Ross (1967a) expressed the opinion , that 

assuming a take of 33^%, levels of infection of 3,000 to 5,000 metacercariae, 

may be all that is necessary.

A great deal of information is available about the proportion of a given 

dose of metacercariae which become established. Dawes & Hughes, (1964), in 

their review article, state that there is a wastage of potential flukes in all 

hosts of F, hepatica and its amount will depend, in the first instance, on the 

degree of skill exercised during manipulation of the cysts as well as, on the 
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care taken in the process of recovering the flukes. The proportion recovered 

will also vary according to the size of the host and the duration of the 

infection. It is comparatively easy to recover flukes from the bile ducts but 

to recover flukes at an early stage of infection is much more difficult. 

Schumacher, (1938) carried out five experiments in sheep. The first three 

experiments were terminated 1, 2 and 3 days respectively after infection with 

low yields of 6%. 9% and 6% of the initial dose but in the two remaining experi

ments, lasting 35 and 56 days, recoveries of 26% and 27% resulted. Montgomerie, 

(1928) and Sinclair (1962) also working with sheep, obtained yields of 37.4% 

and 32.5% respectively.

Urquhart, (1954), infected 32 rabbits with a total of 1,600 cysts and 

obtained a 37.2% take, and Hughes, (1963), produced a 30% take in 8 mice given 

10 cysts each. Low recoveries of less than 30% were found in sheep, by 

Sinclair (1964 & 1965), which this worker thought was due to low infectivity of 

the metacercariae. In experimental infections with a large number of meta- 

cercariae, Ross et al., (1967a), recovered 2,000 to 2,500 flukes from doses of 

5,000 metacercariae.

Dawes, (1962) showed that after 24 days, infections of mice with 5 cysts 

each, caused death. However, Boray et al., (1965), Kendall & Parfitt, (1962) 

and Ross et al., (1967a), stated that death from acute fascioliasis in sheep 

did not occur until 7-8 weeks after infection. Ershov, (1956); Taylor, 

(1964); Lapage, (1965) and Brunsdon, (1967), state that death from acute 

fascioliasis is characterised by sudden death, often without any symptoms. 

Lapage (1956), states that acute fascioliasis may develop quickly and appear 

in sheep that are apparently in good condition and Ross et al., (1967a) and 

Happich et al., (1967), say that affected sheep show depression, weakness and 

anaemia before death. Sheep are often found in a characteristic position, 

lying on the brisket with the nose resting on the ground, (Taylor, 1964).
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The abdomen is swollen, with fluid in the peritoneal cavity (Lapage, 1956; 

Taylor, 1964 and Ross et al., 1967a), and when the sheep is alive the abdomen 

is sensitive to pressure, especially in the angle between the ribs and the 

sternum (Lapage, 1956).

Commenting on the pathogenesis of the acute disease, Kendall and Parfitt, 

(1962), suggested that flukes between 5-7 weeks after infection were primarily 

responsible for death. In experimental infections with 5,000 metacercariae 

in sheep, Ross et al., (1967a), showed that between the sixth and seventh week 

after infection, the host develops anaemia and becomes extremely weak. During 

the subsequent seven days the anaemia becomes very severe and death supervenes. 

The main clinical pathological features were a marked eosinophilia, high serum 

glutamic-oxalacetic transaminase levels, severe hypoalbuminaemia and a severe 

macrocytic anaemia, Sinclair (1960 & 1962) described the clinical pathology, 

after doses of metacercariae which produced chronic fascioliasis. Cameron 

(1951), Ershov (1956) and Lapage (1965) have made general comments on the liver 

damage produced by flukes in their migration through the liver.

However most of the work on the pathogenesis of the acute disease has 

been done with laboratory animals. Dawes, (1961), described the feeding and 

migratory activities of juvenile flukes in the liver parenchyma of mice. 

Dawes, (1962, 1963a, 1963b and 1966) and Sewell, (1961), showed that there is 

a critical time for both host and parasite at 4 - 5 weeks post infection when 

many mice die. Thorpe, (1965), showed that this critical period occurs at 

about the same time in rats. Urquhart, (1956) and Sewell (1961), showed that 

in rabbits the period of most severe liver damage was from 6-7 weeks after 

infection. This critical time in laboratory animals is just before the flukes 

enter the bile ducts, (Dawes, 1963b) and thus corresponds to the time of death 

from acute fascioliasis in sheep (Ross, 1965a).

Post-mortem findings of sheep dying from acute fascioliasis have been 
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noted by many workers (Neumann, 1892; Ershov, 1956; Gresham & Jennings, 1962; 

Jubb & Kennedy, 1963; Taylor, 1964; Ross et al., 1967a and Happich et al., 

1967). They found principally, a blood stained serous exudate in the abdominal 

cavity and a fibrinous peritonitis on the liver, which is enlarged, friable in 

texture and congested with numerous haemorrhagic plaques. Ross et al., 

(1967a) state that acute fascioliasis shows the general features of acute 

haemorrhagic anaemia. The same post-mortem findings have been shown by Thorpe, 

(1965), in rats and by Dawes, (1963b), in mice.

Pantelouris, (1965) gives a good review of the literature on the histo

pathology of fascioliasis, however, the histopathology of acute fascioliasis 

in sheep has only recently been described by Ross et al., (1967a). There is 

a fibrotic reaction to the migrating flukes in sheep but this is less marked 

than it is in cattle (Dow et al., 1967; Ross et al., 1966 and Ross, 1965b). 

This fibrotic reaction in cattle is said by Ross, (1965b), to result in the 

death of the young flukes in granulomatous liver parenchyma in infections of 

over 2,500 metacercariae.

Infections with ’large' numbers of metacercariae have been shown by many 

authors (Montgomerie, 1928; Sewell, 1961; Taylor, 1964; Thorpe, 1965; Ross 

et al., 1966; Ross et al., 1967a; Kendall, 1967 and Kearney et al., 1967), to 

result in overcrowding or competitive inhibition and consequent stunting of 

the parasites. Ross, (1965a) showed that deaths from acute fascioliasis 

occur at about 7-8 weeks when the mean fluke length is about 6mm. (range, 

3 — 9mm.). A comparable mean fluke length is attained in light infections 

with 200 metacercariae in sheep, two to three weeks earlier, i.e. between 

five and six weeks after the infection. Dawes, (1963b) states that flukes 

grow and thrive on hepatic parenchyma until the critical period, after which 

time their growth in inhibited, as if by nutritional déficiences. The flukes 



8

are inhibited in their growth at a time when blood is probably available to 

them but when the amount of hepatic parenchyma is reduced by pathological 

developments. Dawes suggests that this indicates that blood is not the kind 

of nutrient which flukes require for normal growth.

There has been much controversy about whether or not adult flukes feed 

on blood and whether the resultant blood loss is the cause of anaemia in 

chronic fascioliasis. Cameron, (1951); Ershov, (1956); Lapage, (1956); 

Taylor, (1964) and Sinclair, (1962, 1964 and 1965) state that a toxin, or some 

other factor, may cause a dyshaemopoietic anaemia. However, the present day 

consensus of opinion is that the anaemia of chronic fascioliasis is mainly 

caused by a loss of blood via the bile ducts (Holmes et al., 1967a & b; Symons 

and Boray, 1967; Sewell, 1967a; Sewell et al., 1968; Dargie et al., 1968). 

Sinclair, (1962), states that there is no anaemia until the flukes are in the 

bile ducts but this worker was using low doses of metacercariae.

Symons and Boray (1967) and Ross et al., (1967a), commenting on the 

anaemia in acute fascioliasis in sheep, state that it is due to haemorrhage 

into the liver substance and peritoneal cavity. Taylor, (1964) states that 

this anaemia may be due to a toxin or to extensive destruction of liver tissue.

Dawes & Hughes, (1964) state that there is little evidence to be gleaned 

from the literature of a naturally acquired resistance to F. hepatica in the 

field. Dublin, (1952) has shown that infection in sheep can last at least 

eleven years. Sinclair, (1962), found little evidence of the development of 

immunity following repeated doses of metacercariae. Vaccination with materials 

from dead flukes or with the secretions and excretions from living flukes or 

with living'X—ray irradiated metacercariae have met with slight success in 

immunisation against F. hepatica. This work is well described by Dawes &

Hughes (1964) and Pantelouris (1965).
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Serological tests for the diagnosis of liver fluke have been used in 

both man and animals and are reviewed by Soulsby, (1952); Sewell, (1961) and 

Pantelouris, (1965). Sewell, (1961), using a semi-quantitative precipitin 

technique and complement fixation, has shown the development of a response 

during experimental infections in mice, rabbits and cattle. This response 

reaches a maximum at 5 - 7 weeks after infection. However, this worker found 

no correlation in rabbits between the serological response and the number of 

parasites.

The object of the present work is to try to fill some of the gaps in our 

knowledge of the pathogenesis of acute fascioliasis in sheep by means of 

haematology, liver function tests, serum biochemistry and serology.
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CHAPTER TWO

PRODUCTION OF INFECTIVE MATERIAL

In order to study the pathogenesis of acute fascioliasis in sheep, a 

very large number of the metacercariae of Fasciola hepatica were required. 

The initial supplies of the snails, Lymnaea truncatula (Muller), intermediate 

host of F. hepatica, were available from a stock colony at the Veterinary Field 

Station, Royal (Dick) School of Veterinary Studies. The food for these snails, 

which is algae mainly of Oscillatoria spp., was also available at the Field 

Station. The techniques to produce metacercariae were similar to those 

described by Sewell (1961) but various modifications were necessary to produce 

the large numbers of metacercariae needed. 

PREPARATION OF ALGAL CULTURES

The natural habitat of L. truncatula comprises small open mud flats that 

lie between pools of shallow water and low grassland (Taylor and Mozley, 1948). 

In this environment they live on the algae which grow under these conditions 

(Kendall, 1953). To grow the algae needed to feed snails kept in culture it 

is necessary to produce these conditions in the laboratory. 

Methods of Production of Algal Cultures

Top soil, which had been previously shown to grow good algal cultures, 

was collected from the immediate vicinity of the Field Station. If this soil 

was wet or frozen when collected, as often happened in the winter, it was 

dried overnight in a warm room. The soil was passed through a coarse sieve, 

of | inch mesh, to remove large pieces of soil, stones and other debris. It 

was then sterilized by autoclaving at 15 lbs. per square inch for 20 minutes. 

After allowing the soil to cool, distilled water was added and the soil was 

mixed with a spatula to produce a mud of smooth, plastic consistency.

Distilled water was used since tap water can be deleterious to the snails.
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The mud was smoothed into the bottom of plastic sandwich packs, (Stewart Plastic 

Products, size 7 inches x inches x 1| inches deep), to a depth of about 1.5 

cm., so as to produce a very flat surface on which the algae could spread.

A small section of algae from an old culture was placed in the middle of 

the culture and the whole surface wet gently with distilled water. The lid 

was then put on the box to provide a fairly airtight seal so as to delay 

desiccation. The boxes were put in a warm room at 37°C. Two 30 watt (Osram, 

warm white type) fluorescent strip lights, six inches apart, were mounted 15 

inches above the boxes.

It was necessary to wet the top of the mud every day for the first three 

or four days and then every other day. The algae grew rapidly and by about

four days had covered the whole surface of the mud. By six to seven days the 

culture was usually dark green and thick enough to be used for snail food. 

If the culture was not used immediately it tended to go brown in patches. 

Prepared cultures were stored in the dark with the lid on, in a cold room at 

about 1O°C. After a time at this temperature the algal layer became thinner. 

However, they could be restored, before snails were fed on them, by wetting 

the surface again and placing them overnight under the strip lights at 37°C. 

This procedure produced a very good, thick algal growth again. 

Factors Affecting Growth of Algal Cultures 

1. Soil

The same top soil collected from the same field adjacent to the Field 

Station, which produced good algal growth, was used throughout the culture 

work except on one occasion when the topsoil was frozen. Some soil about 

six inches below the surface was collected but the resulting algal growth was

very poor.
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2. Temperature

Taylor & Mozley (1948) and Sewell (1961) grew algal cultures at room 

temperature and produced usable growth ready for introduction of snails in 

2-3 weeks. This was simulated by using a temperature of 27°C. Fungal 

growth suppressed the algae in many of these cultures and it took about 10 

days to produce a thick growth of algae. Because of the difficulty of 

producing enough algae for the large number of snails needed, the temperature 

o of the warm room was raised to 32 C., to see whether this would speed the 

growth of algae. Not only did the algae grow faster but the fungus growth 

o ceased to be a problem. Using 37 C, it was found that the algae grew even 

faster, so this temperature was used routinely.

3. Water

Sewell (1961) stated that further water must be added to the cultures 

during the first few days after seeding. However, when 37°C was used, it 

was necessary to water the cultures daily for the first 3 or 4 days and then 

at least every other day.

4. Light

Sewell (1961) got no improvement in growth of algae using artificial 

lighting, either with a tungsten lamp or with fluorescent strip lighting. 

However, in the present work, a very good growth of algae resulted from the 

use of fluorescent strip lighting at the strength indicated above. After a 

week of growth, however, patches of brown were observed on the cultures. 

This ’browning’ could be delayed by reducing the strength of the fluorescent 

lighting by a half (i.e. from two 30 watt lamps to one), when the algal growth 

was thick and green.

In the course of the culture work the tops of the sandwich packs became 

scratched and these cultures did not grow as fast as cultures in boxes with
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new tops. It was concluded that this may be because the scratching cuts down 

the amount of light transmitted.

Re-growth of ’Used’ Cultures

Attempts to stimulate re—growth of algae, on cultures that had been used 

by snails, gave poor results. Even when the top one to two millimeters of 

soil was scraped off, leaving about one centimeter around the edges from which 

'old' algae could be spread, only poor growth occurred. It appears that the 

soil may be depleted of essential nutrients or toxic products are produced by 

the snails which inhibit algal re-growth.

MANAGEMENT OF SNAILS UNDER LABORATORY CONDITIONS

Lymnaea truncatula grew and thrived very well on these cultures in an 

incubator kept at 23°C. No supplementary diet, in addition to algae, was 

needed; such as was added by Kendall (1953) and Taylor & Mozley (1948).

General observations on the bionomics of the snail were made, but these 

have already been very well described by Roberts (1950), Kendall (1953), 

Sewell (1961) and Taylor (1964).

One of the problems encountered in managing the snail cultures was 

handling the very small snails without damaging them. Sewell (1961) left 

the egg masses on the cultures on which they were laid. The adult snails 

were removed and the culture left in the light to stimulate algal growth and 

to allow the young snails to hatch. However the young snails invariably ate 

the algae present before they reached a size where they could easily be 

handled. Sewell used a wide bore pipette to pick them up but an additional 

technique used was to place strips of algae among the ’starving’ snails and 

overnight they migrated on to these strips. Algae and snails could then be 

transferred together to a new culture.

Many small snails could be kept on a single culture but as they grew 
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they consumed the algae rapidly and this necessitated their regular transfer 

to new cultures. It was found that 20 adult snails could be kept on a 

culture for 3-4 days. This proved convenient, as, when shedding meta- 

cercariae twice a week, the snails could be placed on fresh cultures after 

the shedding,thereby reducing handling to a minimum.

DEVELOPMENT OF THE LARVAL STAGES OF FASCIOLA HEPATICA IN LYMNAEA TRUNCATULA 

Culture of. Fasciola Eggs

The eggs of Fasciola hepatica were obtained from the gall bladders of 

sheep with fluke infection, at a local abattoir. The bile was put through 

sieves and the eggs were washed and incubated in distilled water, as described 

by Sewell (1961). Care must be taken to avoid incubating too many eggs in 

one bottle, or the developing miracidia die, possibly because of inadequate 

aeration of the surrounding water. 

Technique of Infecting the Snails

Snails of a size of 2 - 5 mm. were infected as advised by Roberts (1950) 

and Sewell (1961), the infection technique being that used by Sewell except 

that snails were only left exposed to the miracidia for about four hours. 

The Development of the Parasite in the Snails

By three weeks post infection, rediae could be seen developing in the 

snail. This was possible by turning the snail on its back and, with the aid 

of a stereoscope, looking through the non-pigmented part of the shell just 

behind the opening of the shell. Here, the rediae could be seen most easily 

when moving their ends. However, a much more definite diagnosis of infection 

could be made at four weeks, when the cercariae could be seen as white bodies 

inside the rediae, appearing as double white chains.

By five weeks after infection, many cercariae had been released from 

the rediae into the tissues of the snail and could be seen making jerky 



15

movements. At this time too, a few cercariae were seen swimming in the 

immediate environs of the snail and some metacercariae were seen encysted on 

the outside of the shell and on the inside of the box Just above the mud. 

Accordingly, the first shedding of the snails was induced between five to six 

weeks after infection.

Inducing Shedding of Cercariae

The technique of inducing shedding which was developed at the Central 

Veterinary Laboratory, Weybridge, was described by Sewell (1961). This 

technique was employed, except that shedding was done in polythene bags 

(13.5 cm. long by 7.5 cm. wide), instead of test tubes. About 20 - 25 snails 

were placed in these polythene bags and distilled water added. It was found 

very important to cool the water by 5 - 10°C to get a good shedding and during 

summer this could best be done by packing ice round the bag. A light was 

directed at the shedding snails. With water, a drop in temperature and light, 

the cercariae were seen to leave the snails in large numbers after about two 

hours. Most of those shed had become encysted on the walls of the bag within 

three to four hours. However the snails were left in the bags for five to 

six hours before being removed and placed on fresh algal cultures.

The water was left in the bag overnight to ensure that the metacercariae 

were firmly attached to the polythene. Next morning, this water was poured 

out and the debris, consisting of faeces, slime and mud from the snails, was 

gently washed from inside the bag. The water was then tipped out and a little 

wet cotton wool placed in the bag to ensure a saturated atmosphere. The bag 

o 
was then put in a 4 oz, screw-cap jar and stored at 10 C.

It was found convenient to shed the snails twice a week.

VIABILITY OF METACERCARIAE

Taylor (1949) reported that metacercariae stayed alive for up to twelve 
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months under optimum conditions,. However Sewell (1961) observed a considerable 

degree of mortality among metacercariae after a very few weeks. On one 

occasion, this latter worker observed nearly 100% mortality within four to 

five weeks of shedding.

Methods of Storage of Metacercariae

For infecting the experimental sheep, the metacercariae collected over a 

period of five weeks were pooled and samples examined steroscopically.

Initially, the polythene bags were rolled and put singly into universal 

containers with one to two centimeters of water in the bottom. The cap was 

put on the bottle, to prevent evaporation, and the bottle placed in the dark 

at 10°C. Steroscopic examination showed an apparent 50% viability of the 

pooled sample. These metacercariae were used for the first experiment in 

sheep. A very poor take was obtained in this experiment (mean 8.5%) and it 

was assumed that many of the metacercariae that looked satisfactory to the 

eye were, in fact, non-viable.

Boray and Enigk (1964), investigating the survival and infectivity of 

Fasciola hepatica metacercariae, found that there was at times a poor cor

relation between microscopic examination and a biological test.

These same workers found that metacercariae stored at 10°C and a 

relative humidity of 90%, were viable for at least 122 days. Under natural 

conditions, metacercariae are in a film of water on a leaf or other object 

and exposed to air. It was therefore decided to store the metacercariae in 

much bigger bottles and with much less water.

The polythene bags were placed singly in 4 oz. bottles, with a little 

wet cotton wool inside to keep the bags open and to provide a saturated 

atmosphere. The tops of the bags were trimmed off so that air could circulate 

between the inside of the bag and the bottle even with the cap screwed on.



17

The bottles were stored at 10°C and in the dark as before.

In later experiments, using this method of storage, a much better take 

was obtained.

INFECTION TECHNIQUE

Dixon (1964), Sinclair (1964), Boray et al. (1965) and Lucas (1967), 

infected sheep with relatively small numbers of metacercariae administered 

inside a gelatin capsule. Sewell (1961) and Urquhart (1954) infected cattle 

and rabbits respectively by dosing with pieces of polythene on which the 

appropriate number of metacercariae were encysted. However, dosing the sheep 

with a very large number of metacercariae by these means was not practical.

Taylor (1949) and Jubb & Kennedy (1963) stated that at least 10,000 

metacercariae were necessary to produce acute fascioliasis in sheep but Ross 

et al. (1967a) showed that fatal acute fascioliasis may follow dosages of only 

5,000 metacercariae. Sewell (1965) observed deaths at 9 to 11 weeks after 

infection in two sheep given 11,000 metacercariae and one of two sheep given 

5,500 metacercariae. It was therefore decided to use 10,000 to 11,000 

metacercariae to try to produce acute fascioliasis.

The metacercariae were scraped off the polythene and washed into a large 

beaker of water. Here the metacercariae sedimented and could be concentrated 

by pouring off some of the supernatant water. The water containing the 

metacercariae was transferred into a measuring cylinder. After thorough 

mixing, 1 ml. aliquots were taken with a wide bore pasteur pipette and 

transferred to a petri dish. The pasteur pipette was siliconed (Repelcote, 

Hopkins & Williams, Ltd.) to try to prevent the metacercariae sticking inside. 

A stereoscope was used to count the metacercariae and assess their viability 

in this aliquot. At least six aliquots were counted and a random sample of 

between 200 - 250 metacercariae were assessed for viability. By this means 
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it was possible to calculate the number of * viable1 metacercariae in the 

measuring cylinder.

After thorough mixing, aliquots containing the required number of 

'viable' metacercariae, were poured on to filter paper in a Buchner funnel 

and the water sucked away through the paper. The filter paper retained the 

metacercariae, and was carefully folded, so as to ensure that they were not 

lost. The paper was folded to a size that could be administered to the 

sheep with a balling gun.
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CHAPTER THREE

DESCRIPTION OF TECHNIQUES USED IN THE STUDY 

OF THE PATHOGENESIS OF ACUTE FASCIOLIASIS 

1. MEASUREMENT OF WEIGHT GAIN

The measurements of weight gain were made by direct weighing at weekly 

intervals or as often as was practical.

2. EXAMINATION OF FAECES FOR EVIDENCE OF PARASITISM

The method used was direct differential centrifugal flotation (D.D.C.F.). 

A small quantity of faeces (about 5 gms.) was placed in a sieve, breaking the 

pellets with a spatula and washing the debris through with about 20 ml. of 

water; stirring with the spatula at the same time to help the eggs pass 

through. The fluid was centrifuged in a tube at about 1,000 r.p.m., for one 

minute and the supernatant discarded. The tube was refilled with saturated

salt solution, the sediment resuspended and the tube recentrifuged. It was 

then topped up with saturated salt until a small convex meniscus was formed.

A cover slip was placed over the meniscus and the tube left to stand for about 

15 minutes. The cover slip was carefully removed, vertically, placed on a 

microscope slide and examined for eggs and larvae.

Trematode and Trichuris eggs do not float up in saturated salt solution, 

so the second supernatant was discarded and replaced by zinc sulphate 

solution with a specific gravity of 1.30. The sediment was resuspended and 

the tube recentrifuged. It was then topped up with the zinc sulphate 

solution, until the small convex meniscus formed, and a cover slip placed over 

this and the tube allowed to stand for about another 10 minutes before 

examining the cover slip.

3. HAEMATOLOGY

Blood for haematology was collected in 2g ml. aliquots in small plastic 
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bottles using E.D.T.A. as an anticoagulant. The blood was mixed, using a 

Matburn cell suspension mixer (Matburn Ltd.), before performing the following 

techniques.

Packed Cell Volume

Packed cell volume was determined using a Hawksley Microhaematocrit 

Centrifuge and Reader, by the standard technique, the tubes being sealed by 

heat and centrifuged for 5 minutes.

Haemoglobin Concentration

Haemoglobin concentration was determined using the alkaline-haematin 

method (Clegg & King, 1942). The optical density was read in an E.E.L. 

Portable colorimeter (Evans Electroselenium Ltd.) using a yellow-green Ilford 

625 filter, and compared with a standard equivalent to the colour of a l;100 

dilution of a blood sample containing 16.0 G. of haemoglobin per 100 ml., 

(Gibson, Harrison Artificial Hb. Standard, B.D.H. Ltd.). 

Red Cell Counts

Red cell counts were determined using a Coulter Blood Cell Counter 

(Coulter Electronics Ltd.), Model A, Medical. The settings for the Coulter 

Counter were 100 aperture, current setting 6, threshold 10. Blood was 

diluted 1:100,000 with 0.9% sodium chloride solution. The red cells were 

counted immediately after dilution. Automatic red cell counting was preferred 

to manual counting as it gives more accurate results for sheep erythrocytes 

(Winter, 1965). 

Total White Cell Counts

Total white cell counts were done by the visual method of Dacie & Lewis 

(1963), using an improved Neubauer Chamber except that the total volume was

altered, 0.1 ml. of blood being added to 4 ml. diluent.
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Ab s o1u te Eosinophil Counts

Absolute eosinophil counts were done by the method of Dacie & Lewis 

(1963) using an improved Neubauer Chamber except that the total volume was 

altered, 0.1 ml. of blood being added to 0.8 ml. of eosinophil diluent. 

Differential White Cell Counts

Blood films were made by the method of Dacie & Lewis (1963) on microscope 

slides cleaned by soaking in Decon (A.K. Gallenkamp Ltd.) overnight and dried 

in an oven. The films were stained with Leishman's (G.T. Gurr Ltd.); using 

concentrated stain for two minutes to fix the cells, followed by the addition 

of two volumes of water, the diluted stain being left on for 12 minutes before 

the stain was differentiated with distilled water. Differential counts of the 

white cells were made using the four field battlement technique described by 

Dacie & Lewis. A total of 200 cells was counted and the cell types expressed 

as a percentage. 

Haemagglutination

In experiment I, on the pathogenesis of acute fascioliasis, the serum for 

biochemistry and serology was obtained in the following manner. The blood was 

allowed to clot at room temperature and then centrifuged at 10°C. The serum 

was poured off and recentrifuged to remove the small number of red cells still 

present.

About midway through the experiment it was noticed that in the infected 

animals these residual red cells adhered to each other and to the bottom of 

the centrifuge tube when the serum was decanted, whereas in the controls the 

cells moved freely. It was decided to investigate the presence of a possible 

haemagglutinin in the serum of the infected animals. By this time two of the 

infected animals in the experiment had died and the test was restricted to the

remaining two infected animals and the two controls.
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An adaptation of the method of Dacie & Lewis (1963) was used.

Ten ml. of blood was collected from each sheep in Alsever's solution.

The plasma was separated by centrifugation and the red cells washed four times 

in saline at 37°C. After a final washing in isotonic phosphate buffered 

saline pH 7.3 (Dulbecco A tablets, Oxo Ltd.), 0.5 ml. of the washed, packed 

red cells was added to 25 ml. of phosphate buffered saline to make approx

imately a 2% suspension of red cells.

A further 20 ml. of blood was collected from each sheep for serum.

Half of this was allowed to clot at 37°C and the other half at room temperature. 

The test was set up as in table 3.1; the effect of three different reaction 

temperatures, 2°C, 10°C and 20°C being investigated. Both sera from each 

sheep were double diluted to 1-.256 with phosphate buffered saline and 0.5 ml. 

of each dilution was placed into the hollows of plastic haemagglutination 

trays.

A red cell suspension dropper was made from a 1 ml. hypodermic syringe 

without its plunger. A 19 gauge cannula and a rubber teat were attached to 

to the syringe. This dropper gave drops of about 0.025 ml. each. Two drops 

of 2% red cell suspension were put in each dilution of the autologous serum 

using this dropper. The plates were gently shaken to ensure an even 

suspension of red cells and incubated overnight. The test was read visually 

over a white card by a scoring technique. One plus indicated the highest 

dilution of serum which gave any agglutination of red cells and was taken as

the titre of that serum.
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TABLE 3.1

Results of Haemagglutination Experiment

P.b.s. = phosphate buffered saline

Reaction 
Temp .

Sheep 
No.

Inf ec
-tion

Temperature 
at which 
blood 

clotted

Haemagglutination at serum
P.b. s.
Control

dilution 1:

128 2562 4 8 16 32 64

O
 

0

41 + 37°C ++++ ++++ ++++ ++++ +++ 4-4- + »a + +
Room ++++ +++ ++ ++ + - — +

43 — 37°C ++ + - - — - — - +
Room + - - — — - — + !

45 +
o 37 C ++++ ++++ +++ ++ ++ + - - +

Room ++++ +++ +++ ++ + - — - +

46 — 37°C + - — - — - - - 4-4-

Room ++ — — — . — — — ++

10°C 41 + 37° C ++++ +++ +++ ++ ++ + tea — +
Room 4" 4-4-4- ++ + — — - ++

43 tea 37° C + — — — - tea ++
Room - - — — — tea tea — 4-4-

45 + 37° C ++++ ++++ +++ + + + - - e-» +
Room ++++ +++ 4-4- + — tea — 4—1"

46 — o
37 C + - — — - — — +
Room - - - — — — — 4-

20° C 41 +
! O

37 C + + + — tea — tea — aa —■

Room ++ + - - — —

43 — 37°C — - - - — - - - -

Room - - - - — - — -

45 + 37°C +++ + — — — — — — -

Room + - - «a» - — «a ! “

46 — 37°C - — — - - tea - ‘ -

Room — — — — — — tea — -
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The results in Table 3.1, show that the sera of the infected animals had

a higher haemagglutination titre than the controls. Haemagglutination went 

o one dilution further with serum clotted at 37 C. than with that clotted at 

room temperature. All agglutination dissociated if the plates were later put 

o o
at 37 C and the titre was highest at 4 C; so that the haemagglutination 

appeared to be due to a cold agglutinin. There was some agglutination in the 

phosphate buffer saline controls. This was probably due to lack of serum 

because, when normal rabbit serum, which had been absorbed with sheep red cells 

o and inactivated at 56 C for 30 minutes was added to the phosphate buffered 

saline at the rate of 1 part to 100 parts, there was no haemagglutination in 

the controls. It was also found that E.D.T.A. could be satisfactorily used 

in place of Al sever's solution as the anticoagulant.

Using the above technique, with the modifications described, sera from 

sheep numbers 41, 43, 45 and 46 from experiment I, which had been separated 

from blood clotted at room temperature and stored at -20°C, were titrated 

using homologous red cells and the results are shown in Chapter 5. For 

experiments II and III, the serum was obtained from blood that had clotted at 

o 37 C, and was titrated with autologus red cells on the day of collection. 

Mechanical Fragility

The mechanical fragility of the red blood cells was determined using the 

method of Dacie & Lewis (1963).

Autohaemolysis

The autohaemolysis technique was used to determine if there is increased 

autohaemolysis in infected sheep's red cells as well as the cold haemagglutinin. 

The method of Dacie & Lewis (1963) was used as a basis and the effect was 

observed of incubating red cells in autologous plasma and in phosphate buffered 

o o o osaline at four temperatures, 4 C, IO C, 20 C and 37 C as shown in table 3.2.
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Blood was taken from each sheep into bottles containing E.D.T.A. as an 

anticoagulant. These were centrifuged and both the plasma and the red cells 

were recovered separately. For each sheep, four tubes, one for each temp

erature, were prepared in the following manner.

One volume of packed red cells was added to two volumes of autologous 

plasma. This gave the same concentration of red cells to plasma for each of 

the sheep. The rest of the packed red cells were washed as in the haemag

glutination technique and one volume of packed, washed red cells was added to 

two volumes of phosphate buffered saline in four tubes for each sheep. A 

plasma and a saline test, for each sheep, were incubated at each of the four 

temperatures for 24 hours.

Each tube was then mixed and a small sample taken to make a 1:100 

dilution in 0.04% v/v ammonia, so as to produce a 100% haemolysis control. 

The tubes were then centrifuged and the supernatant pipetted off. This 

supernatant, along with the 100% haemolysis control and a plasma blank, were 

read in an E.E.L. Portable colorimeter using a yellow-green Ilford 625 filter. 

The results are shown in Table 3.2.

From Table 3.2 it can be seen that the infected animals 41 and 45, gave 

a greater percentage autohaemolysis than the controls. This was greater at 

4°C than at the higher temperatures and more evident in phosphate buffered 

saline than in plasma.

Therefore it was decided to use this technique in experiments II and III 

at a standard temperature of 4°C, with 24 hours incubation in phosphate

buffered saline.
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TABLE 3,2

The results of the Autohaemolysis Experiment on the 

effect of different temperatures, and the presence 

of plasma or saline, on red blood cells from sheep 

infected with Fascioliasis

Incubation 
temperature

Sheep 
No.

Red cells suspended in saline Red cells suspended in plasma

100 % 
haemoly

sis 
dilution

1:100

Super
natant 
dilution

1;4

Percent
age 

auto- 
haemoly

sis

1OO % 
haemoly

sis 
dilution

1:100

Plasma 
blank

Super
natant 
dilution

1:4

Percent
age 

auto- 
haemoly-

sis

4°C 41 2,55 3.3 5.1 2.8 0. 15 0.45 0.4
43 3,1 0.4 0.5 3.1 0.1 0.15 O. 1
45 2.9 8.7 12.0 3.5 0.1 1.0 1.0
46 2.8 1.0 1.4 3.5 0 0.4 0.5

10°C 41 2.9 2.6 3.6 2.8 0.15 0.8 0,9
43 2.9 0.3 0.4 3.1 0.1 0.25 0.2
45 3.3 6.9 8.4 3.4 0.1 1.1 1.2
46 3.0. 1.0 1.3 3.5 0 0.5 0.6

20° C 41 2.75 0.55 0.8 2.7 0.15 0.15 0
43 2.7 0.1 0.2 3.3 0.1 0.1 0
45 2.9 2.3 3.2 3.6 0.1 0.65 0.6
46 2.9 0.3 0.4 3.7 0 0.5 0.5

37°C 41 2.7 0.3 0.4 2.7 0.15 0.35 0.3
43 2.5 0.1 0.2 3.1 0. 1 0.2 0.1
45 3.0 0.6 0.8 3.2 0. 1 0.8 0.9
46 2.6 0.2 0.3 3.2 0 0.4 0.5

41 & 45 infected sheep (10 weeks post infection)

43 & 46 non infected control sheep
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Osmotic Fragility

As the infected animals' red cells in experiment I showed a greater 

autohaemolysis than those of the controls, it was decided to determine their 

osmotic fragility at the same time. This was done using the technique 

described by Dacie & Lewis (1963). The results were read in an E.E.L. 

Portable colorimeter using an Ilford 625 filter.

This technique is time consuming so it was decided not to use it in 

experiments II and III until the autohaemolysis test showed a definite 

indication of increased red cell fragility.

4. BROMSULPHTHALEIN (B.S.P.) DYE EXCRETION TEST

A normally functioning liver removes the dye B.S.P. from plasma and 

excretes it in the bile. If liver function is impaired, or biliary obstruc

tion is present, the excretion is delayed (Seligson & Marino, 1958). This 

test was used in the present studies as an index of liver function.

However according to Cornelius & Kaneko (1963), B.S.P. is excreted 

extremely rapidly from the plasma of sheep. They found the mean half 

clearance time was 2- 0.3 minutes with a range of 1.6 - 2.7 minutes. This 

presents a problem because it means that blood sampling must be performed 

extremely rapidly or the concentration of the dye in the plasma becomes too 

low to measure.

Seligson & Marino (1958) and Cornelius & Kaneko (1963) recommend a dose 

of 5 mg./kg. body weight but in order to make sampling easier it was decided 

to increase the dose rate to 8 mg./kg. body weight, which, it was hoped, would 

extend the time available for sampling.

The dye was injected into the jugular vein of the sheep by hypodermic 

needle or catheter, and blood samples taken from the opposite jugular vein at

3, 4, 7 and 10 minutes after injection. The concentration of B.S.P. in the
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plasma of these samples was determined by the method described by Seligson & 

Marino (1958) and using an E.E.L. Portable colorimeter with an Ilford 625 filter. 

The readings were converted to milligrammes B.S.P. per 100 ml. of plasma, using 

a standard graph calibrated against known quantities of B.S.P. measured in the 

same colorimeter.

Cornelius & Kaneko (1963), state that there is an exponential loss of 

B.S.P. from the plasma so the concentrations of B.S.P. were plotted in 

logarithmic form against time. Two samples were taken early (i.e. 3 and 4 

minutes) and two later (i.e. 7 and 10 minutes), so as to give the upper and 

lower limits of the excretion curve. These points usually lie very nearly 

in a straight line.

The B.S.P. test was carried out on the sheep in experiment I. An 

observation was taken before infection and at weekly intervals from three 

weeks after infection. It was noted that the clearance times for the plasma 

B.S.P. in the infected animals became progressively longer relative to that 

of the control animals (See results in Chapter Five). However, the values 

for the control animals varied greatly and were mostly very much longer than 

those quoted for sheep by Cornelius & Kaneko (1963), the variation in half 

clearance time being from 2.4 minutes to 11.6 minutes.

Harvey (1965), discussing a paper by Ford (1965), drew attention to 

experiments in dogs carried out by Richards, Tindall and Young (1962). These 

workers showed the double nature of the B.S.P. dye elimination curve; the 

first part due predominantly to the rapid uptake of the dye by the liver from 

the plasma and the second to the continued excretion of dye into the bile. 

Harvey called the first part equilibration and the second elimination and 

stated that, while the points on the curve might be represented as a single

straight line in the majority of cases with low dosages, higher doses 
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undoubtedly resulted in two lines with different slope values.

It was decided to test the effect of different dose rates of B.S.P. in 

a normal sheep. Injections were given by intravenous catheter to eliminate 

any chance of dye leaking from the vein. The observations were made at least 

one week apart and the results are shown in graph 3.1.

Samples were taken repeatedly, starting one minute after injection of 

the dye, as indicated on the graph and a dose of 8 mg./kg. being compared with 

10 mg./kg. and 5 mg./kg..

The curves for 8 mg./kg. and 10 mg./kg. were very similar, with half 

clearance times of 6.3 minutes and 6.6 minutes respectively. All the points 

lie almost in a straight line, except for the one minute sample which was 

excluded for the purpose of half clearance time calculations. This early 

departure from a straight line corresponds to the equilibration part of the 

curve shown by Harvey (1965).

However, the result following a dose of 5 mg./kg. was markedly 

curvilinear. A straight line drawn through the observations from one minute 

to three minutes, gives a half clearance time of 2.2. minutes, which agrees 

with the values of Cornelius & Kaneko (1963) for normal half clearance times 

in sheep. This is probably the equilibration part of the curve.

The latter part, with observations from 4 to 10 minutes and with a half 

clearance time of 5.1 minutes, possibly corresponds to the elimination part 

and appears to have been omitted from Harvey's low dosage graph.

The later collections resulted in rather low dye concentrations for 

accurate reading on the colorimeter. Therefore a dose rate higher than 

5 mg./kg., i.e. 8 mg./kg., with a first reading at about 3 minutes after 

injection probably gives a more accurate curve for the estimation of the

B.S.P. excretion rate in sheep.
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GRAPH 3.1

EXCRETION CURVES IN SHEEP
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The variability of the values for the control animals in experiment I 

may be due in part to leakage of dye from the vein through the use of a 

hypodermic needle for injection. A loss of dye would result in a lower dose 

rate and consequently the lower dose type of curve.

Therefore, injection by catheter is preferable when carrying out B.S.P. 

dye excretion tests. Catheters were tried in experiment I but because of 

the small size of the sheep, it was found easier to use a hypodermic needle. 

5. OCCULT BLOOD

Occult blood was detected using Haematest tablets (Ames Co., Ltd., 

London) and the benzidine test (Harrison, 1947). The benzidine test was 

kindly carried out by Mr. R, Brown of the Department of Veterinary Medicine, 

Royal (Dick) School of Veterinary Studies. 

6. POST-MORTEM PROCEDURES

Post-mortem examinations were carried out on the sheep as soon as 

possible after they died or had been humanely destroyed.

Any discharges from the natural orifices were noted, as was the amount 

and colour of the subcutaneous fat.

Upon opening the peritoneal cavity, any ascitic fluid present was 

carefully collected and the amount measured. If the fluid was red, the 

concentration of haemoglobin in it was estimated and used to indicate the 

amount of blood in the fluid. The fluid was also assayed for proteins by 

the biuret technique and electrophoresis and for bilirubin. The fluid was 

then passed through sieves of 30 mesh per inch and 60 mesh per inch to 

collect any flukes present. A careful examination was made of all internal 

organs for abnormalities.

In experiment I, the abomasum and the small and large intestines were

tied off and put aside, to be checked later for the presence of gastro
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intestinal parasites. This was done by opening up each in turn and washing 

the contents through sieves of 10 mesh per inch and 60 mesh per inch. The 

mucosa were rubbed between finger and thumb to try to ensure that all parasites 

were removed. The sievings from the 10 mesh sieve were examined in a black 

tray and a tenth or a hundredth sample of the sievings from the 60 mesh sieve 

were examined under a stereoscope.

The humerus, ilium, sternum and four or five lumbar vertebrae were split 

open and examined for erythropoietic activity.

Next, the liver was carefully removed and photographed; the gall 

bladder was separated and the liver weighed. The gall bladder was opened 

and the colour of the bile noted. In the animals which went on to chronic 

fascioliasis, the flukes present in the gall bladder and main bile duct were 

collected.

In the acute disease one of the most difficult and tedious tasks was 

that of extracting the immature flukes from the hepatic parenchyma and making 

an accurate estimation of their number. A technique was employed similar to 

that described by Taylor (1932) and Ross et al. (1966). The liver was cut into

slices one to two centimetres thick, and a random sample was taken, constituting 

a known percentage of the weight of the liver (usually about a tenth). This 

was squeezed in warm saline and left, with periodic further squeezing, for 

about four hours at 37°C to allow flukes to migrate out. The liver sample 

was passed through sieves of 10 mesh per inch, then 30 mesh per inch and 

finally 60 mesh per inch. The 10 mesh per inch sieve kept back most of the 

liver matrix which was put in fresh saline and left overnight at 37°C by which 

time a few more flukes were obtained. Most of the flukes were retrieved from 

the 30 mesh per inch sieve but some very small ones and some pieces of flukes

were collected on the 60 mesh per inch sieve.
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The flukes were washed from the sieves into a black tray. From here 

they were poured into a large beaker and allowed to sediment. Excess water 

was then removed. The flukes were counted and measured in a petri dish, 

with transverse parallel grease pencil lines on the bottom, under a steroscope. 

As some flukes were broken, only head ends were counted and the number obtained 

was multiplied by the appropriate factor to give the total number of flukes in 

the liver. A random sample of about 100 - 150 flukes were measured by 

viewing them with a stereoscope against a clear plastic six inch ruler placed 

under the petri dish.

Samples of tissue for histopathology were fixed in 1O% formol saline. 

The Department of Veterinary Pathology of the Royal (Dick) School of 

Veterinary Studies kindly prepared the haematoxylin and eosin stained sections 

and also, where required, other sections stained with prussian blue for 

haemosiderin.

Black and white photographs were taken on Ilford R20 plates and printed 

on Ilford bromide paper. Colour transparencies were taken on Kodachrome II 

film and processed by Kodak, Ltd., who also prepared colour prints of the 

transparences. 

7. SERUM BIOCHEMISTRY 
o 

The serum biochemistry was all carried out on coded sera stored at -20 C 

until the end of the experiments, except for certain indicated tests in 

experiments II and III which were done on the day of collection. 

Serum Iron

The Schweizerhall Test Kit (Schweizerhall, Switzerland) was used for the 

photometric determination of the concentration of iron in the serum.

All glassware used to store the serum and to perform the test was 

cleaned by soaking for 24 hours in 10% N.HCI and then repeatedly washing in 
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distilled and de-ionized water. The rubber seals in the caps of the storage 

bottles were removed, as rubber tends to absorb iron, and replaced by a piece 

of polythene film.

Readings were made in an E.E.L. Portable colorimeter with an Ilford 624 

filter against a reagent blank as zero. Using the test kit standard, the 

results were converted into micrograms of iron per 100 ml. of serum.

Bilirubin

Taylor (1964) said that there is a general absence of jaundice in sheep 

affected with fascioliasis and Ross et al. (1967a) commenting on field and 

experimental cases of the acute disease, did not record its existence. How

ever, during the course of the first experiment on the pathogenesis of acute 

fascioliasis in sheep, it was noted that there was a progressive increase in 

the yellowness of the serum which was most marked in the more severely 

affected animals.

Sheep usually have low levels of bilirubinaemia. Setchell (1961) 

recorded a highest level of 2.2 mg.% in sheep with carbon tetrachloride 

intoxication, whereas Varley (1944) gives values of 20 - 30 mg, % in 

obstructive jaundice in humans.

Varley recommends the use of the method described by Powell (1944) for 

detection of small increases in bilirubin. This method was used, as described 

by Varley. Unfortunately the direct method caused turbidity with sheep serum, 

and so only a subjective assessment of the amount of direct bilirubin was made 

by carefully adding the diazo reagent to the serum and noting the intensity of 

the pink coloration at the interface. After adding sodium benzoate urea the 

concentration of the total bilirubin was measured in an E.E.L. Portable color

imeter with an Ilford 625 filter and compared with the methyl red standard

given by Varley.
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In the method, as described by Varley, 10 minutes incubation at room 

temperature after the addition of the reagents to the serum allows maximal 

development and intensification of the pink colour which is measured in the 

colorimeter. However, while testing the sera from experiment I, it was 

found that the pink colour faded during this incubation period.

Henry (1964) states that frozen samples of human sera can be stored for 

about 3 months without loss of bilirubin. Some of the sera from experiment I 

had been stored at -20°C for more than this time and so it was thought that 

the storage may have resulted in this fading phenomenon. Accordingly, the 

results of the serum bilirubin assays from experiment I are not recorded and 

the tests on sera from experiments II and III were done as soon as possible on 

the day of collection.

Even so, when the yellowness of the serum in the infected sheep began 

to appear indicating possible increased bilirubin levels, the same phenomenon 

was noted. This would indicate that the fading is not due to the storage of 

the serum at -20°C. The highest readings in the colorimeter were recorded 

at 0.5-1 minute, after the addition of the reagents to the serum, from which 

time onwards the colour gradually faded with a consequent fall in readings. 

This was most marked in the yellowest serum.

Henry (1964) stated that both direct and indirect bilirubin undergoes 

photo-oxidation or dehydrogenation to biliverdin or some intermediate product 

upon exposure to white light, either artificial or sunlight. It was thought 

that light may have a similar effect on the product of the bilirubin test, 

azobilirubin, when the assay is carried out on sheep serum.

A spectrophotometer (Hilger and Watt Ltd., London) with a 3 cc. cuvette, 

of 1 cm. light path and a photocell in the visible range, was used at 540 mu

to measure this reduction in colour with time. The reagents were added to 
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the serum in the same proportions as in Powell's method. Using a fairly 

yellow serum (from sheep No. 51, 7 weeks post-infection) a reading was taken 

one minute after the addition of the reagents to the serum. The cuvette was 

left in the daylight, in a window, for a further nine minutes and another 

reading taken. This was repeated on the same serum and results are shown in 

Table 3.3. Leaving the curvetter in the spectrophotometer for the ten 

minutes and taking readings at one minute intervals resulted in a lower 

reduction in optical density as can be seen in the same table.

TABLE 3.3

The results of the Bilirubin Assays (Powell, 1944) 

carried out in duplicate on serum from

Sheep No. 51, 7 weeks post-infection

Time in minutes
Reaction in daylight.

Readings of 
optical density

Reaction in the 
spectrophotometer. 

Readings of 
optical density

1 0.064 0.066 0.052 0.082

2 0.050 0.080

3 0.050 0.080

4 0.047 0.078

5 0.047 0.073

6 0.044 0.071

7 0.041 0.067

8 0.039 0.065

9 0.037 0.063

10 0.021 0.029 0.033 0.059

Reduction in 
optical density

0.043 0.037 0.019 0.023

Mean reduction in 
optical density

0.040 0. 021
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The reduction in optical density was nearly twice as much in the reaction 

exposed to daylight, as in the reaction carried out in the spectrophotometer, 

where the only source of light was that from the instrument. It would there

fore seem that azobilirubin produced in this test on sheep serum is unstable 

to light. The bilirubin standard gave a reading of 0.292, so from the mean 

of the one minute readings the bilirubin content of this serum, using the 

spectrophotometer, was 0.90 mg.%. The assay of this same serum using the 

E.E.L. Portable colorimeter reading at 0.5-1 minute was 0.83 mg.%, the 

difference being clearly within the errors of the technique.

In all the bilirubin assays on sera from experiments II and III from 

five weeks post infection, the readings were taken at 0.5-1.0 minutes after 

the addition of the reagents to the sera.

Icteric Index

As the results from the bilirubin assay in experiment I were not used, 

a measure of the yellowness of the serum was made by using the icteric index 

test. The acetone extraction method described by Henry et al. (1953) was 

employed, except that the precipitate was removed by centrifugation. The 

assays were read in a Unicam spectrophotometer (Unicam Instruments, Cambridge) 

at a wavelength of 457 m^i. 

Total Serum Proteins

The total serum proteins were estimated by the method of Henry et al. 

(1957). The assays in experiment I were performed on stored sera but those 

of experiments II and III were on sera tested on the day of collection. 

Assays were read in an E.E.L. Portable colorimeter using an Ilford 625 filter. 

A Versatol Known Protein standard (William R, Warner and Co., Ltd.) was used 

to produce a standard graph and this graph used to convert the colorimeter

readings to grams of protein per 100 ml. serum.
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Electrophoresis

Agar-gel electrophoresis was performed on 3 x 1 inch microscope slides 

on selected sera using the L.K.B. 68OOA - E02 Immunoelectrophoresis Equipment 

(L.K.B. - Produkter AB, Stockholm, Sweden) and the method described in their 

handbook. After some preliminary runs it was found that a standard 200 volts 

and running time of 70 minutes (40 - 50 m.a. depending on the thickness of the 

agar) gave the best results.

The migrated proteins were fixed in 70% ethanol for at least 30 minutes. 

Thiazine red was used to stain the proteins and differentiated with 70%> 

ethanol containing 1% acetic acid (Crowle, 1958). After air drying, the 

slides were scanned and integrated using a Chromoscan (Joyce, Loebl and Co., 

Ltd., Gateshead) - Cam B, aperture 0503, gain 2 and filter 490.

The stained slides were then used to make contact prints on bromide 

paper.

Glutamic Dehydrogenase

Serum glutamic dehydrogenase (G.D.) assays were performed by the method 

described by Ford and Boyd (1962). A Hilger and Watt spectrophotometer, with 

a constant temperature housing, was used to measure enzyme activity. The 

settings for the spectrophotometrewere slit width 12 mm. , wavelength 340 m^i 

and a photocell operating in the ultra-violet range. The assay was carried 

out at a temperature of 25°C, in a 3 ml. cuvette, of 1 cm. light path, with 

15 minutes pre-incubation.

Ford and Boyd plotted the decrease in optical density against time and 

claimed a linear relationship. In fact, as the reaction is reversible and 

proceeds according to the law of mass action (Baldwin, 1959), the rate of 

reaction falls with time as products accumulate. Graph 3.2 shows such a G.D.

assay and the curve is typical of the results obtained.
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GRAPH 3.2
Change in Optical Density with time in a single 
spectrophotometric serum Glutamic Dehydrogenase 
assay.
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Serum from sheep 55, 3 weeks post infection with 

G.D. Activity of 77i.u.
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As a first approximation the loss in optical density between 1 and 6 

minutes after starting the test was expressed as a drop in optical density 

per minute. Ford and Boyd state that a reduction in optical density of 0.001 

-4 on the spectrophotometer is equivalent to the oxidation of 4.83 x 10- moles 

of Diphosphopyridine Nucleotide (It is considered that this must be a 

misprint and that/i moles was intended.). From this, the activity of the 

sera in moles/litre/min. (I.U.'s) could be calculated as 2.415X, where 

X = number of 0.001 divisions drop in optical density per minute.

Glutamic Oxalacetic Transaminase

Serum glutamic oxalacetic transaminase (S.G.O.T.) activity was measured 

by the method of Yatzidis (1960).

Optical densities were determined with an E.E.L. Portable colorimeter 

using an Ilford 623 filter.

A standard graph was produced from known concentrations of pyruvic acid, 

and in agreement with Yatzidis, a linear relationship was found between the 

pyruvic acid concentrations and the colorimeter readings (Graph 3.3)

Yatzidis states that when the activity of the serum is high, the 

determination should be repeated with a sample diluted 1;5 or 1:10 with serum 

saline, the final result being obtained by multiplying by 5 or 10 respectively. 

That is, Yatzidis claims a linear relationship between S.G.O.T. activity in 

the serum and the pyruvate form. However, no difference in activity will be 

detectable in any sera which have an S.G.O.T. activity so high that the reaction 

reaches equilibrium within the 60 minutes incubation time. This was 

confirmed using a serum of high S.G.O.T. activity, which was prepared by 

giving 4 ml. carbon tetrachloride by intraruminal injection to a sheep and 

taking a blood sample two days later. Boyd, (1962) has shown that S.G.O.T.

activity is at its peak at this time. 0.2 ml., each of a range of dilutions 
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of this serum, was assayed by the routine method.

Serum concentrations above 3% all gave colorimeter readings of about 

90; that is, concentrations of from 3% to 100% have S.G.O.T. present in 

sufficient quantities to result in equilibrium of the reaction being reached 

within 60 minutes. Therefore, with such a high activity serum, the 

relationship between serum dilution and S.G.O.T. activity is not linear. 

Even at concentrations of the serum, in which the reaction was not completed 

within the 60 minutes, i.e. below 3% concentration, it was found that the 

relationship was not linear. (See graph 3.4).

Graph 3.4 shows only that part of the curve for serum concentrations 

between 0.1% and 3% and is extrapolated to zero. The activity of the serum 

in terms of maximum rate of reaction was assessed by visually drawing a 

tangent to this activity curve at zero serum concentration; i.e., where the 

activity curve is steepest.

From this graph;-

0.4% serum concentration — 73 colorimeter reading.

= 310yUg/ml. Pyruvic acid - from graph 3.3

Reaction time is one hour

Therefore 0.4% concentration = —— x Ji moles/litre/min. Pyruvic 
o(J ,acid.

58.7/4moles/litre/min.(I.U.s.)

Therefore the activity 
of this serum 1468 I.U.s.

The graph was then re-calibrated and the colorimeter readings, obtained 

when assaying the experimental fascioliasis sera, were read off directly in

international units.
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GRAPH 3.3

GRAPH 3.4
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8. RADIOACTIVE ISOTOPE STUDIES

The anaemia of acute fascioliasis was studied by the simultaneous use

51of the radioactive isotopes, sodium chromate ( Cr) and Di-isopropyl

32
phosphorofluoridate (DF P). Roche et al., (1957) have shown that in man,

51 5^
Cr is suitable for studies on blood loss in the faeces. However, Cr 

rapidly elutes from sheep red cells in vivo (Tucker, 1963) and hence is not 

32 a suitable label for red cell survival curves in this host. However DF P 

is a suitable label for this use, as it binds irreversibly to red blood cells 

in vivo (Eadie et al., I960, and Pollycove et al., 1958).

Setting the Apparatus used for Radioactive Isotope Counting

To study the red cell survival time, and at the same time measure the 

blood loss in the faeces in the same animal, it is necessary to use both 

these isotopes together as a two component mixture (Veall & Vetter, 1958).

This requires the use of counting apparatus such that measurement of either 

isotope is only minimally affected by the presence of the other. This can 

32 »tbe done by measuring DF P, in a Geiger-Muller (G.M.) counter (20th Century 

51Electronics Ltd.), and Cr in a scintillation system (Dacie & Lewis, 1963).

32
The G.M. counter was first set for a standard solution of DF P by taking 

counts at different E.H.T. readings and so locating the plateau (Dacie & Lewis, 

32
1963 ). This same standard was also used to correct for decay in DF P 

throughout the radio-isotope work. For the particular counter used, the 

plateau reading was found to be 325 volts, which was used for all later G.M. 

counts.

Scintillation counting was done by setting the three variables; namely 

E.H.T., discriminator and pulse amplifier gain to optimal levels, such that 

51
the ratio between the square of the count on a standard solution of Cr and 

the background at the same settings was maximal, while the ratio between the 
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same count and a count on the standard solution of DF P at the same settings 

was minimal. An E.H.T. setting of 1200 volts, discriminator setting 4 and 

pre-amplifier setting X200 gave the most favourable result.

The interference between the isotopes was assessed by measuring the

32 51DF P and Cr standard solutions in both counters, at the above settings.

From these figures, using the formula for the measurement of one isotope in

the presence of another, in a two component mixture (Veall & Vetter, 1958),

51 the extent of this interference was thus found to be very slight. For Cr

the ratio for any sample of counts in the scintillator to counts in the G.M.

32 
tube, was 44;1 and the equivalent ratio (G.M. :Scintillator) for the DF P was

369:1. This almost corresponds to the ideal situation specified by Veall &

Vetter, where it makes practically no difference whether the two isotopes are

in separate samples or mixed in the same sample. Accordingly, the counts in

32the G.M. counter were taken to be due solely to DF P, and in the Scintillation 

51counter to Cr. As both isotopes were given at the same time, the reduction 

in the counts due to decay and blood loss would not seriously affect this 

approximation.

At least 10,000 counts per sample were used in order to reduce the 

counting error to below 1% (Faires & Parks, 1960), except at the very end of 

the radio isotope studies where the time taken became excessively long, but 

even then the counts recorded never fell below 5,000.

Injection of the Radioactive Isotopes and Counting

These isotopes were obtained from the Radio Chemical Centre, Amersham. 

32 
DF P

32The three sheep in the experiment were each given 150 /ic of DF P in

1.4 ml. by intramuscular injection. Two days were allowed for labelling the

red cells and then counts were repeated at 1 - 3 day intervals. Whole blood 
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samples were taken, lysed with saponin and 10 ml. aliquots counted in the

G.M. counter. The percentage survival of labelled red cells was calculated 

from the following formulai

Count on P.C.V.o sample count on day t standard count on day 0 100
day t = -- ---------- x ----------------- ---------------------- x -------------------------------------------- x ------ %

P.C.V.-j. sample count on day 0 standard count on day t 1

P.C.V.q = Packed Cell Volume on day 0 (the first day of observations)

P.C.V.^. = Packed Cell Volume on day t.

All counts corrected for background. 

51 Sodium chromate Cr

Each sheep received about 20 ml. autologous red cells labelled with 

51120 pc of Cr by the method of Dacie & Lewis (1963). This was injected into 

each sheep through an intravenous catheter.

Twenty-four hour faecal samples were collected, using a bag and harness 

and compared with the previous day's blood sample, using the method and 

scintillation counter described by Sewell et al. (1968). Counts were 

corrected for background activity and for the activity of normal faeces which 

was found to be two counts per gram when counted for 2x10 secs. The total 

blood loss in the faeces in 24 hours was calculated from the following 

formula :

Total weight of faeces Corrected count on faeces 
—--------------------------------------- x ------------------------------------------------
Weight of faeces counted Corrected previous day's blood count
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CHAPTER FOUR 

DISCUSSION AND DEVELOPMENT OF WICKERHAUSER'S 

MICROPRECIPITIN TEST

"Whole or intact organisms obtained from one of the various stages of 

lifecycle of the parasite, can serve as antigen in immunodiagnostic procedures 

for the detection of the homologous helminthic infection (Anderson 1963).

The first demonstration of the formation of precipitates around a 

metazoan parasite in vitro was by Blacklock et al. (1930) working with the 

larvae of the diptera Cordylobia anthropophaga.

A similar reaction was shown by Sarles (1937, 1938) with larvae of 

Nippostrongylus muris, a nematode parasite of rats, placed in homologous 

immune rat serum. Sarles observed the formation of precipitates at the 

mouth and excretory pore, in the intestines and on the cuticle. Since the 

work of Sarles, many other nematode parasites have been shown to give this 

in vitro reaction viz; Strongyloides ratti (Lawler, 1940); Asca.ris spp. 

(Oliver Gonzalez, 1943; Soulsby, 1957a; Taffs, 1961); the hookworms 

Ancylostoma caninum (Otto, 1940) and Necator americanus (Otto et al. 1942); 

Toxacara canis (Olson, 1960) and Trichinella spiralis (Mauss, 1940; Oliver 

Gonzalez, 1940; Roth, 1941).

Jackson and Lewert (1957), by fluorescent antibody staining, showed that 

the precipitates formed in or about Trichinella spiralis larvae, are a 

specific antibody-antigen reaction. Hogarth-scott (1966) demonstrated the 

same phenomenon with Toxacara sppo, and Taffs and Voller (1962, 1963) with 

Ascaris suum.

Analogous whole organism reactions have been shown in trematodes. 

Papirmeister and Bang (1948) described the development of a precipitate 

around cercariae of Schistosoma mansoni when they were incubated in immune 
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sera from men and monkeys. This was confirmed by Vogel and Minning (1949) 

and Standen (1952), and the pericercarial envelope formed was called a 

Cercarienhullen-Reaktion (C.H.R.) by Vogel and Minning.

It was first thought that the pericercarial envelope was the product of 

an antigen secreted by the cercaria and a serum antibody. However, Smyth 

(1966) states that it now appears that cercariae are enclosed in a closely 

fitted mucous film and it is the antigenic reaction of this film with the 

serum antibody which produces the pericercarial envelope in host antiserum.

Anderson (1963) gives a very good review of the current and potential 

value of the immunodiagnostic tests employing whole organisms in human 

medicine. The whole organism tests used in immunodiagnosis of schisto

somiasis, constitute the majority of procedures used in helminthic 

infections, but Anderson also described tests for trichinosis involving the 

larval precipitin reaction and the use of fluorescent antibodies.

Soulsby (1952, 1957b) studied the action of sheep serum on the miracidia 

of Fasciola hepatica. This worker demonstrated that a thermostable serum 

constituent has a lethal effect on the miracidia but only in the presence of 

the thermolabile components of guinea pig complement. Differences in the 

reactions between infected and uninfected animals were not marked enough to 

permit the use of the test for diagnostic purposes.

Wickerhauser (1961) showed precipitation round the young parasitic 

stage of F. hepatica in immune sera of some mammals. However Smyth (1966) 

states that the mucous film of schistosomes is missing and that antibody

antigen precipitation is weak.

Wikerhauser called this phenomenon a microprecipitin test and showed 

that it was a sensitive and specific test for the immunobiological diagnosis 

of fascioliasis in rabbits and cattle. In fascioliasis in the horse however, 
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the precipitation was poor and non-specific.

It was decided to see whether this test would afford a diagnostic 

procedure for fascioliasis in sheep and, if so, to try to quantify it, so as 

to follow the development of the serological response to experimental infection.

The name, microprecipitin, used by Wikerhauser, is usually understood 

to refer to agar-gel double diffusion using small amounts of reagents. For 

this reason, a better name for Wikerhauser's test might be "juvenile fluke 

precipitin test, (J.F.P. test) and this name is used for the test hereafter.

Juvenile Fluke Precipitin Test

Juvenile flukes for this work were obtained from the metacercariae of 

F, hepatica by in vitro excystation, using a method derived from Wikerhauser 

(1960). Using this modified method (Purvis and Sewell, 1967), juvenile 

flukes could easily be excysted in large numbers for the J.F.P. tests. 

Effect of immune sheep serum on juvenile F. hepatica

Immune serum was obtained from a sheep 18 weeks after infection with 

2,500 metacercariae of F. hepatica and normal serum from a sheep from a farm 

known to have no fascioliasis. Bothethese sera were collected aseptically 

and stored at —20 C until needed. 1 ml. amounts of the sera were placed in 

the hollows of a perspex haemagglutination plate and one juvenile fluke was 

added to each hollow using a pasteur pipette. The plate was covered and 

incubated at 37°C.

When examined six hours later, precipitation was seen around the flukes 

in the immune sheep serum but not around the flukes in the normal serum. 

This precipitation was much thicker at 18 hours. Wikerhauser reported the 

first appearance of precipitation in immune rabbit serum after 10 hours and 

stated that it was clearly visible between 16 and 18 hours.

This immune serum, shown to be positive in this test, was denoted as 



49

standard sheep A. serum (S.S.A. serum) in later work.

Titration of immune sheep serum

The amount of precipitation around juvenile flukes in immune sheep serum, 

increased between 6 and 18 hours. It was decided to observe the development 

of the precipitation and to titrate S.S.A. serum using Tyrode's solution as a 

diluent. Wikerhauser (1960) has shown that juvenile flukes will survive up 

to 42 hours in Tyrode's solution.

The immune serum was titrated by placing 1 ml. amounts of each dilution 

in each of three hollows of a haemagglutination plate and one juvenile fluke 

was added to each. Negative serum and Tyrode’s solution were each used as 

controls. The plates were incubated as before. The results are presented 

in table 4.1, in which the degree of precipitation has been assessed and 

indicated by crosses. The degree of precipitation represented by a given 

number of crosses is indicated in the table.
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TABLE 4.1

Titration of S.S.A. serum using the J.F.P. test

% S.S.A. serum 
in tyrode solution

Time of incubation in hours 
123456 7 9 18

100 % + + ++ ++ ++ ++ ++ +++ 

+ + + ++ ++ +++ ++++ 

+ + + + ++ ++ ++++

75 % 4- 4-4- 4-4- 4-4- 4-4-4- 4-4-4-4-

4-4- 4-4- 4-4-4- ++++

+ 4“ 4-4- +4- 4-4-4- 4-4-4- 4--I-4-4-

50 % 4-4- 4-4- 4-4- 4-4-4- 4-+4-4- 4-4-4-4-

4- 4- 4-4- 4-4- +4- ++ 4-4- 4- 4-4-4-

4-4- 4-4- 4-4-4- 4-4-4- 4-4-4-4- 4-4-4-4-

25 % + + ++ ++ ++ ++ ++ +++ 

+ + ++ ++ ++ ++ ++ +++ 

+ ++ ++ ++ ++ ++ ++

10 % ++ ++ ++ ++

+ ++ ++ ++ 

++ ++ ++ +++

5 % 4- 4-

+ 4- 4-

4-4- 4-4-4- 4-

2 % ++

+ ++

+

1 %

Tyrode control and negative serum control both negative at all times. 
Titration performed in triplicate.

+ Precipitate at mouth of fluke (plate 4.1) 
++ More precipitate at mouth and precipitate on epidermis

Assessment (plate 4.2)
of amount of +++ Large accumulation on epidermis (plate 4.3) 
precipitation ++++ So much accumulation on epidermis that it may separate 

and appear as a trail to the fluke (plate 4.4)
The absence of a symbol indicates a negative reaction 

(plate 4.6)
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Using a binocular microscope with x 50 magnification, the flukes were 

observed at hourly intervals until nine hours and then again after 18 hours.

Precipitation was first noticed after two hours at the mouth of the 

flukes (Plate 4.1). There was a progressive accumulation at the mouth and 

the appearance of precipitate on the epidermis (Plate 4.5). The 

precipitate on the epidermis accumulated (Plate 4.2) to such an extent that 

it could be separated by the activity of the fluke and sometimes appeared to 

trail behind (Plates4.3 and 4.4). Occasionally bubbles were seen (Plate 4.7) 

similar to those seen by Roth (1945) in Trichinella spiralis larvae incubated 

in immune serum.
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Plate 4.1. Precipitation at 
the mouth of a Juvenile Fluke. 
Magnification approximately 
x 200.

Plate 4.2. Precipitation on 
the epidermis of a Juvenile 
Fluke.
Magnification approximately 
x 200.

Plate 4.3. Massive accumulation of precipitate on 
the epidermis of a Juvenile Fluke.
Magnification approximately x 200.
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Plate 4.4. Precipitate around a Juvenile 
Fluke some of which has separated to form 
a "tail".
Magnification approximately x 200.

Plate 4.5. Early precipitation 
on the epidermis of a Juvenile 
Fluke. Mouth precipitation was 
lost during handling for this 
photograph.
Magnification approximately 
x 200

Plate 4.6. Juvenile Fluke 
with a negative reaction to 
the J.F.P. test.
Magnification approximately 
x 200
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Plate 4.7. Bubbles and 
precipitation on the 
epidermis of a Juvenile 
Fluke.
Magnification approximately 
x 200.

Although precipitation was first noticed after two hours in some sera, 

dilution of the serum delayed its appearance and 2% was the highest serum 

dilution that gave any noticeable precipitation after 18 hours. It therefore 

appeared possible to titrate the serum in this manner.

During the observations, it was noted that flukes in fluid containing 

more than 25% serum, were more active than those where the fluid contained 

less serum. As the amount of precipitation appeared to be to some extent 

determined by the activity of flukes, this effect was made relatively 

constant, by carrying out the titration with a diluent containing negative 

serum so that all mixtures included standard total amounts of serum. It 

was found more convenient to use 20% serum as this standard amount.

S.S. A. serum was then titrated again and compared to another serum 

(S.S.B.) obtained nine weeks after infecting a sheep with 11,000 metacercariae 

(table 4.2).
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TABLE 4,2

Titration of S.S.A. and S.S.B. sera in duplicate 

using negative serum to a constant serum concentration 

of 20% in Tyrode's solution

Control Tyrode's solution plus 20% negative serum (titrating fluid).

Assessment of amount precipitation as in table 4.1.

Sera Titre of the serum

1:5 1:10 1:20 1:40 1:80 1:160 l;320 Control

S.S.A. ++++ +++ ++ + :
++++ ++ ++ +

S.S.B. ++++ ++++ +++ +
++++ ++++ ++ + +

The end-point used for the titration was the highest dilution of serum 

producing noticeable precipitation (plate 4.1) using a binocular microscope 

with x50 magnification. Using this criterion it will be seen from table 4.2 

that S.S.A. serum has a titre of 1:40 and S.S.B. a titre of 1:80. 

Factors affecting the J.F.P, test 

1. Volume of fluid used for each fluke

It was thought necessary to duplicate the tests for accuracy and in 

case a fluke died. Two flukes used together in 1 ml. of fluid gave the same 

titre as table 4.2.

However, 1 ml. amounts do not conveniently fit into the hollows of the 

perspex haemagglutination plates, so the test was repeated with two flukes in 

an 0.5 ml. of fluid. The results are shown in table 4.3.
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TABLE 4,3

Titration of S.S.A. and S.S.B. sera in duplicate 

using two juvenile flukes in 0.5 ml. volumes of the dilutions

Sera
Titre of the serum

1:5 1:10 1:20 l;40 1:80 Control

S.S.A. ++++ +++ +
++++ ++ +

++ ++ +
++++ +++ +

S.S.B. ++++ +++ +
++++ f-d

++++ ++
++++ ++++ +

Control - Tyrodebsolution plus 20% negative serum 
(titrating fluid).

Assessment of amount of precipitation as in 
table 4.1. 
fluke dead.

These titres were not as high as in table 4.2 and many of the flukes 

were sluggish and dark in appearance although only one fluke died within 

18 hours.

Using one fluke in 0.5 mj.. amounts of fluid, the same titres were 

obtained as in table 4.2, and so these quantities were used as standard.

2. Times of reading the test

Wikerhauser (1961), states that there is only a slight increase in 

precipitation after 18 hours, using immune rabbit serum. This was confirmed 

using sheep serum and 16 to 18 hours was used as the standard reading time. 

This also proved convenient as the test could be set up late in the day and 

read the next morning.
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3. Activity of the flukes

Wien reading the tests, any flukes that were not active were probed 

because small amounts of precipitation were seen more easily when the fluke 

was moving.

4. Bacterial growth

Wikerhauser (1961), used a sterile technique and stated that light 

bacterial growth, although not preventing the formation of precipitates, did 

interfere with the accurate reading of the result. Using aseptically 

collected fresh serum, or similar serum that had been stored at -20° C and 

freshly made up Tyrode's solution, little difficulty was caused by bacterial 

growth. However, when a serum was at all contaminated, bacterial growth 

made the detection of the end-point very difficult. It was desirable to 

reduce the amount of contamination to such a level, that in the 18 hours 

incubation, antibiotics would prevent multiplication of the bacteria. Paul 

(1965) recommends the use of penicillin and streptomycin, each at the rate 

of 0.5 g./litre, to control bacterial growth in tissue cultures. Wen these 

antibiotics, at the same rate, were added to the diluent, no adverse effect 

on the flukes was seen and lightly contaminated sera could be tested.

However, by passing sera through a millipore filter (Filter Corp. Bedford, 

Mass. U.S.A.) and using antibiotics as a bacteriostatic agent, even heavily 

contaminated sera can be tested (Sewell, 1968).

5. Handling the juvenile flukes

The flukes often adhered to the excysting dishes and to the inside of 

the pasteur pipette used for transferring them to the haemagglutination 

plates and were therefore difficult to handle.

It was therefore decided to treat the watch-glasses used for excysting 

and the pasteur pipette with silicone (Repelcote, Hopkins and Williams).
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This was done the previous day and the siliconed glassware allowed to dry 

overnight in an oven.

No adverse effects on the juvenile flukes were noticed. Only a very 

few flukes stuck to the siliconed glass and they could easily be removed with 

a jet of Tyrode's solution.

6. Evaporation 

o 
Using 37 C for incubation resulted in eyaportation of the fluids if the 

plates were not covered. Even when covered, some fluid still evaporated 

from the hollows near the edges of the plates.

This was prevented by stacking the plates, with a beaker of water, in a 

tin with a tightly fitting lid. 

o 7. Heating the serum to 56 C

Heating S.S.A. seru# to 56°C for 30 minutes had no effect on the amount 

of precipitate formed or the end-point of the titration. This confirms the 

findings of Wikerhauser (1961), that complement plays no part in the formation 

of the precipitate, 

o 8. Storage of sera at -20 C

During the course of experiment II and III, four serum samples were 

o 
titrated when fresh and after seven weeks storage, at -20 C. All sera were 

identified by code numbers to avoid subjective bias. There was no change in 

the titres of the sera.

Storage of juvenile flukes at 4°C and their use in the J.F.P. test

It was found that juvenile flukes, in Tyrode’s solution plus anti- 

o
biotics, could be kept alive in a refrigerator at 4 C for up to eight days 

(table 4.4). The numbers of flukes indicated in table 4.4 were kept in 

containers with about 2 ml. amounts of Tyrode's solution with the standard 

concentration of antibiotics.
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Mortality of Juvenile Flukes kept at 4 C

TABLE 4,4

Days at 4°C 1 2 3 4 5 7 8 9

Container 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

No. of flukes 16 17 18 10 46 33 15 21 30 11 51 21 15 30 25 21 15

Dead flukes 0 0 O 0 9 14 3 3 10 7 24 17 13 30 25 21 15

Mean percent 
Mortality 0 0 0 29 30 47 91 100

Containers were watchglasses with 2 ml. Tyrode's solution plus antibiotics

Deaths occurred after three days and a rapid mortality was noticed 

after seven days. After nine days at 4°C the mortality was 100 %.

Table 4.5 shows the titration of S.S.B. serum at 37°C using flukes 

o 
previously stored at 4 C.

TABLE 4,5

Titration of S.S.B. serum in duplicate using Juvenile Flukes

stored at 4°C in Tyrode's solution plus antibiotics

Titre of serum

1:5 1:10 l;2O 1:40 1:80 Control

Freshly excysted 
flukes

++++ 4-4-4- 4-4-4-

4—F++ 4-4- 4- 4- 4-

1 day ++++ ++++ ++ ++ +

++++ ++++ ++ + +

Flukes 
stored

2 days +++ . + + +

++++ +++ + + +

at 4°C 3 days ++ + + + +

++++ +++ + + +

1
5 days 4—|—}- +++ 4-4- 4’

4—1-4-4- 4—F 4- 4-4- 4" 4*

Control - Tyrode's solution plus 20% negative serum plus antibiotics 
(titrating fluid).

Assessment of amount of precipitation as in table 4.1.
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The flukes kept at 4°C up to five days gave the same titre for S.S.B. 

serum as the recently excysted flukes. Therefore flukes stored at 4°C for

up to five days can probably be used for the J.F.P. test, although this needs 

more investigation.

Storage of juvenile flukes at ~20°C

A number of flukes were exposed to a temperature of -20°C for 24 hours 

which resulted in 100% mortality.

Precipitation on the epidermis of Juvenile F, hepatica

Lee (1966) states that electron microscopy studies have shown that the 

outer covering of digenetic trematodes is a living cytoplasmic layer, an 

epidermis, rather than a non-living cuticle. This epidermis is often 

penetrated by ducts of gland cells which lie beneath it.

Pantelouris and Gresson (1960) have shown that radio-active iron, 

injected into the mouth of F, hepatica, eventually reappears in the epidermis 

and they suggest that this region is involved in excretion and/or secretion.

In histochemical studies,by Pantelouris (1965), the external membrane 

of F. hepatica gave the reaction of a protein with no polysaccharide. 

However, he asserted that, the coagula often found on the surface of the worm 

are acid mucopolysaccharide and inferred that granules of polysaccharide are 

excreted on to the surface through pores in the epidermis and become acid, 

once on the surface.

The findings of all the above workers indicate that the epidermis of 

F. hepatica is probably involved in excretion and/or secretion and it is 

probably from this, that the antigen involved in the precipitation on the 

epidermis is derived in immune serum. Even flukes placed in Tyrode's plus 

negative serum as negative controls for the J.F.P. test show tiny blebs on 

the epidermis (plate 4.6). These are possibly excretions and/or secretions 
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but do not interfere with the reading of the J.F.P. test because they are not 

observed at x50 magnification with a binocular microscope.

A fluke killed and fixed in 10% formal saline for two hours and then 

incubated in 20% S.S.A. serum, did not show precipitation on the epidermis 

(plate 4.8). With a live fluke, a large accumulation of precipitate results

Plate 4.8. Juvenile Fluke, 
treated with 10% Formal 
Saline and incubated in 20% 
S.S.A. serum, showing no 
precipitation.
Magnification approximately 
x 200.

(plate 4O4), this being the positive control used for the J.F.P. tests.

This further suggests that in this precipitation on the epidermis of 

live flukes in immune serum, it is excretions and/or secretions, which are 

reacting with antibody in the serum rather than the epidermis itself.

Summary of the quantitative J.F.P. test method

Unknown sera were titrated in Tyrode's solution plus 20% negative serum 

and 0.5 gm./litre each of penicillin and streptomycin, fey doubling dilutions 
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from 1;5 to l;320 and in some cases, a 1;2 dilution was used as well. The 

negative serum was obtained mostly from one sheep which was negative to the 

J.F.P. test.

Each serum was titrated in duplicate. One fluke was added to each 

0,5 ml. amount of the dilutions in the perspex haemagglutination plate hollows. 

A row of negative controls (Tyrode's solution with 20% negative serum) and two 

positive controls (1;5 dilution of S.S.A. serum) per five serum assays were 

included on each plate, 

o
The metacercariae were excysted and the test incubated at 37 C but the 

flukes were transferred to the test dilutions and the result was read at room 

temperature.

The tests were read at between 16 and 18 hours and the titre of the 

sera expressed as the highest dilution of serum giving noticeable precipitation 

at x 50 magnification.

Application and some results of the J.F.P. test

The results of the titrations of the sera from experiments I, II and III 

on the pathogenesis of acute fascioliasis in sheep are given in chapter five.

The results of the titration of sera from sheep with low burdens of

F. hepatica are shown in table 4.6.

TABLE 4.6

Titres in J.F.P. assays on sera from sheep affected

with Chronic Fascioliasis

Fluke burden Preinfection 2 4
Weeks post infection 
6 9 12 16 20 24 28

44 NR 5 10 20 10 10 5 2 2 2

84 NR 10 40 20 20 20 20 20 5 5

157 NR 10 20 40 40 20 20 20 20 10

365 NR 20 20 40 20 40 10 10 5 10

NR = no reaction



63

It will be seen that all sheep were positive by two weeks after infection and 

peak titres occurred at between 6 and 12 weeks, after which there was a 

gradual fall in titre although precipitation was still evident even 28 weeks 

after infection.

While in Uganda, in 1966, on an Edinburgh University Veterinary 

Expedition, the author studied the reactions of some cattle sera, using agar

gel double diffusion and a saline extract of Fasciola gigantica as antigen 

(Pullan and Kimber, 1966). Eleven sera, positive to this test, were brought

back to Edinburgh and 10 out of 11 showed a positive reaction to the J.F.P. 

test using Juvenile F. hepatica at a 1;2 dilution, pointing to a cross 

reaction between F. hepatica and F. gigantica as found by Sewell (1961 and 

1964).

On the same expedition a sitatunga (Tragelaphus spekei, Sclater) was 

shot and found to be infected with Fasciola tragelaphi (Pullan et al., 1968). 

Serum from this animal also proved to be positive to the J.F.P. test using a 

1:2 dilution and Juvenile F. hepatica as antigen. There thus appears to be 

a cross reaction between F. tragelaphi and F. hepatica. 

Discussion of the test

Anderson (1963) states the advantages of whole organism tests are 

simplicity and uniqueness and the disadvantages, lack of flexibility and in 

some instances, the requirement of a living organism.

The J.F.P. test is simple, although how specific it is in sheep is yet 

to be ascertained. Soluble antigen techniques (e.g. complement fixation and 

agar-gel precipitation) require rather complex antigen preparation but have 

the advantage of flexibility in that the antigens can be purified or 

fractionated. The requirement for a living organism limits the technique to 

those laboratories which maintain the intermediate host Lymnaea truncatula 
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but increased knowledge of the storage of viable metacercariae may make these 

more readily available.



65

CHAPTER FIVE 

PATHOGENESIS OF ACUTE FASCIOLIASIS IN SHEEP 

The pathogenesis of acute fascioliasis in sheep was studied in the 

course of three experiments. The results of the first experiment led to the 

designs of experiments II and III, which were run concurrently.

Cheviot wethers, about six months old,were obtained for the first two 

experiments from a farm with no history of fascioliasis. Mr. P.J. Treeby 

of Robert Young and Co., Ltd., Brampton, kindly provided the animals for 

experiment III. These were four month old Swaledale-Blackface cross sheep 

from an area said to be free of fascioliasis. However, the faeces of all

animals were checked by D.D.C.F. for fluke eggs at the start of the 

experiments.

The sheep were taken into indoor pens and treated to remove nematode 

parasites with Thiabendazole (Merck, Sharp-Dohme) at 1OO mg. per kilogram 

body weight. This was repeated after 10 days, the second dose being given 

about a week before the first pre-infection samples were taken for 

haematological examination.

The sheep were kept in pens with concrete floors. In experiment II, 

the concrete was sealed to prevent the retention of radio-active materials. 

Wood shavings were used for bedding and the pens were initially cleaned out 

weekly, however, because of the appearance of a small number of strongyle 

eggs in the faeces of the sheep early in experiment I, cleaning was done 

twice weekly.

During the experiments all animals were given a ration of I to lbs. 

of concentrates daily, consisting of a 1;4 mixture of cattle and sheep 

protein concentrate pellets (Scottish Agricultural Industries) and barley.

Hay and water were provided ad. lib.
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In each experiment the animals to be infected were selected at random. 

EXPERIMENT I

Four sheep (41, 42, 44 and 45) were infected with 11,000 metacercariae 

of F. hepatica each and two sheep (43 and 46) were used as controls. 

Results

All results shown in graph form are also given in the appendix tables. 

Clinical signs and weight gain

Up to five weeks after infection there were no clinical signs to 

distinguish the infected animals from the controls; however at this stage 

sheep 41 and 44 appeared a little listless and the conjunctiva of sheep 44 

was a little paler than normal. Patches of wool began falling out from 

sheep 41 and 42.

Six weeks after infection, sheep 44 had partial inappetence, and only 

a small amount of faeces in the rectum. Its conjunctiva was slightly 

jaundiced. From six to eight weeks, sheep 41 and 42 were showing partial 

inappetance and were rather listless. Sheep 44 showed increasing jaundice 

of the conjunctiva but never at any stage became intensely yellow.

Between eight and nine weeks after infection, sheep 42 ate very little 

and was listless. Plate 5.1 shows sheep 42 at nine weeks after infection 

compared with control 43. Sheep 41 was a little listless but still eating. 

Infected sheep 45 and control animals 43 and 46 ate well and were bright 

throughout the experiment.
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Plate 5O1. Condition of sheep 42 and sheep 43

Sheep 42
9 weeks after 
infection

Sheep 43 
control
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TABLE 5.1 
k.

Changes in weights of sheep from Experiment I 

expressed in pounds

Sheep 
No.

Initial 
weight 3

Change

4 5

in weight

6 7

at weeks

8 9 10 11 12 13 14

41 90 +7 +4 -8 -12 -11 -6 -11 -18 -25 -23 -24 ^28

42 93 +5 -2 -1 -13 -17 -13 -24

43 90 +8 +4 +3 +4 + 1 +6 +1 -4 +2 +1

44 82 +5 +3 -4 -8 -9 -13

45 88 + 10 +4 +8 +6 +4 +8 +6 +3 +2 -4 -5 -12

46 80 +7 +6 +4 +8 -4 0 0 +2 +1 +7

The weight gains of the sheep are shown in table 5.1. Although there 

were no observations from before infection until three weeks after, all the 

infected animals had gained weight at about the same rate as the controls. 

From that time, all the infected animals gradually lost weight, except sheep 

45 which did not begin losing weight until after 10 weeks. The two control 

animals gained, or maintained their weight, throughout the experiment. 

Faecal examination

The faeces of the experimental sheep were examined weekly by D.D.C.F. 

Insignificant numbers of coccidia, Trichurls and Strongyloides eggs were 

detected during the experiment. A few strongyle eggs appeared early in the 

experiment and 30 - 40 eggs were detected on single flotation at times but 

at post-mortem examination the worms were not present in numbers of any 

pathological significance.

F. hepatica eggs were only seen in the faeces of two sheep, being first 

detected between 11 and 12 weeks after infection in sheep 45 and between
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GRAPH 5.1

PACKED CELL VOLUME

WEEKS POST-INFECTION
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12 and 13 weeks in sheep 41.

Haemotology

The haemotological examinations were carried out at weekly intervals and 

the results are shown in Appendix table 1. P.C.V., haemoglobin concentration

and red blood cell counts all show similar trends in all infected sheep; 

P.C.V. has been taken as representative of these and the results are shown in 

graph 5.1.

All the infected animals showed a drop in P.C.V. beginning three to five 

weeks after infection except sheep 44. This animal showed a gradual drop in 

P.C.V. from the time of infection until six weeks and thereafter there was a 

steeper drop until death, at Just over eight weeks. Sheep 42 showed a steep 

drop from eight weeks, until death at just over nine weeks.

The values for mean corpuscular volume (M.C.V.), mean corpuscular 

haemoglobin (M.C.H.) and mean corpuscular haemoglobin concentration (M.C.H.C.) 

showed no significant changes as a result of the infections. Only sheep 44 

showed any immature red blood cells - there were a few punctate basophils and 

a little polychromasia in a blood film taken the day before death.

The white blood cell results are shown in table 5.2. From the first to 

the third week after infection, there was a temporary neutropenia but by the 

fourth week, the neutrophil counts had returned to pre-infection levels.

There was a small increase in total white cell counts in all the sheep, which 

could be largely accounted for by the increase in eosinophil counts.

Graphs 5.2a and b. show the changes in the absolute eosinophil counts. 

These were maximal in sheep 42 and 44 at 3—4 weeks after infection and fell 

off slightly afterwards, whereas sheep 41 and 45 did not show their peak level 

until 10 - 13 weeks. The eosinophil count of sheep 41 fell almost to normal

at 14 weeks.
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TABLE 5.2
White blood cell counts

SHEEP 
No.

PREINFECTION —
WEEKS POST INFECTION

1 2 3 4 5 7 8 9 10 11 12 13 14

41 Total White Cells 4500 4700 3800 5800 6800 7300 5200 7500 5100 7200 7400 8600 5900 7600 6700

Neutrophils 
Eosinophils 
Basophils 
Lymphocytes 
Monocytes

923
337

3150
90

1645
70
24

2891
70

893
418

2413
76

667 
1102

3944
87

1088
1496

68
4080

68

1460
1606

36
4089

109

728 
1742

2678
52

1425
1538

4425
112

1224
1122

2678
76

1080 
1980

4032
108

962 
2997

3330
111

1720
2580

172
3956

172

1150 
1504

3127
119

1368 
2242

3914
76

862
1483

34
4450

69

42 Total White Cells 6600 6500 3900 6900 6300 9900 6900 11800 11300 9300

Neutrophils 
Eosinophils

1452
330

1690
130

800
370

897
897

1166
1575

1237
3316

2212
1932

3009
3717

2657
3785

1675
2836

46
Basophils 
Lymphocytes 
Monocytes

4652
66

4517
163

2652
58

5003
103

3465
94

5199
148

2587
69

4956
118

4689
169

4557
186

43 Total White Cells 7000 6000 5100 7600 4500 6700 6100 5600 4600 5300 6200 5400 4400 5400

Neutrophils 
Eosinophils

1785
245

1620
270

816
178

1862
304

922
360

838
804

1495
485

1316
588

966
230

901
318

1302
186

1026
459

968
352

1053
297

Basophils 
Lymphocytes 
Monocytes

4960
140

3990
120

4029
77

5244
190

3150
68

4958
67

3965
155

3584
112

3335
69

4028
53

4588
124

3834
81

2992
88

3969
81

44 Total White Cells 7400 4600 5800 7500 7000 9700 7000 6600 5700

Neutrophils 
Eosinophils

2442
555

1518
69

1247
754

600
2775

420
1505

1503
3395

1260
2625

1452
2211

1226
1710

28
Basophils 
Lymphocytes 
Monocytes

24
4292

111
2898

115
3712

87
4050

75
5005

70
4656

146
3045

70
2673

264
2650

86

45 Total White Cells 4500 4200 4600 4400 6200 6800 7500 9900 7500 6600 10300 8000 6200 8500 6100

Neutrophils 
Eosinophils

585
180

1407
168

874
368

792
726

1364
1550

850
2244

1200
2062

1683
3317

1125
2850

891
2772

1030
4120

1560
2480

1178
2015

1615
3102

945
2471

Basophils 
Lymphocytes 
Monocytes

3623
112

2562
63

3266
92

2816
66

3162
62

3604
102

4013
225

4702
198

3412
113

2838
99

4995
155

3880
80

2914
93

3613
170

2592
92

46 Total White Cells 6500 8500 7600 7700 8000 8100 7700 8900 9500 8200 10200 5100 7500 7300

Neutrophils 
Eosinophils

943
227

2210
170

1178
343

1271
346

1960
360

1661
324

1155
500

1513
667

1235
665

1394
451

1989
663

1147
281

1687
300

1168
438

Basophils 
Lymphocytes 
Monocytes

5167
163

5950
170

76 
5889

114
6006

77
5600

80
5994

121
5929

116
6675

45
7505

95
6232

123
7446

102
3596

76
5400

113
5631

73

All results expressed In numbers of cells per cubic millimeter of blood. 

No observation six weeks post infection.
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Red cell fragility tests

The results of the osmotic fragility studies on the red blood cells of 

sheep 41, 43, 45 and 46, at a single occasion 13 weeks after infection, are 

shown in table 5.3. The red blood cells of the infected sheep showed an 

increased fragility but the significance of this cannot be determined by a 

single observation.

TABLE 5.3

Osmotic fragility tests on the red cells of four sheep 

in Experiment I expressed as Percent Haemolysis

Sheep 
No. 0.2 0.3

Percent sodium chloride

0.85

percent sod. 
chloride for 

50 % Haem.0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

41 100 1OO 100 100 100 1OO 92 63 51 7 1 0 0.67

43 100 1OO 100 100 1OO 1OO 100 80 33 4 0 0 ! 0.64

45 100 100 100 100 100 1O0 100 100 95 56 14 0 0.72

46 100 1OO 100 100 100 1OO 95 78 26 5 1 0 0.65

The mechanical fragility of the red blood cells of sheep 41, 43, 45 and 

46, determined on a single occasion at 10 weeks after infection, showed no 

difference between infected and control animals.

Cold Haemagglutination

As can be seen from table 5.4 there is an increase in the cold haemag

glutinin titre in the infected animals. While the titre of the control 

animals (43 and 46) did not rise over 1:4, those of the infected animals 

(41 and 45) reached 1;64 by 4-5 weeks after infection.
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TABLE 5.4

Cold haemagglutinin titre of sera from four sheep in Experiment I

Sheep 
No.

..
Pre-infection

1 2

Weeks

3 4

post

5

infection

6 7 8 9

1
10

41 8 16 8 16 16 16 64 16 64 16 16 64

43 4 NR NR NR NR 2 2 NR 4 4 4 NR

45 4 2 4 4 16 64 64 16 32 16 32 32

46 4 NR 2 2 2 2 4 2 4 4 2 2

10 week post infection autologous red cells used.

NR is no reaction.

Bromsulphthalein (B.S.P.) dye excretion test

The B S.P. dye excretion test results are shown in appendix table II. 

These results have not been put in the text because of the large variations 

in the values for the controls. This variation may have been caused by 

leakage of dye round the vein during injection, as was indicated in 

chapter three and it is thought that this leakage was probably occurring in 

the infected animals as well. However there was a significant increase in 

the half-clearance times in infected animals 41, 42 and 44 four weeks after 

infection, which were longer than any recorded from the controls and this 

increase was maintained throughout the experiment.

Occult blood

The tests for occult blood, first carried out nine weeks after infection 

showed a weak positive reaction with infected sheep 41 and 45. By 10 weeks, 

sheep 41 gave a strong positive reaction but sheep 45, was negative. By

11 weeks after infection sheep 41 and 45 both gave a strong positive reaction. 

The control animals 43 and 46 gave negative results when they were tested at 

the same times as the infected animals.
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Post-mortem examinations

Many of the results of the post-mortem examinations are shown in table

5.5. The following is a description of the pathological findings.

TABLE 5.5

Some post-mortem details of Experiment I

41 42 43 44 45 46

Weight of liver 
in grams.

1200 1015 475 908 1005 421

Total number of 
flukes

1030 497 1422 700

Therefore fluke % 9% 5% 13% 6%

Number in abdominal 
cavity

73

Mean length (mm) 2.8

Range (mm) 1—6

Liver mean length 12 6.8 3.5 12.6

Range (mm) 8-18 2-14 1-8 8-17

Ascitic fluid (ml) 40 2250 2200 1500

Equivalent amount 
of blood

90 1000

Sheep 44

This sheep was found dead on the morning of 57th day after infection. 

The day previously, although a little listless, it was walking about and 

still eating. Death was sudden and unexpected.

There was a moderate amount of sub-cutaneous fat which was slightly 

yellow in colour.

When the abdominal cavity was opened the omental fat was seen to be a 

darker yellow than the sub-cutaneous fat and there was dark red ascitic fluid

present (Plate 5.2).
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The liver was enlarged and had a greyish-red mottled appearance with 

haemorrhagic plaques (Plate 5.4). The greyish appearance was due mostly to a 

fibrinous peritonitis over the whole surface, although it was more profuse over 

the visceral surface of the left lobe. The peritonitis extended on to the 

ventral peritoneal wall. The hepatic lymph nodes were enlarged and congested 

(Plate 5.4).

Bile of normal colour was present in a full gall bladder and no liver 

flukes were found here or in the main bile duct.

The liver was soft, turgid and friable to touch and broke up very 

easily when the flukes were extracted.

There was 2,200 ml. of serosanguinous fluid in the peritoneal cavity. 

By estimating the amount of haemoglobin present and comparing it with the 

value for the haemoglobin in the blood of the previous day, the ascitic fluid 

was found to contain the equivalent of about 1,000 ml. of blood.

There was about 50 ml. of serosanguinous fluid in the right pleural 

cavity and about 20 ml. in the left. The tips of the apical and cardiac 

lobes of the right lung were consolidated for about 4 cm. dorsally and to a 

lesser extent the tip of the cardiac lobe of the left lung was consolidated. 

No other visible lesions were present. Erythropoietic activity in the red 

marrow is shown in plate 5.6.

On examination of the gastro-intestinal tract, seven Bunostomum (all 

females) were found in the small intestine.

Sheep 42

This animal had not been eating for a few days, was listless and its 

P.C.V. had dropped rapidly to 18% (see graph 5.1) by 65 days after infection. 

As sheep 44 had died when its P.C.V. was 17%, it was thought that this animal 

might also die suddenly and so it was humanely destroyed to avoid post-mortem 
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degenerative effects.

There was a moderate amount of sub-cutaneous fat of a normal colour. 

Unlike sheep 44, the omental fat was normal in colour but the peritoneal 

cavity of this animal also contained serosanguinous ascitic fluid.

The liver was enlarged and had a fibrinous peritonitis over the whole 

surface, especially on the visceral side of the left lobe. As with sheep 44, 

this animal had an area of peritonitis on the ventral peritoneal wall extending 

back from the posterior edge of the left lobe. The liver was greyish-red in 

colour with very few haemorrhagic plaques but many haemorrhagic tracts, 

especially on the parietal surface (Plate 5.3).

The hepatic lymph nodes were enlarged and congested. The gall bladder 

was full and on being opened revealed what appeared to be blood clots and 

dark, red bile. Occult blood tests on this bile were strongly positive.

There were two flukes in the main bile duct and on slicing the liver, 

many flukes appeared to be in the small bile ducts. Although the liver tissue 

was not quite as soft and turgid as 44, it broke up easily to enable the 

flukes to be extracted.

This animal had about 2,250 ml. of sero-sanguinous ascitic fluid which 

contained the equivalent of 90 ml. of blood from an estimation of the 

haemoglobin concentration. Erythropoietic activity was similar to sheep 44.

All other internal organs were normal.

As the liver contained only 497 flukes, which represented a 5% take, it 

was thought that all the flukes might not have been extracted. About 10 

grams of liver, that had been extracted for flukes in the usual way, were 

carefully dissected with a needle under a stereoscope but no further flukes 

were found.

Two female Bunostomum were found in the small intestines.



78

Plate 5.2. Peritoneal cavity of sheep 44 opened to show 
ascitic fluid.

Plate 5.3. Liver of sheep 42 showing haemorrhagic tracts on 
parietal surface.
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Sheep 41

At 14 weeks after infection^ the experiment was terminated. Both 

remaining infected sheep, 41 and 45, were passing fluke eggs in their faeces 

and so had passed into the chronic phase of fascioliasis.

The post-mortem examination of sheep 41 revealed a moderate amount of 

sub-cutaneous fat of normal colour. There was only 40 cc. of straw-coloured 

ascitic fluid in the peritoneal cavity and the liver, although enlarged and 

heavier than in sheep 44 (Table 5.5) had a shrunken appearance compared with 

sheep 44. It had a yellowish-white, mottled appearance, with a few haemor

rhagic tracts. The left lobe had larger areas of white fibrosis than the 

rest of the liver. The liver felt very firm and on cutting the surface, 

showed a white marbled appearance.

The main bile duct was thickened and contained adult flukes. In the 

gall bladder, blackish-green bile was found with granular material. The 

hepatic lymph nodes were enlarged but not as congested as those of sheep 44 

and 42.

All other internal organs were normal.

The gastro-intestinal tract contained three specimens of Haemonchus 

contortus and one of Oesophagostomum venulosum.

Erythropoietic activity was greater than that found in sheep 44 

(Plate 5.6).

Sheep 45

Post-mortem examination of sheep 45, 14 weeks after infection, showed a 

moderate amount of sub-cutaneous fat of normal colour, but there was much more 

ascitic fluid than in sheep 41. There was 1,500 ml. of orange-red ascitic 

fluid which contained a negligible amount of blood.

The liver was similar in appearance to 41 although it had a few more 
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haemorrhagic tracts. As in sheep 41, the bile was blackish—green in colour 

and the main bile duct contained adult flukes.

The hepatic lymph nodes were enlarged and the erythropoietic activity 

in the bone marrow was similar to 41.

All other internal organs were normal. One female Bunostomum was 

found in the small intestine.

Sheep numbers 43 and 46.

These sheep were destroyed during the 13th week after the other sheep 

had been infected. They both showed much more sub-cutaneous fat than the 

infected animals and no lesions were seen in either animal. The liver from 

46 is shown in plate 5.4 to enable a comparison to be made with infected 

animals 44 and 45. (See plate 5.5 for comparison of liver size). The 

erythropoietic activity of 43 is compared with those of 44 and 41 in plate

5.6.
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Plate 5.4. Livers from sheep in Experiment I 
showing the colour of the lesions.
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Plate 5.5. Livers from sheep in Experiment I 
showing comparitive sizes.

Liver from 
sheep 44

Liver from 
sheep 45

Liver from 
sheep 46
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Plate 5.6. A comparison of the erythropoietic activity in the marrow 
of the sternum, lumber vertebrae, humerus and ilium from sheep 41, 43 & 44.

N = Area of increased 
erythropoietic activity 
in the humerus.
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Histopathological examination

Because of autolysis it was not possible to study the histopathology of 

the liver of sheep 44. The histopathology of the liver damage was only 

studied in sheep 42 and 41 as being representative of lesions present at 9 

and 14 weeks respectively. The picture was similar to that described by

Ross et al., (1967a) and Dow et al., (1968). Plate 5.8 shows the fluke 

tract lesions and the bile duct hyperplasia in sheep 42, and also some hepatic 

cell vacuolation which is probably fatty infiltration. A similar vacuolation 

occurred in the hepatic cells adjacent to the older lesions in sheep 41. 

(Plate 5.9).

Sections of spleen, stained with prussian blue, showed haemosiderin in 

all infected animals but not in the controls. Number 44 showed the greatest 

amount (Plate 5.7).

Plate 5.7. Haemosiderin, staining blue, in section, 
from spleen of sheep 44. Magnification approximately 

x 50.
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Plate 5„8. Liver section from sheep 42 showing 
fluke tracts and vacuolation in hepatic parenchymal 
cells. Magnification approximately x 125.
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Plate 5O9. Liver section from sheep 41 showing 
fluke tracts, bile duct hyperplasia and vacuolation 
of hepatic parenchymal cells.
Magnification approximately x 125.
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GRAPH 5.3

SERUM IRON

X = 2 Standard Deviations above mean = 235pg

Y = 2 •• ■■ below •* = 95 pg
0= Mean of controls(43 & 4 6) =166pg
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Serum biochemistry

Serum Iron Concentration

The serum iron concentration tended to increase in all the infected 

animals during the course of the experiment although sheep 41 also showed a 

drop in serum iron at 10 weeks. (Graph 5.3). 

Icteric index

The icteric index results are shown in table 5.6. There was a clear 

increase at four weeks after infection in sheep 44, and five weeks after 

infection in sheep 41 and 42. Sheep 45 showed a smaller rise, which did not 

occur until eight weeks after infection.

Icteric Index units of sera from sheep in Experiment I

TABLE 5.6

Sheep 
No.

Pre
infection 1 2

Weeks post-infection

13 143 4 5 6 7 8 9 10 11 12

41 1.5 0.8 0.8 0.8 1.5 1.5 27.0 7.0 4.3 3.1 9.2 10.8 12.3 9.0 39.0 23.0

42 0 0 0.8 0.8 0.8 0.8 5.0 1.8 2.7 5.0 2.7

43 0.9 0.9 0.5 0.9 0.9 0.9 0.5 0.9 0.9 0.9 0.9 0.5 .0.9 0. 9 0.9

44 0.8 0.8 0.8 0.8 0.8 3,1 6.1 10.0 18.5 21.5

45 0.9 0.5 0.9 0.9 0.5 0.9 0.5 0.5 0.9 1.8 1.4 2.3 2.3 3.6 3.2 3.2

46 0.9 0.9 0.9 0.5 0.5 0.5 0.5 0.9 0.5 0 0.9 0.9 0.9 0. 9 0.9

the normal range.Values above 2.0 Icteric Index units are considered above

Serum protein estimations

The results of the total serum protein estimations are shown in graph

5.4

From 4-5 weeks after infection, all the infected animals showed a
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GRAPH 5.4
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TABLE 5.7

Results of Albumen and Globulin estimations in Experiment I

Sheep 
No.

Pre
infection

Weeks post-infection
3 5 7 8 9 11 13 14

41 Alb.
Glob.
A/G

4.62
3.78
0.82

3.77
4.43
1.18

4.03
6.97
1.70

3.77
6.43
1.70

2.44
5.56
2.22

3.28
8.42
2.57

2.67
7.03
2.57

42 Alb. 
Glob. 
A/G

3.80
3.10
0.81

3.42
4. 18
1.22

3.31
4.39
1.32

3.07
6.83
2.22

4.74
10.06
2.12

43 Alb.
Glob.
A/G

4.59
4.41
0.96

3.94
4.26
1.08

3.90
3.20
0.82

3.17
3.73
1.17

3.60
4.40
1.22

4.62
3.08
1.50

44 Alb.
Glob. 
A/G

3.85
3.25
0.84

4. 18
4.62
0.95

3.93
6.67
1.69

3.89
7.91
2.03

3.36
7.34
2.18

45 Alb.
Glob.
A/G

5.67
3.63
0.64

3.61
5.19
1.43

4.26
6.94
1.63

3.78
8.02
2.12

3.63
8.07
2.22

3.39
8.71
2.56

3.54
7.66
2.16

46 Alb.
Glob.
A/G

3.85
3.85
1.00

3.40
2.90
0.85

3.37
3.23
0.95

3.45 
3,05 
0.88

3.70
4.00
1.08

4.65
2.85
0.61

Alb. - Albumen gms.%

Glob. - Globulin gm.%

A/G — Albumen globulin ratio expressed as a reciprocal
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rise above two standard deviations from the mean of the controls 43 and 46 and 

the levels remained high throughout the experiment. Table 5.7 has been 

compiled from stained and scanned agar-gel electrophoretograms of selected 

sera. The absolute values of albumen and globulin concentration have been 

calculated from the relative proportion of the areas under the peaks of the 

Chromoscan curves and related to the total serum protein concentrations of 

the respective sera.

The differential change in globulins, due to infection, will be 

discussed in chapter six.

The rise in total serum proteins results from a rise in globulin

concentration, and a concurrent fall in albumen concentrations. In all 

infected animals, the amount of globulin more than doubled during the 

experiment (Table 5.7). Plate 5.10 shows the effect in sheep 42. The 

concomitant fall in albumen was proportionally much less in all the infected 

animals. This rise in globulin concentration commenced by three weeks after 

infection and was very evident by five weeks after infection.
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Plate 5.10. Agar-gel electrophoretograms in 
duplicate on sera from sheep 42.

Preinfection

3 weeks post-infection

5 weeks post-infection

9 weeks post-infection

Albumen and alpha globulin is on the left of 
the origin and beta/gamma globulin on the right.
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Serum glutamic dehydrogenase

The results of the serum glutamic dehydrogenase estimations, are shown 

in graph 5.5. All the infected animals showed a rise in the enzyme activity 

of the serum by two weeks after infection to reach a peak between three and 

four weeks. In sheep 44 and 42, the level then fell to almost normal values 

by 5—7 weeks after infection although in sheep 41 and 45 it did not fall to 

similar levels until 9-12 weeks after infection.

There was a terminal rise in the values for the controls in sheep 41 

and 45, but this was in sera obtained from blood collected after the animals 

had been shot.

Serum glutamic oxalacetic transaminase

Graph 5.6 shows the rise in S.G.O.T. activity of the infected sera. 

This rise commenced by two weeks after infection in all infected sheep, and 

reached a peak by 4-5 weeks after infection. The rise was maintained at 

between 140 and 200 I.U.S. in sheep 44. All the other infected animals did 

not reach 150 I.U.S. and fell away from the peak value, but remained two 

standard deviations above mean of the values in the controls. There was a

terminal rise in S.G.O.T. activity from 10 weeks to 14 weeks in sheep 41.

Serology

The J.F.P. titres of the sera are shown in graph 5O7. All the 

infected sera reached a titre of 1:80 by 6 weeks after infection, and sheep 

44 had reached this titre by 3 weeks after infection. The titres then 

remained above 1:40 for the rest of the experiment.

There was no reaction with the pre-infection sera, or with any of the 

sera from the controls. Only sheep 44 showed any reaction by one week after 

infection although all infected animals showed a reaction by 2 weeks after

infection.
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GRAPH 5.6
SERUM GLUTAMIC OXALACETIC TRANSAMINASE
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GRAPH 5.7
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Discussion

Only one animal, sheep 44, died during the period 7-8 weeks after 

infection when death from acute fascioliasis was to be expected. All the 

other infected animals developed chronic fascioliasis. This was because of 

the small proportion (mean 8.5%) of the infective dose of 11,000 metacercariae 

which became established. In spite of this, clinical signs and suppression 

of weight gain occurred in three of the four infected animals and the animals 

which showed the greatest degree of inappetance and listlessness lost the 

most weight.

Only sheep 44 showed clinical signs of anaemia e.g. pale conjunctiva and 

jaundice. Despite the rapid terminal fall in P.C.V. sheep 42 did not show 

clinical signs of anaemia but was much more listless before death than sheep 

44. The death of sheep 44 was sudden and unexpected. The lower yield of 

flukes from sheep 42 than from sheep 41 and 45, was surprising because this 

animal showed more severe clinical signs.

Only sheep 44 showed the drop in haematological values from soon after 

infection, stated by Taylor (1964) to occur in acute fascioliasis. The 

other infected animals did not show any significant drop until 5-6 weeks 

after infection when sheep 42, for an unknown reason showed a more rapid 

drop than sheep 41 or 45. It may be that the smaller number of flukes in 

sheep 42 resulted in more simultaneously nearing maturity and entering the 

bile ducts, resulting in excessive damage to the bile duct walls and loss of 

blood. On post-mortem this sheep, at just over 9 weeks after infection, 

showed blood clots in the gall bladder as evidence of rapid loss of blood. 

Occult blood tests on sheep 41 and 45 at this same stage showed that these 

animals were losing blood but their weak reaction to the test indicated that 

the loss was probably small.
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It was considered that the increased red cell fragility of the erythro

cytes of sheep 41 and 45, as shown by increased osmotic fragility and auto

haemolysis, may have been a factor in the aetiology of the anaemia. The 

demonstration of a cold agglutinin was also thought to be a possible factor 

o 
but the titre was very low compared to titres of 1:500 - 1:100,000 at 2 C 

shown in acquired haemolytic anaemia in humans (Mollison, 1961).

On post-mortem the large amount of sero-sanguinous fluid, equivalent to 

about a litre of blood in sheep 44, may explain the sudden death of this 

animal. However, the ascitic fluid in sheep 42 which contained only the 

equivalent of 90 ml. of blood, is unlikely to have been the main reason for 

the anaemia in this animal and the blood loss in the bile ducts is a more 

likely cause. Erythropoietic activity in the red bone marrow of sheep 44 and 

42 was minimal and much less than in sheep 41 and 45. This may have been 

because sheep 41 and 45 lived longer, so that the red marrow had more time to 

develop, or a possible dyshaemopoiesis in sheep 44 and 42. The haemosiderin 

in the spleens of the infected animals, may have come from the loss of blood 

into the peritoneal cavity and/or into the liver parenchyma resulting from a 

shortened potential red cell life. All these factors, i.e. increased red 

cell fragility, cold agglutinins, bleeding into the peritoneal cavity, red 

bone marrow activity and haemosiderin in the spleen and the development of 

an anaemia in sheep 44 soon after infection, pointed to the need for further 

examination of the aetiology of the anaemia of acute fascioliasis and this 

was done in experiments II and III.

The rise in serum iron in all infected animals, was also found by 

Symons and Boray (1967) in acute fascioliasis in sheep and is an indication 

of severe liver damage (Harris, 1963). The decrease in serum iron shown by 

Sinclair (1962) and Ibrovic and Gall-Palla (1959) was seen in sheep 41, ten 
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weeks after infection and may indicate a rapid uptake of iron from the serum 

by the increased erythropoietic tissue in the bone marrow.

As was found by Sinclair (1962), the eosinophilia was the main cause of 

the leucocytosis, though the levels did not reach the values recorded by 

Sinclair using a lower infective dose of 600 metacercariae in sheep. The 

drop in eosinophil count in sheep 41 at 14 weeks after infection is similar to 

that found by Sinclair.

Eosinophilia is consistently found during the migratory stage of 

F. hepatica (Cameron, 1951; Pantelouris, 1965; Ross et al., 1966 and Ross 

et al., 1967a).

The temporary neutropenia early in infection may be due to a change in 

emphasis of white cell production to the production of eosinophils.

This eosinophilia is mirrored by an increase in eosinophil cells locally 

in and near fluke tract lesions in the liver, as has been shown by Dow et al., 

(1968). The hepatic cell vacuolation raises the possibility of a disturbance 

in circulation resulting in anoxia and fatty infiltration.

The appearance of the livers of the infected sheep varied, although all 

exhibited peritonitis with the most severe reaction in the left lobe indicat

ing early selective migration in this part as found by Taylor (1964); Runnell 

et al., (1965) and Ross et al., (1966).

The liver of sheep 44 was swollen and showed the typical haemorrhagic 

plaques noted by Ross et al., (1967a) in livers from sheep dying of acute 

fascioliasis, but the liver of sheep 42 showed haemorrhagic tracts typical of 

lower level infections at this stage. Sheep 41 and 45 had the livers which 

were enlarged but more contracted than that of sheep 44 because of 

contraction of fibrous tissue.

The bile ducts were enlarged and contained flukes in sheep 41 and 45.
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Thus, these animals had passed into the bile-duct phase of the disease. Even 

sheep 42 had some flukes in the main bile duct indicating the onset of this 

stage.

The B.S.P. dye excretion tests showed an increase in half clearance times 

and hence an impairment in liver function from four weeks after infection in 

sheep 41, 42 and 44. It is surprising that sheep 42 showed this effect, 

whereas sheep 45 which had more flukes did not show the same impairment until 

11-12 weeks.

The enzyme tests showed evidence of liver damage much earlier than the 

dye excretion tests. Both G.D. and S.G.O.T. tests were raised at two weeks 

after infection in all sheep but reached their peak values by 3 - 5 weeks 

after infection. There was some tendency for the values to fall to near

normal values, especially with the G.D. estimation in sheep 44 and 42 and the 

G.O.T. estimations in sheep 41 and 45, so these tests warranted further 

investigation in experiments II and III as means of prognosis.

The increase in icteric index in some of the infected sheep at four 

weeks warranted further investigation as to a possible increase in serum 

bilirubin concentration.

The rise in total serum proteins to over IO gm.%, in all infected 

Aui1s, showed promise as a prognostic test in acute fascioliasis as Sinclair 

(1962), with dosages of 600 metacercariae in sheep, did not observe much 

above 7 gm.%. However the rise in total serum protein did not directly 

reflect the degree of infection. The severe hypoalbuminaemia noted by 

Ross et al., (1967a) was not seen in this experiment.

There was some indication that the heaviest infected animals gave a more 

rapid response in J.F.P. titre, even though all animals reached a 1:80 titre

by six weeks post infection.
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EXPERIMENTS II AND III

The low yield of flukes in experiment I rather reduced the usefulness 

of this experiment as a study of the pathogenesis of acute fascioliasis. 

However, it did give some pointers for further work in experiments II and III.

Thus a study was made on the anaemia in experiments II and III by the 

use of haemotological studies viz., routine P.C.V. and occasional red cell 

counts, haemoglobin concentration analysis, and blood film; and auto

haemolysis and haemagglutinin estimations. In experiment II, the red cells 

32 51
of the sheep were labelled with DF P and Cr about four weeks after 

infection, to follow the development of anaemia in one sheep infected with 

10,000 metacercariae, sheep 51 and one given 4,000 metacercariae, sheep 50, 

with one negative control, sheep 52. The lower dosage was used, as well as 

the high dose with the intention of following the development of the anaemia 

in animals with similar infections to these in sheep 42, 41 and 45 in 

experiment I that is, in an animal having such a burden of liver fluke that 

there was rapid loss of blood immediately after the flukes entered the bile 

ducts.

In experiment III, two animals were infected with 10,000 metacercariae 

(sheep 55 and 56) with two negative controls (sheep 53 and 54).

Following the observations made in experiment I, it was desired to study 

the serum bilirubin concentration, the total serum protein concentration, 

serum G.D., serum G.O.T. and the development of the precipitin titre by J.F.P. 

assays in both experiments.

A different pen was used for the sheep in each experiment and special 

boots were worn to enter the pens because, in experiment I, the small numbers 

of nematode parasites recovered suggested that eggs or larvae were being 

brought in on footwear. Occasional D.D.C.F. examinations were made to check 
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for these parasites and to show the onset of fluke eggs in the faeces. 

Results of Experiment II

The results are shown in tables or graphs in the text and in appendix 

table III.

Clinical signs and weight gain

51
Twenty four hour samples of faeces were collected for Cr studies from 

four weeks after infection. From about five weeks, sheep 51 was passing 

little or sometimes no faeces and had partial inappetence. Also from about 

5g weeks this animal was increasingly listless. It was often lying down and 

exhibiting repetitive protruding movements with its tongue. Seven weeks 

after infection the animal was very listless, lay down for long periods and 

seemed to have photophobia. By 7> weeks it was lying down most of the time, 

had a slight dyspnoea and the conjunctiva was paler than normal with slight 

jaundice. Infected sheep 50 and control 52 were bright and ate well 

throughout the experiment.

Table 5.8 shows the live weight gain. All the sheep gained weight from 

pre—infection until 10 days after infection. Only sheep 51 lost weight from 

then on, sheep 50 gaining weight at about the same rate as the control sheep 52.

TABLE 5.8

Changes in weights of sheep from Experiment II expressed in pounds

Haematological examinations

; Sheep 
No.

Initial 
weight 14 2 C

O
 

M
H

Change
5

in wet 
6

ght at 
7

weeks
8 9 10 11

50 68 +20 + 19 +20 +22 +21 +24 +20 +22 +21 +20

51 68 + 12 + 10 +4 +1 0 -5 «6

52 87 +16 + 17 + 16 +21 +24 +27 +23 +29 +30 +33

The packed cell volume was estimated weekly and is shown in graph 5.8.
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The P.C.V. of sheep 51 began dropping two weeks post-infection. For radio

isotope studies, an average of 8 ml. of blood per day was removed, starting 

four weeks after infection and resulted in a drop in the P.C.V. values of all 

the animals. From 6 - 7 weeks post-infection, the P.C.V. of the sheep 52 

rose again but that of sheep 51 continued its downward trend to reach 20% at 

eight weeks after infection, one day before death. The P.C.V. of sheep 50 

steadied at about 30% at 5 weeks after infection and continued at this level 

for the rest of the experiment.

Sheep 51, at 7 weeks after infection, showed a few punctate basophils 

and a little polychromasia on a blood film but at 8 weeks, one day before 

death, there was marked poikilocytosis, anisocytosis, and crenation of the 

erythrocytes with an increase in the number of punctate basophils (Plate 5.11).

Plate 5.11. Blood film from sheep 51 showing 
poikilocytosis, anisocytosis and crenation of 
erythrocytes. Two punctate basophils can be 
seen. Magnification approximately x 1800.

The erythrocytes of sheep 50 and 52 were normal. The M.C.V. of sheep 51 
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which had been normal at three weeks after infection was macrocytosic at 

eight weeks after infection and at the same time there was an increase in the 

M.C.H. but the M.C.H.C. was normal. (Appendix table III).

Autohaemolysis estimations

Sheep 51 showed an increased autohaemolysis percentage compared to 

infected sheep 50 and control 52. (Table 5.9).

TABLE 5.9

The results of the Cold Haemagglutinin assays and 

Autohaemolysis estimations in Experiment II

1
Sheep 
No.

Pre
infection 1

Weeks post-infection

11 122 3 4 5 6 7 9 10

Cold 50 2 32 32 32 128 64 64 128 64 64 32 64
Haemag
glutinin 51 16 64 128 64 128 64 16 8

1: 52 2 8 8 16 16 8 2 — 2 2 «M»

Auto- 50 0.3 0.6 0.7 1.9 1.0 0.8 1.2 0.5 0.5 0.4 0.4 0.8
Haemo- 51 1.2 3.7 4.0 2.0 3.4 5.6 3.5 11.1lysis 
% 52 0.9 1.0 1.1 1.4 1.3 1.4 0.8 0.7 1.2 0.7 0.6 1.0

Cold haemagglutinin

Both sheep 50 and 51 showed an increase in cold haemagglutination titre 

during infection. (Table 5.9). The titre reached a peak at two weeks in 

sheep 51 and then fell from 5 weeks to normal values. In sheep 50 however 

the titre did not reach a peak until four weeks and remained high. 

Radio-active isotope studies

32Graph 5.9 shows the red cell survival curves obtained using DF P label, 

in the infected sheep (50 and 51) compared with the control sheep 52, On

the same graph is shown the corresponding P.C.V. values.
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GRAPH 5.9
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During the first 21 days of observations the P.C.V. of sheep 51 dropped 

by 8% while that of sheep 50 and 52 remained near their original values. At 

the same time, the apparent red cell survival rate of sheep 51 was higher than 

that of the other two animals. After 21 days the survival curve from sheep 

51 began dropping and reached values below those of the other sheep before the 

last observation 56 days after infection. The values for sheep 50 were 

consistently lower than those for sheep 52 and the curve tended to become 

slightly curvilindar.

Graph 5.10 shows the blood loss in the faeces, in 24 hour collections, 

51 using Or as a red blood cell label. The blood loss in the faeces of sheep 

51 only exceded the values for the control sheep 52 on one occasion. Sheep 

50 however showed an increase in the amount of blood in the faeces from about 

10 weeks after infection.

Faecal Examination

Periodic D.D.C.F. observations on the faeces of the sheep showed no 

evidence of strongyle infection. Twice weekly D.D.C.F. observations from 8 

weeks after infection on faeces from sheep 50 showed the first appearance of 

fluke eggs at about 11 weeks. 

Post-mortem examination

Many of the results of the post-mortem examinations are shown in table 

5.10. The following is a description of the pathological findings.

Sheep 51

Sheep 51 was found dead on the morning of the 57th day after infection. 

A blood tinged fluid issued from the nostrils.

There was a moderate amount of light yellow sub-cutaneous fat (Plate 

5.12). As with sheep 42 and 44 in experiment I, the peritonitis on the left

lobe of the liver extended back on to the ventral peritoneal wall, however,
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GRAPH 5.10

51 
BLOOD LOSS IN FAECES USING Cr.
as Red Blood Cell Label.

C
C

S.
 BLO

O
D

 IN 
FA

EC
ES

.

WEEKS POST-INFECTION



Ilo

in this animal there were also adhesions between the omental fat and the liver.

TABLE 5.10

Some results of the post-mortem examinations in 

Experiment II

1 Sheep numbers

50 51 52

Weight of liver (gms.) 835 1198 635

Total number of flukes

Percentage "Take"

Number of flukes in peritoneal 
cavity

324 3985 i

8 40

178

Size of

Liver Mean

Range

15.2 3.7

5-29 1-8

Flukes 
(mm. )

Peritoneal Cavity 
Mean

Range

1.7

0.5 - 7

Volume (ml.) 3500

Ascitic 
fluid

Total Protein (gm.%) 87

Bilirubin (mgm.%) 4.2

The peritoneal cavity contained 3^ litres of yellowish-green fluid 

which contained a large amount of bilirubin and total proteins. (Table 5.10).

The liver was enlarged, with greyish—red mottling and haemorrhagic 

plaques similar to sheep 44 in experiment I. The texture of the liver was 

friable and it broke up easily for extraction of the flukes. The hepatic 

nodes were enlarged and congested.

The pleural cavity of this animal contained approximately 250 ml. of 

blood stained serous fluid. The right lung had extensive red consolidation,

which affected all lobes. The left lung showed slightly less consolidation. 
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This would account for the blood stained serous fluid which issued from the 

nostrils at death and the terminal dyspnoea.

As this sheep still had a high radio-active content, a more extensive post

mortem was not performed but all the other internal organs appeared normal. 

Sheep 50

Sheep 50 was destroyed 13 weeks after infection.

There was abundant normal coloured sub-cutaneous fat and the peritoneal 

cavity contained a very small amount of red serous fluid. On the visceral 

surface of the left lobe of the liver there was a small amount of peritonitis. 

The liver was enlarged and had a uniform white-orange mottled appearance, the 

white areas appearing to form a network. A few haemorrhagic tracts were 

evident. The liver was firm and of a rubbery consistency.

The walls of the main bile duct were thickened and the duct contained 

many flukes. The gall bladder contained dark green bile with black flecks 

in it, and this bile was positive for blood by the Haematest technique.

All other internal organs were normal.

Sheep 52

Sheep 52 was destroyed 13 weeks after sheep 50 and 51 were infected.

At post-mortem this negative control animal had no gross pathological lesions. 

Histopathological examination

The lung of sheep 51 showed extensive congestion and oedema (Plate 5.13).

Plate 5.14 in this experiment showed that the spleen of sheep 51 

contained even more haemosiderin than that from sheep 44 in experiment I. 

The spleen of sheep 50 had a very small amount, and that of the control sheep 

52, an insignificant amount of haemosiderin.

Plate 5.15 shows sections of liver from 50 and 51. The liver of sheep

51 has only a small amount of haemosiderin compared to that found in the
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Plate 5.12. Post-mortem of sheep 51 showing yellow coloured 
sub-cutaneous and omental fat.

Plate 5.13. Lung section from sheep 51 showing 
congestion and oedema compared to a normal area. 
Magnification approximately x 125.
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Plate 5.14. Spleen sections stained with 
Experiment II. Haemosiderin stains blue.

Perl's prussian blue, from sheep in 
Magnification approximately x 50.

Spleen section from sheep 50 Spleen section from sheep 51

Spleen section from sheep 52
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Plate 5.15. Liver sections stained with Perl’s prussian 
blue. Haemosiderin stains blue. Magnification approximately 
x 50.

Liver section from sheep 50

Liver section from sheep 51
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spleen. This haemosiderin is along fluke tracts. The liver of sheep 50 

shows a very much smaller amount of haemosiderin than sheep 51.

Serum biochemistry

Bilirubin and Icteric Index.

Sheep 51 showed an increase in both the bilirubin concentration and the 

icteric index of the serum from 5 weeks after infection, whereas sheep 50 and 

52 showed no such increase. (Table 5.11).

TABLE 5.11

Results of Bilirubin and Icteric Index 

estimations in Experiment II

Sheep 
No.

Pre
infec
tion

Weeks post-infection

1 2 34 5 6789 10 11 12

50 Bilirubin 
mgm %

0.27 0.25 0.30 0.35 0.25 0.30 0.11 0.25 0.20 0.25 0.40 0.48 0.21

Icteric
Index 
units

0.8 1.3 0.8 0.8 1.3 0.4 0.4 Q.8 0.8 0.4 0.4 0.8 0.4

51 Bilirubin 
mgm %

0.34 0.19 0.30 0.24 0.29 0.64 0.56 0.83 7.50

Icteric
Index 
units

0.8 1.3 1.3 0.4 1.3 4.8 2.6 5.2 44.0

52 Bilirubin 
mgm %

0.25 0.14 0.26 0.18 0.25 0.21 0.11 0.15 0.12 0.14 0.26 0.42 0.1C

Icteric 
Index 
units

1.3 0.8 0.4 0.4 0.8 0.8 0.8 0.4 0.8 0.4 0.4 0

Serum protein estimations

The serum protein concentration of sheep 51 rose well above normal values 

by three weeks after infection but sheep 50 did not show a similar rise until six
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weeks after infection (Graph 5.11).

Table 5.12 shows the albumen and globulin estimations on selected sera. 

In experiment I changes in serum protein constituents were evident at three 

weeks after infection and obvious by five weeks. Similar changes were also 

seen in this experiment with the rise in globulin and a concurrent fall in 

albumen.

TABLE 5.12

Results of Albumen and Globulin estimations 

in Experiment II

Sheep Pre- 
infection

Weeks

5

post-infection

No. 8 13

50 Alb. 4.37 3.76 4.13
Glob. 5.43 6.04 8.77
A/G 1.24 1.60 2.12

51 Alb. 4.41 3.68 2.90
Glob. 4.59 6.82 7.10
A/G 1.03 1.85 2.44

Alb. - Albumen gm %
Glob. - Globulin gm %
A/G - Albumen/globulin ratio

Serum glutamic dehydrogenase

The results of the G.D. estimations are shown in graph 5.12. As was 

found in experiment I, there was a rise in the enzyme activity of the serum 

from sheep 51 by two weeks after infection. This reached a peak at three 

weeks, after which there was a fall to normal levels by 6 - 7 weeks. Sheep 

50 however, did not show a rise in enzyme activity until 4 weeks after 

infection. In this animal the peak was reached at 9 weeks following which 

the level remained high throughout the experiment.

Serum glutamic oxalacetic transaminase

Graph 5.13 shows the changes in S.G.O.T. activity of the sera. In
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GRAPH 5.13

SERUM GLUTAMIC OXALACETIC TRANSAMINASE

WEEKS POST-INFECTION.
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sheep 51, the serum enzyme activity had increased by two weeks after infection 

and reached a peak at four weeks, after which time there was a fall though the 

level stayed well above that in the control animal 52. Sheep 50 did not show 

a rise until four weeks after infection and reached a peak at IO weeks. 

After this there was a similar fall in serum enzyme activity.

Serology

Graph 5.14 shows the changes in J.F.P. titres. Sheep 51 reached a peak 

by three weeks after infection and a titre of at least 1 ;80 was maintained 

thereafter as had occurred in sheep 44 in experiment I. On the other hand, 

the serum of sheep 50 did not reach its peak titre until 8 weeks after 

infection. This titre of 1:80 was as high as that found in any of the 

infected sheep in experiment I. 

Results of Experiment III

The results that are shown in graph form in the text are also shown in 

appendix table IV.

Clinical signs and weight gain

Until 5s weeks after infection there were no clinical signs in the 

infected sheep. At this time, sheep 56 became listless and anorexic.

During the next seven days, this animal became progressively weaker, 

showed greater inappetence and lay down for much of the time. It was noted 

that the abdomen was swollen and about two days before death the conjunctiva 

became very pale. The sheep died 46 days after infection.

Sheep 55 showed no clinical signs of infection until one day before 

death when it was a little listless and had partial inappetence.

The live weight gains are shown in table 5.13. All the animals in the

experiment gained weight although the infected animals did not gain as

rapidly as the controls.
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TABLE 5.13

Changes in weight of sheep from Experiment III 

expressed in pounds

Sheep 
No.

Initial 
weight 14

Change in 

2 3i

weight

5

at weeks:

6 7 8

53 33 +24 +20 + 17 +22 +23

54 40 +40 +21 + 19 +23 +24 +23 +29

55 47 +9 + 13 + 12 + 17 +16 +15 +17

56 34 +24 +19 + 16 + 15 +15

Haematological examinations

Graph 5.15 shows the P.C.V. estimations of this experiment.

Sheep 55 showed a drop in P.C.V. , from normal values, starting four 

weeks after infection.

However sheep 56, although it had a slight fall in P.C.V. soon after 

infection, it showed a transient rise at five weeks before falling terminally 

to 25%. The sheep had a very pale conjunctiva and the veins were collapsed 

at this stage suggesting that there may have been some haemoconcentration.

By about six weeks after infection a blood film from sheep 56 showed 

marked poikilocytosis and anisocytosis with crenations on the erythrocytes 

and the presence of punctate basophils (Plate 5.16). Sheep 55 showed slight 

poikilocytosis and anisocytosis by 8 weeks after infection.

In contrast to sheep 51, in experiment II, there was no terminal 

macrocytosis (6 - 8 weeks) in either sheep 55 or 56. (Appendix table III).
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Plate 5.16. Blood film from sheep 56, 6 weeks 
after infection, showing poikilocytosis, anisocytosis 
and crenation of erythrocytes. One punctate basophil 
is present. Magnification approximately x 1800.

Autohaemolysis estimations

There was no increase in the autohaemolysis percentage in any of the 

animals during this experiment (Table 5.14).

TABLE 5.14

The results of the Cold Haemagglutinin assays and 

Autohaemolysis estimations in Experiment III

Sheep Pre- Weeks post-infection

No. , infection 12345 6 789

Cold 53 — 4 4 4 4 4 2 -

Haemag- 54 - 2

glutinin 55 -

* ' n 
■

00 
। 

oo00<N

1; 56 2 8 S 16 8 4 a

Auto- 53 5.8 4.5 2.9 3.0 2.1 2.1 1.1 1.8

Haemo- 54 1.8 3.0 1.2 3.2 1.4 1.4 1.0 0.9

lysis 55 1.5 2.2 1.4 2.4 1.0 1.2 0.6 0.6

% 56 1.0 3.2 3.0 3.8 2.2 1.5 0.6
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Cold haemagglutinin

The rise in cold haemagglutinin titre which did not exceed 1;16 in

either animal (Table 5.14) was very small compared to the rises in titre 

observed in experiment II (Table 5.9).

Faecal Examination

No evidence was seen of nematode parasites in the periodic D.D.C.F. 

examinations.

Post-mortem examinations

Some post-mortem details are shown in table 5.15. The following is a 

description of the pathological findings

TABLE 5.15

Some results of the post-mortem examinations in 

Experiment III

53

Sheep numbers

5654 55

Weight of liver (gms.) 479 500 810 630

Total number of flukes 

I percentage "Take

2124

21

4768

48

1 Number of flukes in
1 peritoneal cavity

289 687

I Si ze of

Liver Mean

Range

6.2

2 - 11.5

4.5

1 - 8

1 Flukes
I (mm.)

peritoneal Cavity 
Mean 5.3 4.5

Range 1-11 0.5 - 7

Volume (ml.) 4500 7000

1 Ascitic
fluid

Blood equivalent 
(ml. )

265 250

Total protein (gm.%) 7.6 8.2

Bilirubin (mgm.%) 0.6
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Sheep 56

Sheep 56 was found dead on the morning of the 46th day of infection.

There was a moderate amount of normal coloured sub-cutaneous fat. The 

peritoneal cavity contained 7 litres of sero-sanguinous ascitic fluid.

There was a thick fibrous peritonitis over the entire surface of the 

liver, especially the parietal surface, and this extended from the left lobe 

on to the ventral abdominal wall. A similar picture had been seen in the 

previous two experiments. The cut surface of the liver revealed a reddish- 

grey appearance and the liver tissue was extremely friable and broke with a 

minimum of handling.

The gall bladder was full of normal coloured bile and the hepatic lymph 

nodes were enlarged and congested.

The ascitic fluid contained the equivalent of 250 ml. of blood but did 

not contain any bilirubin.

The bisected humerus showed a similar amount of erythropoietic activity 

as that from sheep 44 in experiment I (Plate 5.6).

There was a slight pleurisy in both pleural cavities and the right lung 

showed red consolidation extending dorsally for 4 cm. from the edges of the 

apical and cardiac lobes. The left lung had a smaller amount of similar 

consolidation.

There were no other gross pathological changes.

Sheep 55

Sheep 55 was found dead on the morning of the 61st day after infection. 

Death was sudden and unexpected as the animal was eating and had been only a 

little dull the previous day.

There was a moderate amount of normal coloured sub-cutaneous fat and 

the peritoneal cavity contained approximately 4^ litres of sero-sanguinous 
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ascitic fluid which contained about 265 ml. of blood. The liver was enlarged

and covered with fibrous peritonitis especially on the left lobe (Plate 5.17).

Plate 5.17. Liver from sheep 55.

This peritonitis on the left lobe was not as extensive as in sheep 56

but more so than sheep 51 and sheep 44. The rest of the liver was reddish- 

grey in appearance with numerous haemorrhagic plaques and tracts. The liver 

tissue broke easily for extracting the flukes as in sheep 56.

A number of the largest flukes were examined for eggs in the uterus as 

a criterion of maturity. However, none were found indicating that the flukes 

in this sheep were immature. Plate 5.18 shows such a fluke compared to one 

of the largest from sheep 51 which died four days earlier.

The gall bladder was full of normal coloured bile and the hepatic lymph 

glands were enlarged and congested (Plate 5.17) as found in sheep 56.

The right lung contained similar red consolidation to that found in

sheep 56.
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1 cm.

Plate 5.18. F. hepatica from sheep 55 (above) and sheep 
51 (below); examined for the presence of eggs in the 
uterus.



129

Sheep 53 and 54

Both these sheep were destroyed at the completion of the experiment about 

9 weeks after infecting sheep 55 and 56.

A small number of Muellerius capillaris lesions were found in the 

diaphragmatic lobes of both the sheep. There were no other gross pathological 

lesions.

Serum biochemistry

Bilirubin and Icteric Index

The bilirubin and icteric index estimations are shown in table 5.16

TABLE 5.16

Results of Bilirubin and Icteric Index 

estimations in Experiment III

* 61 days post-infection

I
Sheep 
No.

" T
Pre

infection

Weeks post-infection

123456789

53 Bilirubin 
mgm%

Os28 0.31 0.20 0.18 0.27 0.21 0.13 0.19 0.15 0.14

Icteric 
Index 
units

0.8 0.8 0.4 0.4 0.4 0.8 1.3 0.8 0.8 1.3

54 Bilirubin 
mgm%

0.17 0.27 0.31 0.14 0.22 0.14 0.04 0.25 0.12 0.18

Icteric 
Index 
units

1.3 0.8 0.8 0.4 0.8 0.4 0.8 1.3 0.8 0.8

55 Bilirubin 
mgm%

0.25 0.30 0.37 0.30 0.25 0.30 0.15 0.30 0.18 0.8*

Icteric 
Index 
units

0.8 1.3 0.8 0.4 0.8 0.8 1.3 0.8 0.8

56 Bilirubin 
mgm%

0.30 0.27 0.19 0.24 0.10 0.31 0.64

Icteric 
Index 
units

1.7 1.3 0.8 0.8 1.3 0.8 1.3
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Both sheep 55 and 56 showed a slight terminal rise in bilirubin but this was 

not shown in the icteric index.

Protein estimations

Sheep 55 showed a rise in total serum proteins by three weeks similar 

to that seen in sheep 51, and reached a peak at six weeks after infection.

However although the total serum proteins in sheep 56 rose above pre

infection levels, they did not exceed normal limits and subsequently fell to 

low levels (Graph 5.16).

A similar rise in globulin and concurrent fall in albumen was shown in 

the previous two experiments. (Table 5.17).

TABLE 5.17

Results of Albuipen and Globulin estimations 

in Experiment III

Sheep 
No.

1
Pre

infection

Weeks post-infection

5 6 8

55 Alb.
Glob.
A/G

4.35
4.65
1.06

4.62 3.80
6.78 6.40
1.46 1.68

56 Alb.
Glob.
A/G

4.43
3.07
0.69

3.00 2.84
4.20 4.36
1.40 1.53

Plate 5.19 shows agar electrophoretograms of the ascitic fluid from 

sheep 56 and 51, compared with their terminal sera.
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Sheep 56
Ascitic fluid
Terminal serum

Sheep 51
Ascitic fluid

Terminal serum

Plate 5„19. Electrophoretograms of 
ascitic fluid and terminal sera.

Serology

Both sheep 55 and 56 had reached J.F.P. titres of at least 1:80 by 

three weeks after infection and did not fall below this level before the end 

of the experiment. Sheep 56 gave a reaction one week after infection and 

reached its maximum titre of 1:160 by two weeks.
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Serum glutamic dehydrogenase

Graph 5.17 shows the results of the serum glutamic dehydrogenase 

estimations. Sheep 56 reached a peak serum enzyme activity at two weeks 

after infection and maintained this level for two weeks before falling to low 

levels, however sheep 55 did not reach its peak until four weeks after 

infection and subsequently the activity of the serum fell.

Serum glutamic oxalacetic transaminase

The results of the serum glutamic oxalacetic transaminase are shown in 

graph 5.18. Both infected sheep 55 and 56 showed a rise in the activity of 

their sera at two weeks after infection. The activity of the sera remained 

high for the duration of the experiment.
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GRAPH 5.18

Serum Glutamic Oxalacetic Transaminase.
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Discussion

There was considerable individual variation in the clinical signs shown 

by the sheep with acute fascioliasis. Thus from five to five and a half 

weeks there was inappetence and listlessness in sheep 51 and 56 but sheep 55 

did not show these symptoms until just before death, eight weeks after 

infection. Again, although sheep 51 started to lose weight two to three 

weeks after infection, as did sheep 41, 42 and 44 in experiment I, sheep 55 

and 56 did not lose weight, only showing a reduced weight gain compared to 

the controls. Urquhart (1956) and Sewell (1966) have recorded jaundice 

terminally in rabbits and cattle respectively. Similar jaundice was shown 

in sheep 44 and 51 but not in the other infected animals. Ross et al., 

(1967a) record dyspnoea in sheep suffering from acute fascioliasis but this 

was only seen terminally in sheep 51.

Ross (1965a) observed that death from acute fascioliasis occurred when 

the mean fluke length was around 6 mm. and in further work Ross et al. , 

(1967a) gave 7.8 mm. as the mean fluke length at death. However, the mean 

fluke lengths shown by sheep 44, 51, 55 and 56 varied from 3.5 mm. to 6.2 mm.

Sheep 51 showed a big difference between the mean fluke size of the 

flukes recovered from the liver (mean 3.7 mm.) and those recovered from the 

peritoneal cavity (mean 1.7 mm.), whereas sheep 55 and 56 showed fluke sizes 

similar in both localities. This might have been due to the liver environ

ment in the latter animals being so deleterious to the flukes that there had 

been a mass migration out of the liver into the peritoneal cavity. Dawes 

(1961) has shown that flukes which spend a long period of time in the abdominal 

cavity are stunted in growth and this may have been what occurred in sheep 51.

Kendall and Parfitt (1962) stated that fluke eggs appear in the faeces

of sheep from between 7 and 8 weeks (55 days) after infection, however eggs 
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did not appear in sheep 50 until about 11 weeks after infection and in sheep 

41 and 45 until 11 to 13 weeks. It would therefore seem that even at these 

lower levels of infection there had been some retardation of development.

Eggs appear in the uterus of F. hepatica 43 days after infection (Kendall 

and Parfitt, 1962). The largest flukes in sheep 51 and in sheep 55, which 

died 57 and 61 days respectively after infection, did not show any evidence 

of eggs which again suggests retarded development.

The further study of the anaemia of acute fascioliasis in these experi

ments, has brought forward some interesting facets. Ross et al. (1967a) 

recorded a terminal P.C.V. of 10% but in all the animals in these experiments 

the lowest recorded P.C.V. was 17% in sheep 44, while sheep 56 had a terminal 

reading as high as 25%. It is possible that this animal, and to a lesser 

extent sheep 55, had some degree of haemoconcentration. Despite the 

relatively high P.C.V., the conjunctiva was pale and the jugular vein did not 

dilate normally on compression. This may have been caused by dehydration 

due to the large accumulation of ascitic fluid.

The small increase in red bone marrow in the sheep dying before or about 

8 weeks after infection raises the possibility of a dyshaemopoiesis. In the 

radio-active isotope studies, sheep 51 showed an apparent increased red cell 

survival time, with a concurrent drop in P.C.V.

A reduction in P.C.V. could indicate either a loss of red cells, or an 

increase in the total circulating plasma volume but the latter cause is unlikely. 

There was no evidence of any random loss of red cells in the faeces or from 

the shape of the survival curve, which remained linear prior to the terminal 

drop. Random loss of red cells causes the curves to take on exponential 

shape (Harris, 1963 and Sewell et al., 1968).

The use of radio-tracers, like DF32P in measuring red cell life depends 



135

on the production of new red cells, thus in the limiting case, if no new red 

cells were produced, the apparent residual proportion would remain constant at 

100%. Thus a normal, or above normal, apparent red cell life in the presence 

of a falling number of red cells - as may be shown by a falling P.C.V. “ 

indicates a sub-normal production of red cells. This was the pattern shown 

by sheep 51 and therefore suggests that in severe acute fascioliasis there is 

an element of dyshaemopoeia, such that the normal loss of senile red cells 

was not being made good.

It has been shown in severe liver damage in man that the normal liver 

function in storing vitamin B1Q, folic acid and iron (Schalm, 1965) is 

reduced in proportion to the degree of damage (Baker et al., 1964 and Popper 

and Schaffner, 1965); and Obara et al., (1964) have shown that F. hepatica 

can preferentially absorb vitamin B^. These factors may play some part in 

explaining the aetiology of the partial dyspaemopoiea but further work would 

of course be necessary to show if this is a constant finding in acute 

fascioliasis.

The terminal drop in the red cell survival curve of sheep 51 together 

with the large amount of haemosiderin found in the spleen relative to the 

amount in the liver, points to a possible haemolysis. This animal, together 

with sheep 56, showed terminally a very severe anisocytosis and poikilocytosis 

with many erythroblasts. Thus it would appear that the bone marrow of these 

sheep was attempting to make good the reduction of red cells by producing 

abnormal red cells which were being rapidly taken out of the circulation by 

the spleen. Prankerd (1961) has said that poikilocytes and macrocytes are 

more fragile than normal red cells. Some degree of increased autohaemolysrs 

was seen in sheep 51 but this was not seen in the other infected animals.

As shown by 51Cr studies, sheep 50 began losing blood into the faeces 
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from about 10 weeks after infection and this was concurrent with its red cell 

survival curve taking on a more exponential like appearance. This animal 

unfortunately did not yield enough flukes to produce a sub-acute fascioliasis 

with a rapidly dropping P.C.V. from 9 weeks after infection, as seen in sheep

41, 42 and 45.

The increase in cold agglutinin had no correlation with the severity of 

the infection; sheep 50, with a light infection, giving the highest titre, 

whereas sheep 55 and 56 with heavy infections had much lower titres. This 

effect probably plays no part in the anaemia,

A very consistent finding in the sheep dying of acute fascioliasis was

the presence of a large volume of ascitic fluid which in most cases was 

sero«sanguinous. The sinusoids in the liver have walls which are exception

ally permeable and any increase in portal pressure, for instance by passive 

congestion or fibrosis, results in increased trans-capsular flow of lymph 

(Florey, 1962 and Brauer, 1963). In acute fascioliasis, the inflammatory 

reaction probably interferes with the venous drainage of the liver resulting 

in increased venous pressure and this, with the direct damage caused by the 

flukes, probably results in the accumulation of fluid in the peritoneal cavity. 

The ascitic fluid and sera have practically the same protein components (Kona, 

1957). This finding was confirmed and further points to the free permeab

ility of the vascular bed in the liver.

Increases in total serum protein have been previously reported in sheep 

with fascioliasis (Ibrovic and Gall-Palla, 1959 and Sinclair, 1962), but the 

increases were much less than those found in these experiments where over 

10 gm.% was commonly encountered. All the infected animals had a large 

increase total serum protein, except sheep 56. This may be explained by the 

tremendous amount of ascitic fluid in this animal. Most of the sheep showed 
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this rise in serum protein concentration at about 3—4 weeks after infection 

except sheep 50 in which the rise did not occur until 9 weeks after infection. 

Sheep 50, with its low number of flukes and late response, reduces the useful

ness of total serum protein estimations as a prognostic test in acute fascio- 

liasis. However, this may have been an exceptional animal. At post-mortem, 

the liver of sheep 50 contained a large amount of fibrosis, which on section, 

was shown to be affecting a large amount of the liver. This marked fibrotic 

reaction is unusual in sheep and may account for the low yield of flukes in 

this animal. Similar fibrosis was seen in cattle (Ross 1965b) in which high 

doses of metacercariae resulted in small numbers of flukes. This fibrosis 

may also account for the anomalous serum biochemistry results. In both

G.O.T. and G.D. estimations, sheep 50 gave very high but late rises in serum 

activity, which may have been caused by fibrous contraction further damaging 

hepatic parenchymal cells.

All other infected sheep showed a rise in the G.D. and G.O.T. activity 

of the serum at two weeks, reaching a maximum at 3 - 4 weeks after infection 

From this time however, the G.D. activity of the sera fell to near normal

levels. Boyd (1962) found G.D. activity a more sensitive and specific

indicator of liver damage than G.O.T. activity. Wss (1967a) and Sewell 

(1967b) found that the G.O.T. levels in acute fascioliasis were hardly ever 

raised above the normal range. Sewell showed that G.D. values in sheep with 

acute fascioliasis were much higher than the controls and advocated its use 

as an aid to prognosis but this worker did not observe the subsequent fall in

serum activity.

Using the colorimetric method for determination of G.O.T. corrected for 

inhibition caused by the accumulated products of the reaction, the values for 

the infected animals were well above those for the controls and did not tend to 
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fall to the extent found in G.D. estimations.

However, G.O.T. estimations as an aid to prognosis, suffer from the 

disadvantage that increases are not specific for liver damage (Boyd, 1962).

Increases in J.F.P. titres were seen in all infected animals. All 

showed a reaction by two weeks after infection but the more heavily infected 

animals reached their peak titre earlier. Thus sheep 44, 51, 55 and 56 gave 

a titre of 1:80 by three weeks after infection; sheep 41, 42 and 45, with 

lower infections, did not reach this titre until six weeks after infection; 

and sheep 50 until eight weeks after infection. In assays of sera from 

sheep with fluke burdens from 44 to 365 flukes a maximum titre was recorded 

between 6-12 weeks after infection and a reaction was still present 28 

weeks after infection. Thus correlation between the titre of the serum and 

fluke burden depends on the sampling time. Wikerhauser et al., (1961) 

commenting on the specificity of the qualitative test in cattle, showed 87 

(95.6%) out of 91 infected animals positive to the test but also found 13 

(18%) false positives out of 72 uninfected cattle.
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CHAPTER SIX 

DISCUSSION AND DESCRIPTION OF THE CHANGES IN SERUM 

GLOBULINS IN SHEEP WITH FASCIOLIASIS

The changes in serum total proteins, and in albumen and globulin 

concentrations due to acute fascioliasis have been described in chapter five. 

This chapter will be concerned mainly with the relative changes in the 

globulins.

Marrack and Hock (1949), Popper (1954) and Cornelius and Kaneko (1963) 

commenting on changes in serum proteins in liver disease, state that there is 

characteristically a fall in albumen and an increase in gamma globulin.

This finding has been confirmed in fascioliasis in rats (Thorpe, 1965), 

rabbits (Secreton and Bickel, 1960 and Sewell, 1961), cattle (Erlich et al., 

1960; Weinbren and Coyle, 1960; and Ross et al., 1966) and in sheep (Kona, 

1957; Ibrovic and Gall-Palla, 1959; Sinclair, 1962 and Ross, 1967a).

The reason for the increase in gamma globulin is not known. However, 

Cornelius and Kaneko (1963) state that it may partly represent an antibody 

reaction to infective organisms, or to autologous antibodies against broken 

down tissues. Popper (1954) suggests that the Kupffer cells are the source 

of the increased gamma globulin.

Although this increase in gamma globulin is well recognised, there is 

some disagreement in the literature about the changes in the alpha and beta 

globulins in fascioliasis. An increase in beta but no change in alpha 

globulin has been noted in rabbits (Secreton and Bickel, 1960 and Sewell, 

1961), sheep (Ibrovic and Gall-Palla, 1959,) and cattle (Erlich et al., 1960). 

However, an increase in alpha and no change in beta globulin has also been 

shown in cattle and sheep. Weinbren and Coyle (1960) showed a small increase 

in alpha globulin in Zebu cattle infected with Fasciola gigantica and Ross 
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et al., (1966) showed a rise in alpha globulin three weeks after infecting 

calves with 1,300 metacercariae of F. hepatica. A similar finding with 

F. hepatica in sheep was shown by Kona (1957).

On the other hand, Sinclair (1962) has shown an increase and Ross 

(1967a) a decrease, in both alpha and beta globulins.

Agar—gel electrophoresis

Using agar—gel electrophoresis, it was observed that there was an 

increase in serum globulin during infection with fascioliasis (Chapter 5). 

However it was difficult to determine the relative importance of the 

different components.

Chord! and Kagan (1964) and Tormo et al., (1967) using electrophoresis 

and Immunoelectrophoresis concluded that the elongated ’lozenge' shaped 

fraction on the negative electrode side of the origin is beta globulin. 

This was the area which showed the most marked increase during infection 

(plate 6.1). This seemed to be at variance with the findings of the 

previous workers, who state that it is the gamma fraction which is mostly 

increased. However, using Immunoelectrophoresis (plate 6.1) this large 

increase was shown to be a fast 7S gamma fraction which was migrating in the 

beta position (Peetom, 1963).

The alpha and beta globulin lines, which appear as sharp lines in 

immunoelectrophoresis of the pre-infection serum were thicker with the 

infected serum indicating that the globulin/antiglobulin reactions had gone

out of optimum proportions.



141

Plate 6.1. Electrophoresis and Immunoelectrophoresis 
of sera from sheep 44.

Pre-infection 
electrophoretogram.

Immunoelectrophoresis on 
pre- & 8 weeks post- 
infection sera.

Post-infection (8 weeks) 
electrophoretogram.

Gel filtration using Sephadex G-2OO

To investigate further the changes in serum proteins in fascioliasis, 

pre-infection and eight weeks post-infection sera from sheep 44, were 

examined by gel filtration on Sephadex G-200.

The buffer used was O.IM Tris (2-amino-2-Hydroxymethyl-propane-1.3-diol) 

HCI at H8 plus IM NaCI and 1:5000 sodium azide.
P

in preliminary trials, using a column of 2.5 cm. diameter and 45 cm. 

length with various flow rates and 3 ml. and 5 ml. samples of serum, poor 

separation of the protein components was achieved. However, using two
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similar columns connected in sequence with the same diameter but a total 

length of 145 cm. , and a 5 ml. sample of serum at a flow rate of 16.5 ml./ 

hour, a very good separation resulted (graph 6.1).

Aalund et al., (1965) showed the first peak of a sheep serum 

fractionation using Sephadex G-2OO to be macroglobulin, the second peak to be 

mostly 7S globulin with a small amount of 4S globulin and the third peak to 

be mostly albumen.

As can be seen from graph 6.1, there was a marked increase in the size 

of the second peak confirming the result of the immunoelectrophoresis study, 

that the major increase in globulin due to fascioliasis is in the 7S gamma 

fraction.

The effluent from the gel-filtration of the infected serum was collected 

in 5 ml. amounts using an LKB automatic fraction collector (Radi Rac, 

Stockholm).
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J.F.P. tests on sephadex fractions

To use the J.F.P. test on the fractions obtained from gel-filtration of 

the infected serum, it was first necessary to dialyse them against several 

ochanges of Tyrode s solution. This was done over three days at 10 C using a 

total of 200 - 300 ml. of Tyrode's solution per 5 ml. fraction.

Negative serum and antibiotics were added to the fractions as in the 

standard J.F.P. method. The results are shown in graph 6.1. There was 

J.F.P. antibody in both the macroglobulin and the 7S peaks but none in the 

albumen peak. The antibody titre peaks tallied with the Sephadex peaks and 

the peak was one double dilution greater in the macroglobulin fractions than 

in the 7S fractions. This was surprising, as on Sephadex G-200, the macro

globulin peak of the pre-infection and the post-infection sera were almost 

identical. It would appear, therefore, that there are both 7S and macro

globulin J.F.P. antibodies in post-infection serum. 

Electrophoresis of Sephadex fractions

Separate pooled samples were made from the 7S and the macroglobulin 

fractions. The samples were concentrated in dialysis tubing, to about one 

third of the volume, using dilute polyethylene glycol. The results of agar

gel electrophoretograms of the concentrated samples are shown in plate 6.2., 

with autologous serum run in the duplicate wells for comparison. The 7S 

fraction migrated in the beta position and the macroglobulin, migrated in 

both the alpha and beta positions.
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7S fraction

Macroglobulin fraction

Plate 6.2. Agar-gel electrophoretograms 
of Sephadex fractions compared with 
autologous serum.

Results of agar-gel electrophoresis on sera from sheep with acute fascioliasis

The results in table 6.1 have been obtained from chromoscan tracings of 

stained serum electrophoretograms and total serum protein estimations on the 

same sera. Graph 6.2a and b. , show such chromoscan tracings of serum from 

sheep 44, pre-infection and eight weeks after infection.
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Chromoscan recordings of 
patterns from sheep 44 

stained serum agargel electrophoretic

Graph 6.2a
Before infection

Globulins Albumin

Graph 6.2b
8 Weeks after infection
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The globulin which shows the major increase after infection has been 

labelled beta/gamma because of the inability to distinguish the beta and 

gamma components (table 6.1 & graph 6.2).

TABLE 6.1

Changes in serum globulins due to infection with Fascioliasis

The differences between the beta/gamma components were significant at

Sheep - 
No.

Alpha globulin gm.% Beta/gamma globulins gm.%

Pre-infection 6-8 weeks 
post-infection

Pre-infection
6—8 weeks 

post-infection

41 1.47 1.37 2.31 4.75
42 1.04 1.39 2.07 5.40
44 1.07 1.18 2.20 6.21
45 1.12 2.12 2.51 5.96
50 1.91 1.91 3.53 4.02
51 1.67 1.10 2.97 6.06
55 1.57 1.63 3.06 4.79
56 1.19 1.20 1.88 3.17

Mean 1.38 1.53 2.56 5.04

± s.d. ±0.30 ±0.36 ±0.56 ±1.02

p ^0.01, but those for the alpha globulins were not significant, as

shown by the Student's t test.

Pre-infection sera have been compared with 6-8 weeks infected sera 

because by 6 - 8 weeks after infection serum globulins have reached their 

maximum amount (Chapter 5). As well as a large increase in the beta/gamma 

component, there was a slight increase in the alpha component in most of the 

sheep. The increase in the beta/gamma was significant, however the increase 

in the alpha globulin was not significant (table 6.1). The increase in the 

beta/gamma fraction was probably mostly gamma globulin but may have also 

contained a slight increase in beta globulin.
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APPENDIX TABLE 1 HAEMATOLOGY RESULTS FROM EXPERIMENT 1
WEEKS POST INFECTION

SHEEP
No. PREINFECHON -

1 2 3 4 5 6 7 8 9 IO 11 12 13 14

packed Cell 41 41 40 38 38 37 34 32 30 29 27 25 20.5 19 20 19 16.5

volume (%) 42
43

37
36

39
35

36.5 
36

36
30.5

36
34

36
31

35
32

31
36

30
34

27
33

20. 5
30 30 31 30 28

44 37 37 34 32 31 30 29 27.5 21.5 17
16.5

45 37 38 35 33.5 34 31.5 29 29 29 29 26 24 24 20 20

46 35 36 33 30 33 32 30 35 32 32 30 31.5 37 28 30

Red Cells 41 13.26 12.84 11.30 11.88 11.70 9.84 8.68 8.68 8.44 7.64 6. 16 5.52 5.50 5.92 5.04

(mlllion/c.mm) 42
43

11.04
11.38

11.34
10.88

10.84
10.40

10.82
9.72

10.48
10.52

9.88
9.44

8.90
10.48

8.70
9.74

7.46
9.44 8.78 8.54 9. 12 8.44 8.26

44
45
46

10.88
11.56
11.12

10.46
11.10
11.64

10.38
9.92

10.70

9.76
11.08
9.92

8.88
10.54
10.60

-
8.40
8.96
9.92

7.64
8.98

10.94

5.92
8. IO
9.78

4.48
8.32
9.42

7.30
9.68

6.92
9.82

7.06
10.74

5.90
8.80

5.64
9.72

4.51

Haemoglobin 
(g./lOO ml)

41
42
43

12.8

10.8

13.2
13.5
11.6

12.3
12.6
12.3

12.5
11.9
10.7

11.8
11.8
11.5

9.8
9.8

10.5

9.5 
H.l 
10.1

9.0 
11.1 
H.9

8.8
8.5

11.2

9.5
8.3

10. 1

8.0
6.2
9.7

6.3

9.7

6.2

10.0

6.6

10.9

6.2

9.2

5.4

44
45
46

11.7

10.8

12.2
12.8
11.9

11.1
10.5

10.7
11.3
10.1

10.0

10.8

IO. 1 
10.8

8.9
9.2
9.3

8.9
9.7

12.1
9. 1

10.0

4.6
9.6
9.8

8.8
9.7

7.2
9.6

7.9
11.2

6.6
8.8

6.2
10.2

5.4

Mean corpuscular 41 30.9 31.2 33.6 32.0 31.6 - 32.5
35 4

34.6
34.8

33.4
34.5

32.0
36.2

32.7
34.6

33.3 34.4 36.4 32.1 32.7

volume (c.^i) 42 33.5
31.6

34.3
32.2 34.6 31.4 32.4 - 33.9 34.5 34.9 35.0 34.2 35.1 34.0 35.5 33.9

44
45
46

34.0
32.0
31.5

35.4
34.2
30.9

32.8
35.3
30.8

32.8
30.2
30.2

35.0
32.3
31.1

-
34.6
32.7
30.2

36.0 
32.3

32

36.3
35.8
32.7

38.0
34.9 

34
35.6

31
34.7
32.1

34.0
34.5

33.9
31.8

35.5
30.9

36.6

Mean corpuscular 41 9.6 10.2 10.8 10.5 10.0 - 9.6
11.2

10.3
12.5

IO. 1
9.7

11.2
11.1

10.4
10.6

10.2 H.2 12.0 10.4 10.7

haemoglobin (p^ig) 42
43
44
45
46

10.0
9.4

10.8
9.9
9.7

11.8 
10.6 
H.7 
H.5 
10.2

11.8
11.0 
H.2
9.8

11.0
11.0
10.1
10.2

10.9
11.3
10.8
10.2

10.7
10.6
10.3
9.4

11.6
10.8
11.1

12.0
11.2
10.2

10.7
10.2
11.5
10.4

11.0

12.0
10.0

11.3

10.4
9.8

11.0

11.2
10.4

12.9

11.2
10.0

11. 1

H.O 
10.5

11.9

Mean corpuscular 
haemoglobin 

concentration (%

41
42
43

31.2
30.0
30.0

33.0
34.6
33,1

32.4
34.5
34.2

32.9
33.1
35.1

31.9
32.8
33.8

28.8
27.2
34.8

29.7
31.7
31.6
30 7

30.0
35.8
33.1
32.4

30.3
28. 3
32.9
33.0

35.2
30.7
30.6
27.0

32.0
30.2
32.3

30.7

32.3

32.6

32.3

33.0

36.3

32.6

32.8

32.7

44
45
46

31.6
30.8
30.9

33.0
33.7
33.1

33.5
31.7
31.8

33.7
33.7

33.5
32.7

34.3
35.6

31.7
31.0

33.4
34.6

31.4
31.3

33.1
30.6

33.8
32.3

30.0
30.5

32.9
30.3

33.0
31.4

31.0
34.0

32.7

Eosinophils (c.nun 41
42
43
44
45
46

160 
280 
120 
HO
106
350

55 
170 
155
80 
45

185

440
250
95 

510 
285 
260

1355
805
270

2430
905
235

1125 
1415
495 

3595 
1570
320

1315 
2925

500
3515
1475
210

1720 
2445

385
1990
1465

503

1850 
1900

310 
2190 
1830

380

1400
2600

570
1990
2460

410

1230 
2620

195 
1730 
1845
445

1720
2065

205

2350
395

2030

185

3035
260

1860

280

2240
180

1200

180

2325
190

2390

175

2015
185

505

1920



APPENDIX TABLE JI RESULTS FROM EXPERIMENT 1

NR No reaction to J.F.P, test

SHEEP 
No. PREINFECT ION

WEEKS POST INFECTION

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Serum Iron 41 209 181 209 250 194 236 250 209 170 140 194 56 42 69 69 28
(pg/lOO ml) 42 111 97 111 111 97 170 250 170 278 250 236

43 219 203 187 125 172 203 203 187 172 141 203 156 187 156 109
44 140 125 181 140 125 236 250 194 181 140
45 156 187 219 312 172 266 187 203 203 156 266 156 266 234 203 250
46 125 109 156 156 125 203 141 94 203 187 203 187 172 172 125

Glutamic 41 5 4 7 40 89 72 40 30 31 37 22 21 19 12 16 30
Dehydrogenase 42 6 8 2 14 46 70 23 25 23 25 27
Qimoles/litre/ 43 7 10 2 6 6 7 13 12 14 14 8 5 12 14 22
min. Lm&) 44 7 10 12 54 115 85 51 39 18 19

45 7 8 4 19 70 74 63 65 68 56 40 33 33 14 17 31
46 7 12 10 10 7 IO 0 7 2 0 5 5 7 2 21

Serum glutamic 41 34 35 18 53 41 106 141 97 38 34 25 78 • 73 81 122 147
oxalacetic 42 41 29 21 28 62 117 78 72 60 78
transaminase 43 35 38 35 34 34 34 35 22 29 28 22 34 21 26 25
^imoles/litre/ 44 37 26 22 78 173 206 141 162 185 147
min. i,usj 45 34 21 25 41 66 140 91 81 81 53 73 84 65 48 48 63

46 28 44 21 21 15 21 18 16 21 25 15 35 41 26 24

Serum 41 8.8 8.4 7.2 8.5 8.2 8. 1 11.0 11.2 10.2 9.7 8.0 13.5 11.7 10.4 10.4 9.6
Total protein 42 6.6 6.9 6.5 7. 1 7.6 9.6 7.7 11.8 9.9 10.7 14.8
Gm % 43 9.0 9.0 8.5 7.7 8.2 8. 5 7. 1 8.8 7.4 7. 1 6.9 8.2 8.0 8.2 7,7

44 7.3 7. 1 6.6 7.4 8.8 8. 1 10.6 8.8 11.8 10.7
45 8.9 9.3 6.7 7.4 8.8 9.6 11.2 11.2 11.8 9.9 11.7 12. 1 12. 1 11.2 12.2 11.2
46 8.0 7.7 7.5 6. 1 6.3 6. 9 6.6 7.5 6.2 6.6 6.5 7.5 7.7 8.0 7.5

B.S.P. 41 3.9 4.8 10 1 21.5 24.9 14.3 14.5 19.5 24.4 21 5 13.0 16 5 14.2

Half clearance 42 3. 1 2.6 10. 3 19.7 14.7 12.7 u.o 15.3

time (mins.) 43 5. 1 3.1 3.9 4.9 6. 1 6.7 6.6 8.2 7.3 11.5 116

44 3.1 2.6 12. 7 13.6 15.3 18.5 12.3
45 4.8 2.2 6.5 6. 1 4.8 7.2 8.7 9. 1 10. 1 13.3 12 2 13.4 13.2

46 3.5 2.4 3.4 2.9 3.5 6.2 7.0 6.7 6.5 6.7 6.5

J.F.P. titre 41 NR NR NR 20 40 40 80 80 40 80 40 160 40 40 80 80

42 NR NR NR IO 40 40 40 80 80 80 40
43 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

44 NR NR 5 20 80 80 80 80 80 160
45 NR NR NR IO 20 40 40 80 40 80 160 80 80 80 80 40

46 ] NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR



APPENDIX TABLE 111 RESULTS FROM EXPERIMENT 11

NR No reaction to J.F.P. test

ANIMAL 
No. PREINFECTION

WEEKS POST INFECTION

1 2 3 45678 9 10 11 12

Packed Cell 
volume (%)

50
51
52

41 37
41 36
39 35

37 35.5 35 36 29 28.5 29.5 29.5 29 30 28 29
33 34 32.5 30 25 25 23 20

33.5 34.5 36 36 31.5 30 31 34 33.5 33.5 34.5 33

Red Cells 
(millione/c.mm)

50
51
52

12.88 10.82
12.46 10.70
12.62 11.12

9.74
9.42 2.32

11.44

Haemoglobin 
(G/100 ml.)

50
51
52

13.0 12.0
12.7 11.8
12.4 11.5

10.4
9.4 5.7

11.1

Mean corpuscular 
volume (c.p)

50
51
52

31.8 34.1
34.0 33.6
30.9 31.5

35.9 ______ _
34.5 [86-2 |
31.5

Mean corpuscular 
haemoglobin (^ig.)

50
51
52

10.0 11.1
10.1 11.0
9.8 10.3

10.7 ।-------—,
10,0 1 24 5 1
9.7

Mean corpuscular 
haemoglobin 
concentration (%)

50
51
52

31.7 32.4
31.0 32.8
31.8 32.9

29.7 ,-----------j
28.9 | 28.5 1
30.8 --------- 1

White Cells (c.mm) 50
51
52

7100 8100
4400 6200
7000 6800

7200
6100
4600

Eosinophils (c.mm) 50
51 
5?

290 40
170 130
240 100

1330 
1810

100

Serum
Total protein 
(g/100 ml.)

50
51
52

9.8
9.0
8.0

94 8.8 9.8 9.5 9.2 10.0 10.0 9.8 10.3 11.8 12.4 12.9
7 2 8.3 10.0 11.1 10.5 11.4 9.5 10.0
8’2 7.5 9.8 9.0 9.2 9.2 8.5 8.6 9.9 9.4 10.3 9.1

Serum glutamic 
dehydrogenase 
(umoles/litre/ 
min. ius.)

50
51
52

13 5
5 19
2 14

13 14 12 11 56 53 68 68 80 65 63 79
11 27 58 51 40 21 27 •

5 11 14 11 7 8 10 12 5 12 6

Serum glutamic 
oxalacetic 
transaminase 
(u moles/litre/ 
min. ius.)

50
51
52

62 68
82 69
81 50

50 52 76 117 1O1 122 129 200 232 294 162 150
43 88 162 206 156 135 113 *
62 65 65 84 59 50 62 69 59 62 65 59

.J.F.P. titre
50
51
52

NR NR
NR NR
NR NR

NR 5 io 20 IO IO 40 80 80 40 80 80
20 80 160 80 80 160 160 80
NR NB NR NR NR NR NR NR NR NR NR NR



APPENDIX TABLE jV RESULTS FROM EXPERIMENT 111

ANIMAL 
No. PREINFECTION

WEEKS POST INFECTION

1 2 3 4 5 6 7 8 9

Packed Cell 
volume (%)

53
54
55
56

34
37
36
35

31
32
33
33

32
33
32
30

35
35

32.5
31.5

32.5
35
33

29.5

36
37
33
30

34
35
31
34

33
34

29. 5
27.5

36
35
27

♦25

34
34

23.5

35
37

Red Cells 
(millions/c.mm)

53
54
55
56

9.26 
10.90 
10.28 
10.30

9.44
10.58
11.44
10.88

10.96
13.00
14.20
14.28

++ 9.75
++ 9.32 ++♦9.38

11.26
10.72
7. 10

Haemoglobin 
(G/100 ml.)

53
54
55
56

10.3
11.5
11.2
11.5

8.9
10.3
10.6
10.9

10.0 
n.o
10.0
8.8

10.8
9. 1 *8.0

10.5
11.4
6.8

Mean corpuscular 
volume (c.p)

53
54
55
56

36.7
33.9
35.0
34.0

32.8
30.2
28.9
30.3

29.7
26.9
23.3
20.7

30.3
29.6 *26.6

30. 1
31.7
33. 1

Mean corpuscular 
haemoglobin C^pg.)

53
54
55
56

11.1
10.6
10.9
11.2

9.4
9.7
9.3

10.0

9.1
8.5
7. 1
6.2

11. 1
9.8 ♦ 8.5

9.3
10.6
9.6

Mean corpuscular 
haemoglobin 
concentration (%)

53
54
55
56

30.3
31.1
31.1
32.9

28.7
32.2
32. 1
33.0

30.8
31.4
30.3
29.8

36.6
33. 1 ♦ 32.0

30. 9
33. 5
28.9

White Cells (c.mm) 53
54
55
56

8400
7000
7900
9500

9700
7000

13400
11200

6900
7400
9000
9900 ♦7200

Eosinophils (c.mm) 53
54
55
56

60
50
70
80

40
60
20
70

30
90 

1590 
1190

Serum
Total protein 
(g/100 ml)

53
54
55
56

9.8
9.0
9.0
7.5

10.0
7. 7
8. 2
7.0

9.0
8.8
8.0
8. 1

8.6
8.7
9.4
9.6

9.5
9.4

10.9
7.6

9.8
9. 1

11.4
7.2

10.2
9.6

12.6
7.2

9.8
8.4

11.2

8.6
9.5

10.2

8. 5
8.6

Serum glutamic 
dehydrogenase 

moles/litre/ 
min. iusj

53
54
55
56

- 2
14
12
13

6
7

11
10

5
7

12
12

6
10
39
64

16
12
77
59

16
5

83
64

7
5

65
34

13
2

63
27

5
13
47

1
5

39

12
6

Serum glutamic 
oxalacetic 
transaminase 

moles/litre/ 
min. ius.)

53
54
55
56

72
63
59
60

68
50
44
75

75
69
65
48

72
66

113
88

59
57

206
150

69
62

206
140

79
65

211
167

68
65

185
206

72
46

200

65
56

232

68
66

J.F.P. titre
53
54
55
56

NR 
NR
NR 
NR

NR 
NR 
NR 
NR

NR 
NR
NR 
10

NR 
NR
10

160

NR
NR 
80
80

NR 
NR
80 

160

NR
NR
80
80

NR 
NR 

160
80

NR
NR

160

NR
NR

160

NR 
NR

* Observations on Sheep No. 56, 43 days after infection (i.e. 6 weeks and 1 day) 
++ Red Cell counts done by manual method of Dacie and Lewis (1963)
NR No reaction to J.F.P. test




