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summary

This thesis was concerned with the study of gut

immunity to an intestinal trematode. The parasite used was
the strigeid Diplostomum phoxini. Adult D, phoxini normally
parasitise the intestine of fish eating birds, but will
readily establish and reach sexual maturity in laboratory
infected mice. After reaching sexual maturity in about 4
days, the worms are lost shortly afterwards, and there is
strong evidence that this loss is immunologically mediated
by the host. The aims of this thesis were to establish the
kinetics of the infection in mice and to investigate aspects

of the immune response of the host to the parasite.

The first chapnter was concerned with the kinetics of
establishment and rejection of both a primary and secondary
infection of D, phoxini. The kinetics of heavy (200
metacercariae) and light (20 metacercariae) infections were
compared in an attemot to economise on the number of parasites
required, especially with regards to immunization schedules.
Results showed that in NIH mice, at least 80% of the
administered worms would establish in the intestine. This
worm ponulation remained stable until rejection, the onset
of which was related to the level of infection, i.e. heavy worm
burdens were expelled earlier than light infections. 'he
most important experimemt with regards to immunity was the
demonstration that a secondary infection was exvelled earlier
than a primary infection, showing that loss was probably

immunologically mediated and that ‘memory cells® were

established as a result of a primary infection in a mouse.
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The remaining chaonters were concerned with aspects of

the response of the host to the infection. GChapter 2 dealt

with the lymphocyte resvonse and it was shown that high
rates of cell division occurred in the mesenteric lymph node

during infection. The blast cells were probably responsible

for the successful transfer of adontive immunity because
cells recovered from donors after blast activity had declined
eg. day 12 immune mesenteric lymph node cells, could not
transfer immunity. Interestingly, enriched B cell
vooulations were also able to transfer a significant degree

of protection, but they were still contaminated with T cells.,

The third chanter was concerned with the antibody
response. The successful transfer of passive protection was
achieved with secondary immune serum, but not with primary

immune serum, although the former was not as efficient as the
immune mesenteric lymoh node cells in accelerating rejection.
Circulating antibody titre was measured by an enzyme-linked
immunosorbent assay and increased titers were recorded

during infection with higher titers during a secondary

infection., An indirect fluorescent antibody test using

living D. phoxini as target antigen subsequently showed that
most of this antibody was IgG with some IgM.

The presence of antibody on the tegument of the worms
was investigated by direct fluorescence. This was carried
out as it is reasonable to assume that if antibody has any
direct effect on the worm, then this is likely to be directed
against the tegument. The presence of IgA, IgG and IgM was
recorded and the evidence suggested that at least the IgG and
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IgM was specific anti worm antibody.

The final chapter was concerned with the non-specific
responses of the mouse. The intra epithellal globule
leukocyte, lamina proporia mast cell and goblet cell resvponse
to infection was investigated. Both the intra epithelial
globule leukocytes and lamina proporia mast cells increased
in numbers in response to infection, with the greatest
resnonse obserﬁed in the intra epithelial globule leukocyte
vooulation. No increase in goblet cell numbers was observed.
The transfer of immune mesenteric lymph node cells in the
presence of D. phoxini also accelerated the increase in the
intra epithelial globule leukocyte and lamina proporia mast
cell populations which suggests that these cells may be

under lymphocyte control.

Finally the results of the experiments on D. phoxini

were discussed in relation to the more well known, but still

far from well understood, nematode and cestode models.
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GENERAL INTRODUCTION



The work involved in this thesis was undertaken to

study the intestinal immune responses of mice to an intestinal

lumen dwelling trematode.

Very little work has been done on intestinal lumen
dwelling trematodes. This is because in general, intestinal
trematodes, although common parasites of man and other mammals
as well as other vertebrates, are of much less importance than

blood and liver trematodes.

The blood trematodes, schistosomes for instance, have
been recorded as infecting 125 million people in 1972 (wright,
1972), and between 200 and 300 million people at present .
(Butterworth, address R.S.T.M. Scot. 1983). Almost certainly

this represents a real increase in incidence associated with
the spread of irrigation and the failure of snail control and
chemotherapy to contain the disease. Intensive investigations
into snail control and the discovery of more effective and
better tolerafed schistosomacides continue, and these are still
the only effective form of control, but the possibility still
exists that an anti-schistosome vaccine could be produced.
Prospects for vaccines against helminths tend to ‘'ebb and flow!'
but the development of monoclonal antibody techniéues
permitting the identification of specific antigens has caused
the vaccine tide to flow in recent years.

Whether the study of the immune response against an

intestinal trematode will be of relevance to schistosome
immunity is just not known, on balance probably not, as the

effector cells of the host's attack are almost certainly



different. This is possibly reflected in the fact that the
tegument of an intestinal fluke is the normal trilaminate
membrane, not the‘heptalaminate of the blood fluke (McLaren,
1980)., Nevertheless, study of an intestinal fluke/mammal

model is of great importance, not only as a biological
phenomenon but (i) it should increase our general understanding
of the way the intestine limits worm infections and (ii) the
results would be of specific interest to medical and . '
veterinary staff investigating intestinal trematode infections

like Pasciolopsis buski, Heterophyes heterophyes, Metagonimus
yokogawai and various echinostomes which occur in both man and

his domestic animals. There is very little information on
immunity to these parasites (Muller, 1975) although Christensen

et al (1981) have done some work on resistance to Echinostoma

revolutum in Schistosoma spp. infected mice, These authors

showed that schistosomes induced complete cross resistance to

E. revolutum.

The majority of work on gut immunity to parasites has

been done on nematodes such as Nippostrongylus brasiliensis,
ichinella iralis, Trichuris muris, Nematospiroides dubius

and others. Also much work has been done on the response of

the gut to infection with cestodes such as Hymenolepis diminuta.

There are several reasons for using these parasites in
gut immunology studies. The parasites can be easily maintained
in the laboratory, and aré therefore convenient to use. they
also provide excellent models for the study of diseases of

humans and domestic animals such as trichinosis and trichuriasis

under contirolled laboratory conditions. Similarily they



provide good models for the study of gut responses to

infection. Also, there is a large volume of literature on

these parasites to provide excellent background information.

This thesis attempts to investigate the expression of
immunity to an intestinal dwelling trematode. The work

attemptis to investigate how the mammalian gut brings about
expulsion of the trematode and compares the mechanism of

expulsion with known nematode and cestode models.

The parasite used in the present study is the strigeid
Diplostomum phoxini. Adult D. phoxini occur in the intestine

of fish eating birds. The life cycle of D, phoxini was
demonstrated by Arvy and Buttner (1954) and by Rees (1955;

1957)s It is a complex life cycle involving two intermediate
hosts. The first intermediate host in Prance is the snail

lymnea auricularia (L) (Arvy and Buttner, 1954) but in Wales
it 1s lymnea peregra var.ovata (Rees, 1957). In Glasgow,

Berrie (1960a) found Lymnea peregra to be the intermediate
host. The second intermediate host in Britain is the minnow

Phoxinus phoxinus. The metacercariae are located in the brain.

Adult D, phoxini have been recovered from experimentally
infected ducks (Rees, 1955; _Berrie, 1960;). Berrie (1960a )
showed that the worms grew to a greater size in gulls than in
other hosts, but of significance to the present study is that

he managed to recover fully mature adults producing eggs and

mature sperm from mice.

Extensive histochemical, light and electron microscopic



investigations have also been carried out on the nature of
the host-parasite interface, especially the role of the

pseudosuckers and holdfast organ (Lee, 1962; Erasmus, 1969,
1970b and 19704). '

Both Lee‘'s and BErasmus‘’ work suggests that the host-

parasite interface be tween D phoxin and the intestine wall
is very close. Erasmus (1969) states "that there seems to
be little doubt that attachment to the host tissue is
muscular and that close host-parasite contact occurs in the
region of the lappet™. He also recognised the existence of
three host-parasite interfaces, (a) the general tegument,

(b) that covering the adhesive organ and (c) the lappets

which are paired glandomuscular complexes.

Ohman (1965) working with Diplostomum spathaceum in
gulls recorded some lysis of host epithelium where the lappets

were attached and in the vicinity of the ventral sucker and
adhesive organ. Probably similar damage occurs to the mouse

intestine where D. phoxini is attached.

Erasmus (1970b) demonstrated the presence of spines on

the sides of the adhesive organ in D. phoxini although the

surface of the organ is devoid of spines. These spines could

produce considerable erosion of host tissue.

Various enzymes have been demonstrated in the adhesive

organ, forebody gland cells and lappet cells in both D.
phoxini and D. spathaceum by Lee (1962) and Ohman (1965)

reSpectively; They demonstrated the presence of esterases,



acid phosphatase and alkaline phosphatase but neither worker

could demonstrate the presence of proteolytic enzymes. Ohman

(1965) also demonstrated the secretion to the exterior of

acid phosphatase and esterase in D. spathaceum. The function
of these enzymes in the parasites'are unknown, as is their

effect on the host gut. However as the secretion of these
proteins has been demonstrated, it is possible that they could

be absorbed by the host, providing a source of parasite antigen.

Host epithelial tissue could be disrupted by both
enzyme and mechanical means. This damage could result in
another pathway for antigen uptake by the host as well as by
the normal antigen sampling routes of the gut, the Peyers
patches and the membranous epithelial cells (M-cells) covering

the Peyers patches (Walker, 198l1). and possibly across or

between normal columnar epithelium.

Together with the light and electron microscopy and

histochemical studies, further work has been done on the

development of D, phoxini both in vivo, in the domestic duck

as _boschas domestica, and in vitro using different culture
media (Bell and Hopkins, 1956; Bell and Smyth, 1958), and

attempts to replace the yolk constituent with synthetic media
composed of serum and amino acids (Wyllie, williams and
Hopkins, 1960). The most satisfactory medium found so far

for the in vitro development of D. phoxini is a egg yolk/
albumen/yeast extract which providesia medium of a consistency
suitable for ready ingestion by the worm (Kannangara and
Smyth, l97h). Metacercariae of D, phoxini can also be stored
in vitro in NCTC_135 at hoc for at least 2 months without loss

of viability (Kannangara and Smyth, 1974).



These combined studies provide a useful basic

framework of knowledge about the parasite.

In the following work, the kinetics of the D. phoxini -
mouse model were first investigated to confirm the'résults of
Mawdsley (1983). It is important to establish the kinetics
of both pfimary (l°) and secondary (2°) infections to allow

further work on characterising the immune response.

After establishing the kinetics of the host-parasite
relationship, the response of 1lymphocytes, especially the
immune mesenteric lymph node cells (IMLNC), using cell
transfer, cell fractionation and cell division assay techniques,
during infection was investigated. The response of antibody,

both in serum and on the tegument of the worm was studied to

de termine if antibody was involved in the expulsion mechanism

of the parasite.

Finally an investigation of histological changes in

the small intestine during infection was undertaken with
emphasis on the response of goblet cells (GC) and mucosal mast

cells (MMC) to the presence of the worm.

The possible role, if any, and interaction of these
effector mechanisms in the exoulsion of D. phoxini 1is
discussed. The results are also discussed and compared in

relation to the better known, but still far from well understood

enteral responses to nematodes and cestodes.



GENERAL MATERTALS AND METHODS




The majority of experiments were carried out on
inbred NIH mice. These were bred in the wellcome
Laboratories and maintained under conventional animal

house conditiqns.

The CBH'and C57 mice used in some experiments were

bred and maintained as above,.

In one experiment NIH mice were obtained from Hacking

and Churchill Ltd.

Fish

Minnows, Phoxinus phoxinus were obtained from Mugdock

and Craigmaddie reservoirs near Glasgow. The fish were
maintained in a large covered agquarium outzide. This was

mroughout the

provided with copper free running water.

Winter the minnows were fed once a week with dried Daphnia.

Parasite

Obtaining metacercariae and infecting mice

The metacercariae were obtained from the brains of
minnows. The brain was removed and placed in modified Hanks

balanced salt solution (HBSS) at room temperature. The
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metacercariae were then dissected out, and the required
number for infecting one mouse were counted into a

watchglass,

Before infecting, mice were starved overnight on

wire grid floor cages, but were provided with water.

The metacercariae were administered by stomach tube.
This apparatus was composed of a 1.0 ml plastic syringe
with a 25 G 5/8" needle connected to an appropriate
polythene tubing (Portex Ltd). The tubing was at least 60 cm

long, allowing sufficient length to prevent the metacercariae

from entering the syringe.

The parasites were administered in a volume of 0.2 ml

of HBSS while the mouse was under light ether anaesthesia.

Recovery of adult worms

Mice were killed by an overdose of ether vapour.
Starting at the pyloric end, the small intestine was removed
and placed on a 30 cm plastic ruler. This prevented
shrinkage by contraction. The anterior 20 cm of the small
intestine was cut into four 5 cm sections. Each section was
placed in a 5 cm glass petri dish containing HBSS at 3700.

Each section was opened longituidinally and incubated at
37°C for 1 hour.

After incubation the majority of worms could be

collected from the bottom of the petri dish. The gut was
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‘however shaken vigorously to free any worms remaining on

the gut.

In early experiments mucosal scranings were carried

out after incubation. Usually no worms were recovered

suggesting that incubation was successful in recovering

the worms. Gut scrapings were therefore stopped.
2) anthelmintic

Mice were routinely treated with piverazine citrate
(Citrazine, J. M. Loveridge Ltd) at 3 g/l in their drinking
water for two weeks and then given normal drinking water

for a week before being used in experiments. This was to

remove any nematodes which may be present.

3) Preparation of cell suspensions

The appropriate organ (mesenteric lymph node, thymus

or spleen) was removed from the mouse, cleaned of fat and

placed in plastic test tubes containing cold (4°C) HBSS

and kept on ice. The organs were placed in nylon sieves,
diced with scissors and squeezed through the fine mesh nylon
sieve with a 5 ml syringe stopper. The cells were squeezed
into a 10 cm plastic petri dish containing medium 199 (M199)
(Gibco, Europe) with L-glutamine and Hepes buffer (25 mM),
supplemented with 5%=§/# heat inactivated foetal calf serum
(Gibco, Europe) and 10 i.u./ml of heparin (B.D.H. Chemicals
Ltd). The debris was allowed to settle for § minutes, the

supernatant was then removed, and centrifuged at 200 g for
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5 minutes. The cells were resuspended in a known volume

of fresh medium. Cell viability was tested using the
Trypan blue dye exclusion test. One drop of the cell
suspension was mixed (1 in 20) with a 24 w/v solution of
Tryvan blue in HBSS, and the number of live cells counted
in a haemocytometer. The concentration of cells was then
adjusted to give the required number in a volume not

greater than 0.5 ml. The cells were injected intra-

peritoneally (i.p.).

4) Protein Assay

Protein content of crude antigen was measured by the

method of Schacterle and Pollack (1973) which is a modified
method of Lowry et al (1951),

A series of dilutions of the test antigen were
orepared. One ml of the alkaline copper reagent (see
solutionsj was mixed with 1.0 ml of the antigen sample and
the test tube was allowed to stand undisturbed for 10
minutes at room temperature. Four ml of the phenol working

solution (see solutions) was then added forcibly and rapidly
and the test tubes incubated in 2a water bath at 5500 for 5

minutes. They were then cooled rapidly in cold tap water for

1l minute. The results were read in a spectrophotometer at

650 n.m.

The standard used for calibration was Bovine serum

albumin, Fraction V (Sigma Chemical Co).
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5) Statistics

The students'® *'t' test was used to measure the
statistical significance of differénces between mean

values in results. P values< 0.05 were considered

significant.
6) solutions

Modified Hanks' Balanced Salt Solution (HBSS) (Hopkins and
Stallard, 1974)

The Hanks®' solution was modified by excluding glucose

and NaHCO3 and increasing the remaining salts to an osmotic

pressure of 300 m-osmole.

Solution 1
NaCl 168 g
KCL 8 g
KH PO, 2 g
Na,HPO, L g

0.02% Phenol red 200 ml

Made up to 2,0 1 with de-ionized water.

Solution 2

caClzt2H20 3:92.3
ng012.6H20 2.0 g

Made up to 2.0 1 with de-ionized water.




105 ml of solutions 1 and 2 were mixed and made up

to 1,0 1 with de-ionized water (final pH 7.2).

hosphate buffered saline (PBS, pH 7.2)

NaCl 9.0 g

Made up to 1.0 1 with distilled water.

Trypan blue

The stock solution, 2.0 g trypan blue (B.D.H.
Chemicals Ltd) was made up to 100 ml in distilled water

and diluted 1:20 in HBSS for use in the dye exclusion test
for cell viability.

Alkaline copper reagent

A solution of sodium hydroxide (0.5 N) containing
10% sodium carbonate, 0.l1% potassium hydrogen tartrate and
0.05% covoper sulphate. This reagent has been found to be
stable for at least 30 days at approximately 24°¢.

Phenol reagent

The Folin-Ciocaltea phenol reagent was obtained as
a 2 N solution (B.D.H. Chemicals Ltd), and diluted to 1 N
with distilled water. A working solution was prepared by

14
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making a 139 dilution (distilled water) of the 1 N solution.

The following reagents were used in the ELISA.

Wash buffer (PBS, pH 7.2)

To 1.0 1 of distilled water the following were added:

Na,HPO, (anhyad) 1.07 g
NaHzPou.ZHZO 0.39 g
NaCl 8.5 &

fween 20 0.05% v/v
Coating buffer (Carbonate - Bicarbonate, pH 9.6 )

The following were made up to 1.0 1 with distilled water.

Na2003 l.5 g
NaN3 0.2 g

The coating buffer should be kept at 4#°C and made fresh

every 2 weeks.

Diluting buffer

To the wash buffer add 0.25% w/v Bovine serum albumin
and 0,01% w/v NaN.




CHAPTER 1

THE DIPLOSTOMUM PHOXINI - MOUSE MODEL SYSTEM
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Introduction

It is of fundamental importance when investigating
any laboratory host - parasite relation to work out the
kinetics of infection. Once this is achieved one is able
to investigate and characterise the immune response further

by experimental manipulation.

The kinetics of the D, phoxini - NIH m*ouse system
have been investigated by Mawdsley (1983) who observed
that expulsion of a 200 metacercariae (m) primary (l°)
infection began on day 6 post infection (p.i.) and was
complete by day l1ll pei. A 20 m 1° infection however was
expelled later, rejection beginning after day 8 p.i. and
being complete by day 12 p.i. In both cases, the mice were

found to be fully immunized against a challenge infection
of 200 m. Mawdsley further demonstrated, that such a

challenge infection began to be expelled after day 2 p.i.
and was complete by day 5 p.i.

The following experiments were therefore designed to
(1) enable the author to gain experience in handling the
system, (ii) to determine whether the earlier work was

reproducable and (iii) to extend the scope of the earlier

experiments.

It is of importance to know the exact duration of a

1° infection so that one can measure the effect of different

treatments on expulsion eg. the adoptive transfer of '
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lymphocytes from previously infected mice. If expulsion of

a 1° infection cHuld begin earlier than day 6, (as some

preliminary experiments had suggested) it would make the

time difference between a 192 and a secondary (2°) response

very narrow. This would make it difficult to determine the
extent to which experimental treatments were having on
immunizing effects. It might be advantageous therefore to
develop a regime which would prolong the duration of a 1°
infection. This would allow greater time for exnerimental
manipulation during the infection and might make identification

of partially effective components of the immune response

eagier.

In the D. phoxini - mouse model there are several
possible ways of prolonging the duration of a 1° infection.
The two methods investigated were (i) by reducing the worm

burden and (ii) by using a different strain of mouse.

Several workers have shown that the rate of rejection

is related to the worm burden eg. Haley and Parker (1961)

using Nippostrongylus brasiliensis in rats (Quoted from
Ogilvie and Jones, 1971), Harris and Turton (1973) using

Hymenolepis diminuta in rats, Hopkins and Stallard (197%)

using Hymenolepis citelli in mice and Befus (1975) using
He diminuta in mice. A threshold level may exist in these

models below which worm rejection does not occur as shown

by wakelin (1973) in the Trichuris muris -~ mouse system.

Previous work carried out in this laboratory has
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shown that different strains of mice react differently to
the same parasite. Wakelin (1975b)showed that inbred NIH
showed less variation in worm burden and greater uniformity

in worm expulsion than random bred CFLP mice when infected

with ;I'- muris.

Wakelin also compared establishment and expulsion in
other inbred strains. He found that the ability to exvel
T. muris was common to all strains investigated except strain
DBA,, but the time at which expulsion took place was a strain

characteristic. Expulsion of T. muris from Q3H and C57 mice

commenced later than in NIH mice.

Two experiments were designed to compare the response

of NIH and 03H and NIH and C57 mice.

As the response to infection can vary between inbred
strains it was important to know whether the response could
vary within the strain, especially as the NIH were bred at
the laboratory (W.L.E.P.). This is important as it is known
that sublines of a strain gradually diverge due to
environmental factors or genetic segregation (PFesting, 1979).
Green (1953) showed that sublines of C3H even differed in

their number of lumbar vertebrae, either having 5 or 6, and

a few appeared asymmetrical.

A comparison of the primary resvonse of W.L.E.P. NIH

and NIH from a commercial suvplier was therefore done.

The loss of the 1° infection does not necessarily imply




20

that it is immunologically mediated. Hovokins (1980) states
"The single most important exveriment which indicates that
rejection is immunologically mediated is the demonstration
of memory". Immunological memory can be expressed in many

ways and has been demonstrated in most host parasite systems.

The most striking effect of immunological memory is
the faster rejection of an established (20) infection of the

homologous parasite as occurs with Trichostrongylus

colubriformis in guinea nigs (Gordon et al, 1960; Herlich,

1963), Trichuris muris in mice (wakelin, 1967), Trichinella

spiralis in mice (Wakelin and Lloyd, 1976; Alizadeh and

Wakelin, 1982), both Nipnostrongylus brasiliensis (Jarret gt
al, 1968) and strongyloides ratti in rats (Mogbel and Denham,

1977) and Apatemon gracilis minor in ducks (Blake, 1973).
Behnke and wakelin (1977) showed that challenge infections

of Nematospiroides dubius, a trichostrongyle nematode which
causes chronic infections in mice would be expelled if the

1° immunizing infection was terminated with anthelmintic.

In the H, diminuta - mouse system the most striking

effect of memory is the stunting of worm growth which occurs
(Hookins et al, 1972; Befus, 1975). Stunting of H. diminuta
2° infections also occurs in rats (Andreassen and Hopkins,
1980)., Roepstorff and Andreassen (1982) demonstrated the
faster rejection of a 20 infection of H. diminuta in C57 mice

but they used heavy worm burdens, i.e. 100 cysticercoids.

Stunting has also been observed in T. spiralis (Rapport
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and Wells, 1951), T. muris (wakelin, 1967), N. brasiliensis
(0gilvie and Hockley, 1968) and S. ratti (Mogbel and Denham,

1977).

In other host parasite models the 2° infection worms

fail to establish resulting in lower burdens as with

Fasciola hepatica in the rat (Hayes et al, 1972, 1973:
Rajasekariah and Howell, 1977), Strongyloides ratti (Mogbel
and Denham, 1977) and both Echinostoma revolutum (Sirag et

al, 1980) and N. dubius (Behnke and wakelin, 1977) in mice.

Perez et al (1974) and Sher et al (1974 a) showed
that fewer schistosomula of Schistosoma mansoni were
recovered from the lungs of immune rats and mice respectively
than from non-immunized controls.- They concluded that ‘a
significant amount of the schistosomula were eliminated in

the lungs or at an earlier point in the vpathway of migration’,

Immunological memory can also effect the parasite in
other ways. lLoss of fecundity has been demonstrated in 2°
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