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SUMMARY

The work presented in this thesis has shown
that in both NIH mice and Wistar rats the expulsion of

a primary infection with Trichinella spiralis occurs

towards the second week of infection. In mice the
expulsion is preceded by a movement of the worms from

their initial position in the anterior to the posterior

region of the small intestine.

“Challenge infections given shortly after the
expulsion of a primary infection (day 14) are expelled
rapidly, within 24 hours. ‘In mice rapid expulsion of a
challenge infection was a short-lived phenomenon

- (expressed only until day 16), but in rats the response
was expressed for at least 7 weeks after the primry
infection, Mice and rats showed differences in the
conditions (e.g. size and duration) of infection
necessary to prime for rapid expulsion, and also in their
ability to respond to priming with irradiated larvae.

The expression of the response, however, appeared to be
similar in both species., Rapid expulsion could also be
induced by drug abbreviated infections (3 days duration).
Two or more drug abbreviated infections with normal larvae

were necessary to induce rapid expulsion in mice, but the

LT [

fesponse then persisted for a prolonged period of time,.
One drug abbreviated infection was sufficient to induce

rapid expulsion in rats.
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The stage specificity of the induction and
expression of rapid expulsion was examined and it was
found that both larvae and adult worms were susceptible

to rapid expulsion induced by complete infection,

Complete infections of T, spiralis in both
NIH mice and Wistar rats resulted in increased levels
of mucosal mast cells and goblet cells. In mice the
numbers of both cell types rose sharply before worm
expulsion and remained at an increased level {for a short
period of time. In cbntrast,'in rats, the number of
goblet cells and mast cells increased during worm
expulsion and remained above control levels for a

prolonged period,

In mice given one drug abbreviated infection,
the numbers of intestinal mast cells were similar to that
of control (uninfected) mice, but after two or more drug
abbreviated infections, the numbers were 1increased
considerably, Exposure to a 7-~day infection resulted in
an increase in mast cells, but their numbérs then declined
very quickly, i.e. within a few days after drug treatment,

The mast cell responsé to a secondary (challenge)

infection was accelerated both in onset and magnitude,

In mice it was shown that rapid expulsion of

T. spiralis was a response evoked specifically by prior

infection with this species, priming provided by

'NematosEiroides dubius and Niggostrongxlus brasiliensis
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failed to induce rapid expulsion, Likewise priming with

T. spiralis did not induce rapid expulsion of these
species, although it was seen to affect a partial

expulsion of the related trichuroid nematode Trichuris

muris, It was concluded that either specific

inflammatory changes generated during a primary infection
result in environmental changes which are unsuitable for
the establishment of subsequent infections or that

challenge infections provide a stimulus that can provoke
an almost instantaneous response in the primed intestine,

The relationship of the observed cellular changes to such

mechanisms 1s discussed.,

Challenge infections were prevented {from
. establishing in immune mice and had no effect on homing

characteristics of injected immune MLNC, However, blast
cell activity appeared to increase in the MLN 1 day after
a challenge infection in immune mice, Subsequent
(tertiary) challenge infections given 1, 2 and 3 days
after an initial challenge (secondary) infection were
expelled rapidly from immune mice, but those given 7 days

after the initial challenge were not subject to rapid

expulsion,

Rapid expulsion was partially prevented by
_ prior irradiation or cortisone treatment and was
restored in irradiated mice by the adoptive transfer of

immune MLNC. Immune MILNC and a T cell enriched

population (but not a B cell enriched population) were
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able to transfer an accelerated mast cell response in
normal or irradiated mice and it was concluded that T
cells or their products may regulate the generation of
the mast cell response. The relationship between
transferred immune MLNC, the mast cell response and the
subsequent rapid expulsion response in irradiated mice
has been discussed. Slow responder mice (B10.G, C57/B10,
B10.BR, B10.D2) with the same genetic background but
carrying different H-2 haplotypes showed a delay in the
mast cell response when compared with rapid responder
mice (NIHhand DBAl) ., Immune MLNC from rapid (NIH) or
slow (B10.G) responder mice accelerated the mast cell
response 1in normal or irradiaéed recipient NIH mice but
had less effect in Bl0.G recipient mice. The role
".played by H-2-linked and non H-2-linked genes 1in
generating the mast cell response 1s discussed. Further
lines of research are suggested to investigate the origin
and control of mast cells and in particular, the

vasoactive amines which are released from these cells

during the infection of'mice with T. spiralis,
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GENERAL INTRODUCTION



GENERAL INTRODUCTION

Interest in the immunity of mammals to nematode

parasites is widespread and has focussed particularly on
pathogenic species of economic and medical importance to
man. Nematode parasites are responsible for a considerable#
proportion of human_helminth diseases such as bancroftian

filariasis, onchocerciasis, trichinellosis, trichuriasis,

ascariasis and strongyloidiasis which often have enormous

y

pathological effects on the host,

v

" Trichinella spiralis in particular has had a

considerable impact because of its medical and economic

importance as a parasite of man and his domestic animals,
as well as affecting wild animal populations, This
i parasite has also been establiéhed as a convenient
laboratory model for the study of immunity to gastro-

intestinal helminth infections in various laboratory

rodents (mice, rats, guinea pigs).

This parasite was first noted in man by Paget in
1835, but the first description in the literature, in the

same year, was by Owen (see Campbell, 1979).

T. spiralis is an unusual nematode parasite in

that all the larval and adult stages, which are both
enteral and parenteral, occur within the same host,

Because of the extremely rapid development of the parasite

from infective larva to the adult stage, it is difficult



to define the development in the intestine in terms of

larval stages. However, Ali-Khan (1966) has described
four larval stages and adult worms in the intestine.
It 1s known that infective larvae establish themselves in

the intestinal mucosa shortly after infection (Wright,
1979; Despommier, Sukhdeo and Meerovitch, 1978).
According to Despommier (1977) the infective larvae moult
four times within 56 hours and transform into immature

,» adult worms. The females are viviparous and larvae (the
so-called '"newborn larvae') afe released into the -~ S
intestine 5 or 6 days after infection. These newborn
larvae migrate to the mucosal lymphatic system and are

carried by the blood stream until they eventually lodge in

striated skeletal muscle tissue where they become

"~ encapsulated. The life span of these encapsulated larvae
is limited and depends ubon the host species, The
migrating newborn larvae and the larvae in the muscle
tissue are collectively known as the pafenteral stages
and although these stages unquestionably stimulate host
responses toltheir presence, these responses are considered
beyond the scope of the present study which deals exclusive-

ly with the immune responses of the host species to the

enteral stages of the parasite.

During the intestinal stages the host is exposed

wann-to a variety of antigens released by the parasites. The

antigens which induce the protective response have not been

characterized and although recent work (Phillipp, Parkhouse




and Ogilvie, 1980) has suégested that cuticular antigens
may be involved, earlier work (Despommier; 1977) implicated
antigens from stichocyte granules as being the functional
antigens. The latter supposition has more support in the
literature dealing with other nematode parasites, as
Jenkins and Wakelin (1977) bave found that stichocyte
secretions were effective at engendering immunity against

Trichuris muris in mice, and other workers (Jones and

, Ogilvie, 1972; Rothwell and Merrit, 1974) have suggested
that the functional -antigens of Nippostrongylus brasiliensis
and Trichostrongylus colubriformis are also associated with

ensyme secretions from particular glands,

The effective recognition of these antigens.
stimulates a host response which eventually results in worm
expulsion within 2-3 weeks of infection (depending on the

species). Some of the recorded effects on T. spiralis

* in infected rats or mice include drastic changes in
morphology (accumulation of lipid droplets in the gut cells
and tissues), decrease in egg production by the ovary,

/  reduction of fecundity and reduction of worm size (Love,

—

Ogilvie and McLaren, 1976; Fatunmbi, 1978; Kennedy and
Bruce, 1981).

A considerable amount of work has been done to

identify the mechanisms responsible for this protective

ot e Tl - W ey,
i -
[ ]

immunity, with conflicting results. There 1s evidence,
for example, that antibodies make a significant contribution

to the response. In rats the transfer of immune serum has
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resulted in passive protec;ion.against T. spiralis (Love
et al., 1976) and it has been suggested that IgA playcs an
important role in worm expulsion (Despommier, McGregor,
Crum and Carter, 1977). In mice ihere is some e#idence of
ant ibody linkeé passive transfer of immunity to suckling
young (Ducket, Denham and Nelson, 1972; Perry, 1974) and,

more recently, it has been reported that a combination of

IgGI and IgE effectively transfers protection against

L

#

T. éEiralis (Gabriel and Justus, 1979).

-The role of antibodies in the immune expulsion of
T, spiralis is, however, controversial. In some parasitic
infections it has been found that antibodies alone are not
capable of inducing worm expulsion and that for this to
"-occur other components are necessary (see Ogilvie and
Love, 1974; Wakelin,i1978a). The evidence suggests that
antiworm antibodies do nét cause worm expulsion directly,
but that they participate by interfering with worm
metabolism, thus rendering the worms susceptible to
subsequent effects of other components (cells) of the
protective response. In vitro studies have shown, f{for
example, that when larvae and adult worms of T. spiralis
are incubated in specific anti-Trichinella serum for 18

hours precipitates are found at the parasite orifices and

the cuticular surface (Kim and Ledbetter, 1981), Newborn

‘larvae are susceptible to attack by eosinophils and their

destruction required the presence of antibodies (Kazura

and Grove, 1978; Mackenzie, Preston and Ogilvie, 1978).
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However, the effects of the antiserum (presumably containing
T-dependent antibodies) may be mediated through the
stimulation of other components of the protective response.

In the N, brasiliensis/rat model, it was shown that an

increase in mucosal mast cell numbers occurs in recipients

of immune serum (Miller, 1979; Befus and Bienenstock, 1979).

{

It i1s possible that antibodies at the mucosal
surface participate in the protective response. Crandall
and Crandall (1972), for example, reported that the
immunocyte populatién 5f the intestinal mucosa of mice
showed a re{ative increase in IgM and 1gG, containing cells

during the second week after infection with T, spiralis,.

Such increases in immunocyte numbers in the intestinal’

- mucosa have been reported in other host parasite systems

(see review by Ogilvie and Jones, 1973). A separation of
direct, antiworm immune responses (i.e. reduction in
fecumdity and growth) from actual worm expulsion in

T, spiralis infected mice has been suggested by Wakelin
and Wilson (1980). They concluded that the former can be
mediated through antiwo;m antibodies as well as inflamma-
tory responses and possibly physicochemical changes in the
intestinal environment. Further evidence has shown that
direct antiworm immunity is not the cause of the worm
expulsion. For example, using transplantation techniques

it has been shown that even worms taken during the process

of expulsion, were able to survive and resume production in

/

naive recipients. This finding suggests that extensive

damage to the worms is not the major cause of expulsion.

-l
i
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The role of senéitised lymphocytes in
transferring immunity is well documented. In the
T. spiralis/mouse model, the transfer of immune MLNC
results in reduced worm growth and fecundity and

subsequently, results in worms expulsion. It has been
!

shown that T cells are more effective than B cells in
passively transferring immunity, but that bone-marrow
components are necessary for an effective expulsive

response (see Wakelin, 1978a).

--The observabie host fesponse to infection with

T. spiralis consists of a variety of components.  For
example,.MLﬁ'blast cell activity increases between+days 4
and 8 post infection, transferred MLNC and particﬁlarly

-~ T lymphoblasts preferentially 'localise in the small
intestine early after infection and'inflammatory cellular
infiltration and physicochemical changes occur in the
intestinal environment (see also chapters 3 and 5).; There
is evidence to suggest .that worm expulsion is associated
with these latter changes. It has been shown that the

- number of mast -cells, goblet célls and eosinophils increases
dramatically during nematode infection and that T cells or
their products are involved in the regulation of these cells.
The possible involvement of mast cells and their products
and other local intestinal cellular changes in the response

e e T o g

to nematode infection, is discussed in chapter 3.

One of the consequences of the mucosal immune

responée 1s the rapid expulsion of a challenge infection,

L

_ L. .
. -
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Recently, more attention has been paid to the factors and
components which are involved in this response because of

its importance in the study of how worm expulsion 1is

brought about.

The primary objectives of the work presented in

this thesis were to examine: 1) the conditions necessary

for the induction and expression of rapid expulsion_ by
complete or drug-abbreviated infections, and 2) the stage-

specificity of the induction and expression of the rapid

expulsion response,

i

-

In addition, the intestinal mast cell and goblet

cell responses during T. spiralis infection in mice and

rats have been characterised (chapter 3) and comparisons

Winy

made of the rapid expulsion responses in mice and rats.

The specificity of the rapid expulsion response

to T. spiralis infection is examined in chapter 4. Chapter

5 provides evidence for the mechanisms of rapid expulsion
and the components involved in this response in mice.

- Special attention has been paid to the effect upon the
mast cell response of -transferring immune MLNC or

separated T and B cell populations into irradiated and

unirradiated mice. ..

The strain characteristics of the mast cell

responses to T. spiralis infection and the underlying

genetic control of the generation of these cells are

. examined in chapter 6.



GENERAL MATERIALS AND ME THODS

1. Animals

Mice and rats.

Male and female mice were used, usually males
unless otherwise stated. For the majority of experiments,
helminth-free, inbred NIH mice were purchased . from

Hacking and Churchill Ltd. Rats used were outbred Wistar

rats (bred at the Wellcome Laboratories).

In most experiments, mice were caged in groups

of six in polypropylene cages .48 cm x 15 cm x 13 cm,
Rats were caged, usually in groups of eight, in polypro-

‘Pylene cages 56 cm x 38 ecm x 18 cm (North Kent Plastics
| thd.). Sawdust or wood shavings was provided as bedding
and replaced twice per week. Animals rooms were
maintained on a 12 hour light-dark cycle in winter, but
followed normal day length in summer. Tap water*and
pelleted food (Grain Harvesters Ltd.) was available to

the animals'ég l1ibitum.,

2 e Parasite

The strain of Trichinella spiralis used in the

experiments was obtained from the London School of Hygiene
and Tropical Medicine and maintained by passage through

outbred CFLP mice. Infective larvae were obtained by

digestion of stock mice which had been infected for at
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least 2 months. The animals were killed, skinned, cut

-

into pieces and then minced. The material vas digested

for 2-2.5 hours in a solution of 0.5% pepsin in 0.5% HcCl
iﬁ tap water (500 ml/mouse) at 37°C with continuous agita-~

tion, Undigested sediment was filtered off on a coarse

sieve- (mesh size 1 mm) and the larvae collected by

repeated washing and sedimentations 1in 0.9% NaCl. The

larvae were fihally suspended in 0.2% agar and the total

A | . .
volume ad justed to give the required inoculum in 0.2 ml,

Mice or raté were infected by injection (EEE.EE) into the
stomach using a syringe and a blunted necedle. For
irradiation of T. spiralis la?vae, infectgve larvae were
suspended 1in 6;2% agar and placed in a glass bijou boftle
which was exposed to 4 Krad irradiation from a 500 Ci‘;

& 1
cbobalt Source (dose rate 1.05 Krad/min). At this level

of irradiation, worms are rendered completely sterile.

3. Adult worm recovery

Adult worms were recovered from the intestines
of animals using a modified Baermann technique (Wakelin
and Lloyd, 1976&). Animals were killed by an overdose of
chloroform vapour and.the entire small intestine removed
and cut opén along its length. It was then placed on a
piece of nylon gauze and submeréed‘in 40 mi of preheated

—140°C) Hanks' Balancea Salt Solution (HBSS) in a 50 ml
beaker, Incubation was then continued for a further

2.5-3 hours, during which time worms migrated through the
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gauze. Aé confirmed by examination of the intestinal
mucosa, the majority of worms left the intestine and -
collected in the beaker. The worms were transferred to

a Petri dish and were counted using a binocular dissecting
miﬁroscope. I1f not counted immediately, beakers were

stored overnight at 4°c.

4, Anthelmintic

Methyridine (Mintic and Promintic, I.C.I.) was
used to remove T. spiralis. Mintic was given orally to
mice at a dose level of 1000 mg/kg body weight; Promintic

was injected subcutaneously into rats at a dose of 300 mg/kg.

The efficiency of the drug was determined in infected mice
-given anthelmintic and killed 1 day later; no worms were
observed in the gut at this time. Neither of these drug

treatments has any effect upon subsequent infection with

T- SEiraliS-

5, Antibiotic

Oxytetracycline hydrochloride (Terramycin,
Pfizer Ltd.) at a concentration of 300 mg/litre was given
in drinking water to mice which had undergone surgery or

immunosuppression as well as to their controls.

q.r'-'-_ “i.--_ -

6- StatiStiCS

The statistical significance of differences

between mean worm recoveries from experimental and control
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groups was determined using students' 't' test, A
probability greater than p = 0,05 was considered to be

non-significant.

7. HiStOIOg!

Mice or rats were autopsied and the small
intestine removed entirely. in some experiments the
, entire gut was divided into four segments, but in the
majorityﬁof the expgriments only one segment (5 cm) from
the middle of the small intestine was taken. Each
‘segment was opened loﬂgitudinally and rol.led on a syringe
plunger with the mucosal surface out (swiss roll technique

of Reilly and Kirsner , 1965). Tissues were fixed in

/" ~.Carnoy's or Bouin Hollande fixative, embedded in polywax

(Difco Laboratories) and sectioned at 5 um. (Humoson, 1972).

For examination of mast cells, sections which
were fixed in Carnoy's were stained with Alcian blue

(1% W/V in 0.7N HC1l; Alcian blue B.Cxq‘(Searle Diagnostic,

High Wycombe) and Safranin: non (0.5% W/V in 0,125N HC1,

michrome No. 405, (Searle Diagnostic, High Wycombe) by

modification of the method of Enerback (1966a).

For quantitative purposes, all Alcian blue
positive cells were recorded, whether in the lamina propria
or intraepithelial in position and as the. precise identity

of cells in this location is presently disputed (Askenase,

1980) they are referred to collectively as mucosal mast
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cells (see also chapter 3). In each intestinal segment
20 villus crypt units (V.C.U.) were counted. A V.C.U.
represents that portion of intestinal mucosa lying between

two gland crypts and the lamina propria of the' villus

above (Miller and Jarrett, 1971).

For thé staining of goblet*cells, segments of

the small intestine were fixed in Bouin Hollande's fixative
, for 24 hours (or in Carnoy's - as above) and éfocessed as

previously. Sections were stained with periodic acid/

Schiff (PAS) and Alcian-blue by.the.methods described by

Moﬁry (1963).and were counterstained with haematoxylin.

For quantitative purposes, goblet cells were taken as those

‘mucus producing cells located in the epithelium of the

"=villi and crypts and 20 villus crypt units were counted in

each intestinal segment (see also chapter 3 ).

FFixatives and stains for light microscopy

A - Fixatives:

- 1 Carnoy's fixative - tissues fixed for 3-6 hours

" Absolute ethanol - 60 ml
Chloroform ~ 30 ml
Glacial acetic acid 10 ml -
e 11 Bouin Hollandet!s fixative - tissues fixed for
/ 24 hours to 3 days
Copper acetate 2.5 ¢

Picric acid crystals ‘4.0.g
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Formalin, concentrated (100%) 10.0 ml
Distilled water | 100,0 ml

Glacial acetic acid 1,5 ml

R
"

7Copper acetate was dissolved in water without
‘heat; picric acid was added slowly while stirring,
When dissolved the solution was filtered and formalin

and acetic acid were added.

B - Staining solutions

Dominici's method for staining eosinophils

Fixation ‘- Bouin Hollande.

i PhosEhate buffer

a) Na,HPO 14,196 g made up in 1000 ml of distilled H.0

4 2

b) KH,..PO , 13.609 g made up in 1000 ml of distilled H,0
-2 00nml of solution a) were added to 809 of solution b).

Final pH 6.2

11 Orange G and eosin 4

Orange G ‘0.5 g
Eosin vy 0.5 ¢

Phosphate buffer 200 ml

111 Toluidine blue

Toluidine blue 0.3 g

Phosphate buffer 100 ml
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Staining method

-mm

1 - Sections were taken through xylene and graded ethanol

to water

2 - Orange G and eosin y 5 mins

3 - Phosphate buffer Rinse

4 - Toluidine blue : l1 min

5 = DPhosphate buffer - Rinse

6 - Dehydrated in graded ethanol 3.5 mins each
. ST - Xylene 5 mins

8

- Mounted in DPX * | ~

Prolonged staining with the acid dyes or prolonged rinsing
resulted in a shift from orange toward increased red
staining. When properly stained coéiﬁophils had bright

-~ _red or orange granules.

Alcian blue/Safranin "O'" for mast cells
FFixation - Carnoy's

1 1‘7:: Alcian blue 8GX pH = .0.3
Alcian blue l g

0.7N .HC1 100 ml

i1 0.5% Safranin "O" pH = 1

Safranin O 0.5 ¢
0.125N HC1 100 ml
- Staining

1 - Sections were taken through xylene and graded ethanol

to water
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- 1% Alcian blue : 30-45 mins

2

3 - 0.7NHCI 10 mins

4 - 0,5% Safranin -5 mins

5 - Distilled water Rinse '

6 - 70% ethanol . 1 min

5 - 90% ethanol | l min R
8 - Absolute ethanol | 1 min

9 - Xylene ‘ | ’ 5 mins

10 - Mounted in.DPX

PAS and Alcian ‘blue for staining of goblet cells

Fixation -~ Carnoy's or Bouin Hollande's

(i) Schiff reagent (B.D.H. Chemicals Ltd., Poole, England).

-- (ii) Periodic acid solution

- e = — .

Stock solution (B.D.H. Chemicals Ltd., Poole, England).

Wbrking solution

Periodic acid solution 1 ml S ,

Distilled water . 99 ml

(iii1) 1% Aician blue

Alcian blue ' 1 g
Glacial acetic acid 3 ml

Distilled water 97 ml

iv ZMayer'é Haematoxylin

1 g haematoxylin was added to 1 litre of distilled

water and heated gently, 0.2 g sodium iodate and 50 g
potassium alum (K.&l‘(SO4)2‘:3‘.12H20) were added and the
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solution heated until dissolved; 1 g citric acid and
50 g chloral hydrate were then added. The stain was
allowed to ripen preferably for 6-8 weeks, although

it can be used within 1-2 weeks (see Humason, 1972).

v 0.5% sodium metabisulphite
Sodium metabisulphite 0.5 ¢
Distilled water 100 ml

Staining method

1 - Sections were taken through xylene and graded ethanol

to water

2 - i%Alcian blue ' 30 mins
3 - Washed in water 5 mins
- 4 - Oxidised in 1% periodic acid 5 mins
5 - Washed in running water 5 mins
6 - Schiff reagent 10-20 mins
7 - Three“changes of 0.5% | =
sodium metabisulphite - Rinse
8 - Washéd in running water 10 mins
9 - Haematoxylin 2 mins

10 - Dehydrated in graded ethanol 3-5 mins each
11 - Xylene 5 mins

12 = Mounted in DPX Se

."""' M'_ -—

Balanced salt solution

The modified Hanks' Balanced Salt Solution (HBSS)

used was as described by Hopkins and Stallard (1974), i.e.
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Hanks' saline was modified by excluding glucose and
N'aHOO3 and by increasing remaining salts to an osmotic

pressure of 300 m-~osmols.

Solution 1

NaCl 168 ¢

KCl1 8 g

| KHZPO4 2 g

| Na HPO, ‘g
0.2% Phenol red 200 ml

- T '_

made up to 2 litres with deionised water.

Solutian 2
CaC12.2H20 3.92 ¢
T MgC12.6H20 2.00 ¢

made up to 2 litres with deionised water.

105 ml each of Solutions 1 and 2 were mixed and made up

to 1 litre with deionised water, giving a final pH of 7.2.
. C’U—,



CHAPTER 1

RAPID EXPULSION: EXPRESSION AND INDUCTION
BY COMPLETE INFECTION IN MICE AND RATS

19
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INTRODUCT ION

The enteral and parénteral stages of
Trichinella spiralis induce a complex immune response
in the host (Wakelin, 1978a) . Bell and McGregor
(1?79a) have identified four distinct responses which
operate in the intestine of Trichinella infected rats,
namely, (i) rapid expulsion, (ii) anti-preadult immunity,
(iii) anti-adult immunity and (iv) anti-fecundity

response.

The first of these responses was described by
McCoy as early as 1940 when he noted that a secondary

infection was expelled within 12 hours from immune

Wistar albino rats. Love, Ogilvie and McLaren (1976)
have shown that infective larvae are expelled rapidly
from immune PVG/c rats; Wakelin and Lloyd (1976a) and

Alizadeh and Wakelin (1980) have noted a similar

response in NIH mice,

This phenomenon has received little experi-
mental attention until recently when the work of Bell
and McGregor (1979a, b) confirmed that fapid expulsion

operates as a major protective response against

T. spiralis in rats.

20
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The mechanisms.that_underlie this response ;

are not yet clear, but Russell and Castro (1979) have 1
reported that rapid expulsion was not associated with

the acute inflammatory cell infiltrate or with the

patho-physiology that characterizes a primary infection
in T. spiralis infected Sprague Dawley rats. Recently !

Castro, Hessel and Whalen (1979) have shown that there

1s a rapid onset of intraluminal fluid accumulation
+  soon after secondary contact with T. spiralis in the

immunized challenged host and that this is associated

temporérily with prevention of worm establishment,

Lee and Ogilvie (1981) have suggested that the failure
of challenge larvae to become established 1s due to

their being trapped in the intestinal mucus layer of

.

immunized rats. At present rather more is known of
the mechanisms of immunity which operate during primary
infection of T. spiralis in mice than rats and therefore
study of rapid expulsion in this host may provide =z

better understanding of mechanisms involved,

It is well known that the kinetics of infec-

tion of T. spiralis in different strains of host species

can vary very considérably and also, the strain

characteristicsin this respect can alter over a period

of time, It is therefore necessary at the start of such a
—'programme of work to define precisely the response

characteristics of the animals available. In this

chapter, the course of primary infections and the

conditions necessary for induction or expression of



rapid expulsion in NIH mice and Wistar rats have been
defined. .The occurrence of rapid expulsion of

challenge infections given immediately and up to.5 and
7 weeks following the complete expulsion of a' primary
infection of T. spiralis, is examined in both NIH mice

and Wistar rats respectively.

An attempt is made to examine the level of
primary infections with normal or irradiated larvae
necessary to evoke the rapid expulsion response.
Comparisons are made bétween mice and rats concerning

some of the aforementioned characteristics of rapid

expulsion,.
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MATERTALS AND METHODS

The strain of mice or rats and the methods
used for maintenance, infection and worm recovery have

been described in the general materials and methods.

23
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RESULTS
) Kinetics of a primary infection in mice

An initial experiment was carried out to

define the course of a primary infection in NIH mice.
Forty-eight 7-week-old male NIH mice were infected with
300 T. spiralis larvae on day 0. Groups of four mice
were killed daily from days 1 to 21 after infection, to
assess the total number and distribution of worms in the

anterior and posterior halves of the small intestine.

The kinetics of primary infection (shown in

Fig. 1.1) were as follows.

a) Establishment

L

Over 55% of the infecting dose established

and developed to maturity in the small intestine,

b) Constant period

Aféer establishment the number of worms in
the small intestine remained relatively constant
between days 1.and 8 after infection, A few
wOorms were obser;ed in the large intestine on

days 7 or 8, but not previous to these days.

c) Expulsion period

_"_.“ [~ — -

Total worm numbers were markedly decreased

after day 8. A sharp decline occurred within

2 days (between day 8 and day 10) and worm
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The kinetics of a primary infection

of T. spiralis in NIH mice.
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expulsion was compleiq by day 12 post infection
(p.i.). It was noted that there was an incréase

in worm numbers in the large intestine during

this period. .

'd) Distribution of adult T. sEiralis in the small

intestine of mice

Total worm recoveries from the anterior and
posteriqr!halves of the small intestine are shown
in Fig. 1.2. During the constant period (days 1-
8), between 70% aﬁd 90% of the worm'population
which gstablished were located in the anterior
half of the small intestine. During the expulsion

~period (between days 8 and 10), total worm numbers

decreased markedly in both segments.

It was apparent that worms were being lost
from both segments of the small intestine with the
ma jority of the worms being recovered from the

posteribr half during the period of rejection,

pAR Kinetics of a Erimarx infection in rats

. ~ An initial experiment was designed to determine
the course of a primary infection in rats., A total of

twenty-one 8-9-week-old male Wistar rats were given an

infection of 2000 T. spiralis larvae on day 0. Groups

of 3 rats were killed on days 2, 4, 6, 8, 10, 12 and 14
after infection to assess the total number and distribu-

tion of worms in the anterior and posterior halvesof the

small intestine.

26
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Distribution of adult T. sﬁiralis in the

anterior —)and posteriorBE&Id halves of
the small i1ntestine of NIH mice during a

primary infection.
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The kinetics of a primary infection (shown

in Fig. 1.3) were as follows,

a)

S g, L

Establishment ' y

Worm establishment in rats was similar to
that seen in mice with almost 57% of the
infecting dose establishing and developing to

maturity in the small intestine.

Constant period

After establishment, the number of worms in
the small intestine remained relatively constant

between days 1 and 8.

Expulsion Eeriod

Total worm numbers were markedly decreased
after day 8. A sharp decline in worm numbers
occurred between days 8 and 12 with 50% of the
worms lost by day 10 and nearly all theworms lost
by day 12. After this time all remaining worms

were bompletely rejected by day 14.

Distribution of adult T. spiralis in the small

intestine of rats

The total worm recovery in the anterior and

posterior halves of the small intestine is shown .

in Fig. 1.4. During the constant period almost

28
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