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SUM MARY 

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. 
a 

-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 primary 

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 

response 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 contrast, 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 increased 

considerably. Exposure to a 7-day infection resulted in 

an increase in mast cells, but their numbers then declined 

very quickly, i. e. within a few days after drug treatment. 

The mast cell response 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 

Nematospiroides dubius and Nippostrongylus 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 

1 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 is discussed. 

Challenge infections were prevented from 

- establishing in immune mice and had no effect on homing 

characteristics of injected immune MLINNC. 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 MLNC and aT cell enriched 

population (but not aB 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 (BlO. G, C57/BlO, 

BlO. BR, BlO. 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 (NIH and DBA1). Immune MLNC from rapid (NIH) or 

slow (BlO. G) responder mice accelerated the mast cell 

response in normal or irradiated recipient NIH mice but 

had less effect in BlO. G recipient mice. The role 

played by H-2-linked and non H-2-linked genes in 

generating the mast cell response is 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 

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 

pathological effects on the host. 

Trichinella sniralis 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 

parasite has also been established 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 
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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 is 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 36 hours and transform into immature 

adult worms. The females are viviparous and larvae (the 

so-called "newborn larvae") are released into the 

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 upon the host species. The 

migrating newborn larvae and the larvae in the muscle 

tissue are collectively known as the parenteral stages 

and although these stages unquestionably stimulate host 

responses to their 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 

_----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 
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and Ogilvie, 1980) has suggested 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) have 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 Nippostroneylus 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 

immunity, with conflicting results. There is 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 protection-against T. spiralis (Love 

et al., 1976) and it has been suggested that IgA plays an 

important role in worm expulsion (Despommier, McGregor, 

Crum and Carter, 1977). In mice there is some evidence of 

antibody linked 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 

IgG1 and IgE effectively transfers protection against 

T. spiralis (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, 1978a). The evidence suggests that 

antiworm antibodies do not 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, 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 is possible that antibodies at the mucosal 

surface participate in the protective response. Crandall 

and Crandall (1972), for example, reported that the 

immunocyte population of the intestinal mucosa of mice 

showed a relative increase in IgM and IgG, l 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 antiworm 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. 
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The role of sensitised lymphocytes in 

transferring immunity is well documented. In the 

T. spiralis/mause 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 observable host response to infection with 

T. spiralis consists of a variety of components. ' For 

example, MLN blast cell activity increases between days 4 

and 8 post infection, transferred MLNC and particularly 

-^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 cells 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 

to nematode infection, is discussed in chapter 3. 

One of the consequences of the mucosal immune 

response is the rapid expulsion of a challenge infection. 
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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 is 

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. 

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 

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. 
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GENERAL MATERIALS AND }E THO IXE 

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 cm x 18 cm (North Kent Plastics 

Ltd. ). 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 ad libitum. 

2. 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 was digested 

for 2-2.5 hours in a solution of 0.5% pepsin in 0.5% HC1 

in 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 in 0.9% NaCl. The 

larvae were finally suspended-in 0.2% agar and the total 

volume adjusted to give the required inoculum in 0.2 ml. 

Mice or rats were infected by injection (per os) into the 

stomach using a syringe and a blunted needle. For 

irradiation of T. spiralis larvae, infective larvae were 

suspended in 0: 2% agar and placed in a glass bijou bottle 

which was exposed to 4 Krad irradiation from a 500 Ci'- 
60 

Cobalt 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, 1976a). Animals were killed by an overdose of 

chloroform vapour and the entire small intestine removed 

and cut open along its length. It was then placed on a 

piece of nylon gauze and submerged in 40 ml of preheated 

(40°C) Hanks' Balanced 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 

ý, 
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gauze. As 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 

microscope. If not counted immediately, beakers were 

stored overnight at 4°C. 

4. Anthelmintic 
s 

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. spiralis. 

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. 

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. 

?. Histology 

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 

majority of the experiment's only one segment-(5 cm) from 

the middle of the small intestine was taken. Each 

segment was opened longitudinally and rolled on a syringe 

plunger with the mucdsal 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 HCl; Alcian blue 8 Gx, (Searle Diagnostic, 

High Wycombe) and Safraniri: "0" (0.5% W/V in 0.125N HC18 

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 Y. 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 the 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 processed as 

previously. " Sections were stained with periodic acid/ 

Schiff (PAS) and Alcian blue by the methods described by' 

Mowry (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 ). 

Fixatives and stains for light microscopy 

A- Fixatives: 

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

Absolute ethanol 60 ml 

Chloroform 30 ml 

Glacial acetic acid 10 ml 

Bouin Hollande's fixative - tissues fixed for 

24 hours to 3 days 

s 

Copper acetate 2.5 g 

Picric acid crystals 4.0g 
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Formalin, concentrated (100%) 10.0 ml 

Distilled water 100.0 ml 

Glacial acetic acid 1.5 ml 

Copper 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 Phosphate buffer 

a) Na2HPO4 14.196 g made up in 1000 ml of distilled H2O 

b) KH2"PO4 13.609 g made up in 1000 nil of distilled H2O 

2 ppml of solution a) were added to 8ö9 of solution b) . 

Final pH 6.2 

ii Orange G and eosin y 

Orange G"0.5 g 

Eosin y 0.5 g 

Phosphate buffer 200 ml 

iii Toluidine blue 

Toluidine blue 0.3 g 

Phosphate buffer 100 ml 
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Staining method 

1- Sections were taken through xylene and graded ethanol 

to water 

2- Orange G and eosin y5 mins 

3- Phosphate buffer Rinse 

4- Toluidine blue 1 min 

5- Phosphate buffer -Rinse 

6- Dehydrated in graded ethanol 3.. 5 rains each 

7-" 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 eosinophils had bright 

red or orange granules. 

Alcian blue/Safranin "0" for mast cells 

Fixation - Carnoy's 

1% Alcian blue 8GX 'pH = 0.3 

Alcian blue l. g 

0 . 7N HC1 100 ml 

ii0.5% Safranin "0" pH-1 =1 

Safranin 0 0.5 g 

0.125N EC1 100 ml 

Staining- 

1- Sections were taken through xylene and graded ethanol 

to water 



16 

2- 1% Alcian blue 30-45 mins 

3-0.7N' HCl 10 mins 

4-0.5% Safranin 5 mins 

5- Distilled water Rinse 

6- 70% ethanol 1 min 

7- 90% ethanol 1 min 

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 

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

Working solution 

Periodic acid solution 1 ml 

Distilled water 99 ml 

(iii) 1% Alcian blue 

Alcian blue 1g 

Glacial acetic acid 3 ml 

Distilled water 97 ml 

iv Mayer's Haematoxylin 

'ý-- 1g haematoxylin was added to 1 litre of distilled 

water and heated gently, 0.2 g sodium iodate and 50 g 

potassium alum (KA. j, (SO4)2'. 12H2O) were added and the 
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solution heated until dissolved; 1g 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 g 

Distilled water 100 ml 

Staining method 

1- Sections were taken through xylene and graded ethanol 

to water 

2- 1% 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- Washed 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 

Balanced salt solution 

The modified Hanks' Balanced Salt Solution (HESS) 

used was as described by Hopkins and Stallard (1974), i. e. 
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ol 

Hanks' saline was modified by excluding glucose and 

NaHCO3 and by increasing remaining salts to an osmotic 

pressure of 300 m-osmols. 

Solution 1 

NaCl 168 g 

KC1 8g 

KH2P04 2g 

Na2HPO4 4g 

0.2% Phenol red 200 ml 

made up to 2 litres with deionised water. 

Solution 2 

CaC12.2H20 3.92 g 

MgC12.6H20 2.00 g 

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. 
' w' 
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CHAPTER 1 

RAPID. EXPULSION:. EXPRESSION AND INDUCTION 

BY COMPLETE INFECTION IN MICE AND RATS 

4 
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INTRODUCTION 

The enteral and parenteral stages of 

Trichinella spiralis induce a complex immune response 

in the host (Wakelin, 1978a) - Bell and McGregor 

(1979a) 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 (1976aland 

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 rapid expulsion 

___. ___operates as a major protective response against 

T. spiralis in rats. 

,+- 
., 
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The mechanisms that. underlie this response 

are not yet clear, but Russell and Castro (1979) have 

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 

is a rapid onset of intraluminal fluid accumulation 

soon after secondary contact with T. spiralis in the 

immunized challenged host and that this is associated 

temporarily with prevention of worm establishment. 

Lee and Ogilvie (1981) have suggested that the failure 

of challenge larvae to become established is 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 a 

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 considerably 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 
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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 between mice and rats concerning 

some of the aforementioned characteristics of rapid 

expulsion. 

a 



MATERIALS 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 

1. Kinetics of a primary infection in mice 

An initial experiment was carried oüt 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 o"f the small intestine. 

The kinetics of primary infection (shown in 

Fig. 1.1) were as follows. 

a) Establishment 

Over 55% of the infecting dose established 

and developed to maturity in the small intestine. 

b) Constant period 

After establishment the number of worms in 

the small intestine remained relatively constant 

between days 1. and 8 after infection. A few 

worms were observed 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 

a 

(ý 
, 
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Fig. 1.1 

The kinetics of a primary infection 

of T. spiralis in NIH mice. 

4 
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expulsion was complete by day 12-post infection 

(p. i. ). It was noted that there was an increase 

in worm numbers in the large intestine during 

this period. 

d) Distribution of adult T. spiralis in the small 

intestine of mice 

Total worm recoveries from the anterior and 

posterior halves of the small intestine are shown 

in Fig. 1.2. During the constant period (days 1- 

8), between 70% and 90% of the worm population 

which established 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 

majority of the worms being recovered from the 

posterior half during the period of rejection. 

2. Kinetics of a primary 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. 
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Fig. ]. 2 

Distribution of adult T. spiralis in the 

anterior I and posterior" halves of 

the small intestine of NTH mice during a 

primary infection. 
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The kinetics of a primary infection (shown 

in Fig. 1.3) were as follows. 

a) Establishment 

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. 

b) Constant period 

After establishment, the number of worms in 

the small intestine remained relatively constant 

between days 1 and 8. 

c) Expulsion period 

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 the-worms lost 

by day 12. After this time all remaining worms 

were completely rejected by day 14. 

d) 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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Fig. 1.3 

The kinetics of a primary infection of 

T. spiralis in Wistar rats. 
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F' 
ý--L, 1 

Distribution of adult T. spiral is in the 

anterior E and posterior E13-ß }calves of 

the sir, all intestine of Wistar rats during 

primary infection. 
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95% of the worm population was located in the 

anterior half. The percentages of worms 

recovered in both halves of the small intestine 

remained constant even during the expulsion period 

(i. e. after day 8), although total worm numbers 

were markedly decreased during this time. This. 

indicates that worms were being lost from both " 

segments of the small intestine, but in contrast 

to what was seen in the mice, the percentage of 

worms in the posterior half of the small intestine 

did not increase during the expulsion period. 

3. Kinetics of secondary infections in mice and rats 

A. The fate of a challenge infection given 

14 days after primary infection 

a) Mice 

An initial experiment was designed to examine 

the course of a challenge infection given 14 days after 

primary infection, i. e. at a time when the primary 

infection had been expelled completely. A total of 

twenty-two 7-week-old-female NIH mice were infected with 

300 T. spiralis larvae. The mean worm recovery from 

four mice killed on day 7 p. i. showed normal worm 

establishment (202.0+33.5). On day 14 after the primary 

infection, 18 infected mice and 18 control uninfected 

age-matched mice were given a challenge infection of 300 

T. spiralis larvae. Six mice from each group were 

i�, r 
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killed on days 1,3 and 4 after the challenge infection. 

Worm recoveries from the intestines of immune mice were 

compared with those from non-immune mice 24 hours after 

challenge infection., The results of this experiment 

are shown in Fig. 1.5. Differences in the worm 

recoveries between the groups were statistically signi- 

ficant 24 hours after infection, indicating the majority 

of-the larvae had been expelled rapidly from immune mice. 

In this experiment a few worms were still present in the 

immune mice 3 days after the challenge infection. In 

repeat experiments, however, it was observed that 

challenge infections were completely expelled by 24 hours. 

b) Rats 

A preliminary experiment was designed to 

examine the course of secondary infection given 14 days 

after a primary infection. A group of six male Wistar 

rats were infected with 2000 T. spiralis larvae. On 

day 12 after primary infection, they were given anthel- 

mintic (Methyridine, see general materials and methods), 

to remove any residual worms. These previously infected 

(immune) rats, together with six control (uninfected) 

rats, were then challenged with 500 T. spiralis larvae. 

To assess rapid expulsion all the rats were killed 24 

.- -------hours later and worm recoveries from the immune rats 

were compared with those from non-immune (control) rats. 

The challenge infection was expelled rapidly within 24 

hours. The numbers of worms recovered from immune and 

i 
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control rats were 4.6+2.5and 
. 
140+12.6 respectively. 

B. Time of expulsion of challenge infection 

given on day 14 after primary infection 

in NIH mice 

Having established some of the basic 

parameters, attention was focussed on the rapidity of 

the response. In particular, an attempt was made to 

determine the time of expulsion of challenge infection 

given 14 days after'primary infection. 

A total of twenty-two 7-week-old NIH mice 

were infected with 300 T. spiralis larvae and the mean 

worm recovery from four mice killed on day 7 showed a 

-normal worm establishment of 104.0+23.5. On day 14 

after the primary infection, eighteen infected mice and 

eighteen control uninfected age matched mice were given 

a challenge infection of 300 T. spiralis larvae. Six 

mice from each group were killed at 1.5,6 and 24 hours 

after challenge (by 1.5 hours almost all orally adminis- 

- tered larvae have passed into the small intestine). 

The results are shown in Table 1.1. 

Equivalent numbers of larvae were recovered 

from both groups 1.5 hours after challenge, but by 6 

_. _-...... hours, the worm recovery was significantly lower in 

previously infected mice and by 24 hours very few worms 

were recovered. A similar result was obtained in a 

replicate experiment. 

L 

ý` 
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TABLE 1.1 

Time course of loss of T. spiralis from 

NIH mice given a challenge on day 14 after primary 

infect ion. 

Hours after 
challenge 
infection 

No. of worms 

Control mice Challenged mice 

Mean S. D. Mean S. D. 

1.5 137.0. - 31.8 105.0 29.7 

6 139.0 40.6 46.0* 52.8 

24 157.2 7.7 17.7* 18.9 

Mean significantly lower than control. 

p<0.05 

l 

i 
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In the above experiment worms were recovered 

from the intestine by the normal Baermann technique. 

To confirm that the absence of worms at 6 and 24 hours 

post challenge (p. c. ) in previously infected mice, 

reflected expulsion from the intestine and not the 

failure to recover larvae from the mucosa, a further 

experiment was carried out. Mice given a primary 

infection were then challenged on day 14 and larvae 

recovered by the Baermann technique after 6 and 24 hours. 

After each recovery period, the intestines were cut into 

pieces and digested for 2 hours. in pepsin-HC1 (see 

general materials and methods). The digest was filtered 

through a layer of nylon gauze, with a sufficient mesh 

size to allow any worms to pass through and the filtrate 

was examined for worms. Very few worms (less than 

twelve) were recovered in the mucosa at 6 hours and 

expulsion was complete by 24 hours after challenge. 

C. The fate of challenge infections given at 

intervals after primary infection 

a) Mice 

Thirty 7-week-old male NIH mice were given a 

primary infection of 300 T. spiralis larvae and divided 

into six groups of five mice. Groups were given a 

----challenge infection of 300 larvae on days 14,16,18,21, 

28 or 35 p. i. Groups of five control (uninfected) age- 

matched mice were given challenge infections'at the. same 
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times as the experimental'groups and mice of each group 

were'killed 24 hours after challenge. 

Rapid expulsion of challenge larvae occurred 

only in mice challenged 14 and 16 days after primary 

infection (Table 1.2). The establishment of challenge 

infections given on days 18,21,28 or 35 after primary 

infection, was similar to the control groups. 

' An-attempt was made to induce rapid expulsion 

on day 21 of a primary infection by increasing the 

initial infection dose to 500 T. spiralis larvae. The 

infected mice, together with age-matched *controls, were 

challenged with 300 larvae, but again the immune mice 

did not show rapid expulsion 24 hours after challenge, 

the mean worm recoveries from the immune and control 

groups being 106.0+7.6 and 116.0+11.0 respectively. 

The immune status of mice exposed to challenge after 

the sixteenth day of a primary infection was examined in 

a further experiment. 

` 
Two groups of five mice received primary 

infections of 300 T. spiralis larvae and together with 

control (uninfected) age-matched mice were then given a 

challenge infection of 300 T. spiralis larvae 20 days 

later. Mice were killed on either day 4 or 7, post 

challenge. The mean worm recoveries from the challenge 

and control mice are shown in Fig. 1.6. The results 

indicate the mice were substantially immune and that worm 

expulsion began by day 4 and was completed by day 7. 

A' , 
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TABLE 1.2 

Rapid expulsion of challenge infections 

given at intervals after a primary infection bf 

T. spiralis in NIH mice. 

Challenge No. of worms recovered 
infection 24 hours after challenge 

Group of 
mice Day Mean S. D. 

Challenged 3.2* 6.6 
1 14 

Control 151.8 18.5 

Challenged 8.0* 5.2 
2 16 

Control 154.8 21.0 

Challenged 153.0 37.4 
3 18 

Control 182.2 48.7 

Challenged 176.4 22.3 
4 21 

Control 164.8 65.0 

Challenged 135.5 25.9 
5 28 

Control 142.6 36.3 

Challenged 131.6 14.3 
6 35 

Control 110.4 28.5 

Mean significantly lower than control 

p<0.05 
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Hence the failure to expel worms rapidly within 24 

hours was not associated with any general reduction 

in protective immunity. 

b) Rats 

A total of thirty 8-9-week-old male Wistar 

rats were given a primary infection of 2000 T. spiralis 

larvae and were divided into 6 groups of five rats. 
" 

Groups were given a challenge infection of 500 

T. spiralis larvae on day 14,21,28,35,42 or 49 p. i., 

The times of the primary infections were staggered so 

that the rats were all challenged on the same day and 

shared a common control group. All the rats were 

killed 24 hours after challenge. In contrast to what 

was seen in the mice, even rats challenged 49 days after 

a primary infection expelled the challenge infection 

rapidly (i. e. within 24 hours, see Table 1.3). 

4. Induction of rapid expulsion in mice and rats 

A. The effect of the size of a primary infection 

with normal larvae on the stimulation of 

rapid expulsion 

a) Mice 

An experiment was carried out to characterize 

some of the conditions necessary for the induction of 

rapid expulsion in mice. Fifty-six 7-week-old male 
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NIH mice were divided into'four groups (1-4,14 

mice per group). These mice received primary infec- 

tions of 50,150,300 or 500 normal T. spiralis larvae 

respectively.. Four mice from each group were killed 

on day 7 and another four on day 14 p. i. to determine 

the establishment and survival of the various infections. 

The remaining six mice from each group and "a control 

group of six uninfected age-matched mice, were challenged 

on day 14 after primary infection with 300 T. spiralis 

larvae and then killed 24 hours later. The results are 

shown in Table 1.4. 

In all groups of mice, primary worm establish- 

ment and expulsion were at the expected level (see 

Chapter 1). Rapid expulsion did not occur in mice 

given a primary infection of 50 larvae, but when higher 

levels of primary infection were used, the challenge 

infections were expelled rapidly. 

b) Rats 

For comparative purposes, twenty-six 8-9-week- 

old Wistar rats were divided into three groups, six rats 

each in groups 1 and 2 and fourteen rats in group 3. 

These rats were given a primary infection of 200,500 

or 2000 T. spiralis larvae respectively. (Infections 

__ --_-were similar in terms of larvae per gram body weight to 

those used in mice). Four of the rats which had been 

infected with 2000 larvae (group 3) were killed on day 

7 and another four on day 14 of the primary infection. 
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TABLE 1.3 

. Rapid expulsion of challenge infections 

given at intervals after a primary infection bf 

T. spiralis in Wistar rats. 

Challenge No. of worms recovered 
infection 24 hours after challenge 

Group of 
rats Day Mean S. D. 

1 14 3.8* 5.7 

2 21 4.8* 5.2 

3 28 26.3' 2.0 

4 35 2.4* 2.5 

5 42 3.4* 3.2 

6 49' 5.8* 5.1 

Challenge 
infection only none 188.0 24.3 

Mean significantly lower than control 

p .c0.05 

ý.. " ,«<. 
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TABLE 1: 4 

Rapid expulsion of T. spiralis from NIH 

mice given different levels of primary infections 

of normal larvae. (Challenge infection given 14 

days after primary infection)., 

Primary infection Challenge 
infection 

24 hours after Size of 
primary 

infection 

Day 

Mean 

7 

S. D. 

Day 

Mean 

14 

S. D. 

challenge 

Mean S. D. 

Normal larvae 

50 31.2 8.8 0.0 0.0 165.0 39.9 

150 95.7 12.6 0.0 0.0 8.8* 20.2 

300 191.2 24.2 0.0 0.0 0.6* 1.3 

500 363.2 11.7 0.0 0.0 0.0 * 0.0 

none - - - - 151.5 19.7 

Mean significantly lower than control 

P. < 0.05 
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Mean worm recoveries were 967.. 0+206 and 140+170 respect- 

ively. Three of the rats killed on day 14 had very 

few worms present, one rat still had 385 worms. Groups 

1 and 2 and six rats from group 3, were given- 

anthelmintic (methyridin e) on day 13 of the primary 

infection to remove residual worms. These previously 

infected rats, together with six control (uninfected) 

age-matched rats, were given a challenge infection of 

500 T. spiralis larvae on day 14 p. i. All the rats 

were killed 24 hours later (Table 1.5). Rapid 

expulsion of challenge larvae occurred in all the 

previously infected rats within 24 hours. Even the 

lowest level of primary infection (200 larvae) was 

effective in priming for rapid expulsion. 

B. Ability of primary infections with irradiated 

larvae to stimulate rapid expulsion 

a) Mice 

Twenty 7-week-old male NIH mice were divided 

into two groups of 10 (groups 1 and 2). These mice 

received primary infections of 300 and 500 irradiated 

(4 Krad) T. spiralis larvae respectively. This level 

of irradiation produces sterility in the developing 

adult worms, (Larsh, 1.963), so that any immunizing 

------properties are those related to preadults and sterile 

adults, without any contribution from migrating and 

encysting larvae. Four mice from each group were 

killed on day 7 to determine the establishment of the 
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TABLE 1.5 

Rapid expulsion of T. spiralis from Wistar 

rats given different levels of primary infection of 

normal larvae. (Challenge infection given 14 days 

after primary infection). 

No. of worms recovered 
24 hours after challenge 

Size of primary 
infection Mean S. D. 

Normal larvae 

200 16.8* 15.0 

500 2.6 * 1.7 

2000 3.0* 3.5 

none 141.2 11.0 

Mean significantly, lower than control 

p<0.05 
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infection. The remaining six mice from each group 

and a control group of, six uninfected age-matched mice 

were challenged 14 days after primary infection with 

300 normal T. spiralis larvae and were killed' 24 hours 

later. The results are shown in Table. 1.6. Mice 

given a primary infection of 300 or 500 irradiated 

larvae did not show rapid expulsion of the challenge 

infection of normal larvae. 

The immune status of mice infected with 

irradiated larvae in terms of their ability to reject 

worms over a7 day period, was then examined. Mice 

. were infected with 300 irradiated (4 Krad) T. spiralis 

larvae, challenged with normal larvae (together with 

control uninfected mice) on day 21 p. i. and were killed 

on day 7 post challenge. Immune mice showed signi- 

ficant loss of worms by day 7 post challenge, worm 

recoveries from the immune and-control groups being 

46+7.4 and 144.2+36.8 respectively, thus indicating 

that the irradiated larvae render mice immune to 

challenge infection. 

b) Rats 

Six 8-9-week-old Wistar rats were infected 

with 2000 irradiated larvae (4 Krad) T. spiralis 

----- larvae. Fourteen days' after the primary infect ion, these 

rats, together with six control uninfected rats, were 

given a challenge infection of 500 T. spiralis normal 
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TABLE 1.. 6 

Rapid expulsion of T. spiralis from 

NIH mice given different levels of primary infection 

of irradiated larvae. (Challenge infection of normal 

larvae given 14 days after primary infection). 

Primary infection Challenge infection 
Size of 
primary Day 7 24 hours after challenge 
infection 

Mean S. D. Mean -S. D. 

Irradiated larvae 

300 12.4 23.5 130.2 26.8 

500 180.2 26.7 162.4 32.4 

none -- 149.8 33.1 



Table 1,7 

Rapid expulsion of T. spiralis from Wistar 

rats infected with irradiated larvae. (Challenge 

infection of normal larvae given 14 days after 

primary infection). 

Size of primary 
infection 

Irradiated larvae 

2000 

none 

No. of worms recovered 
24 hours after challenge 

Mean S. D. 

7.8* 4.0 

141.2 11.0 

* Mean significantly lower than control 

p<0.05 

,. 
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larvae and were killed 24 hours later. The results 

(Table 1.7) indicate that in rats, in contrast to the 

above experiment in mice, an infection with irradiated 

larvae was effective in priming for rapid expulsion. 

5. Effect of size of challenge infection upon 

expression of rapid expulsion in mice 

In rats, rapid expulsion is known to be 
41 

effective against both small and large challenge 

infections (Bell and McGregor, 1979a). To find 

whether this held true for mice, a group of'eighteen 

7-week-old male NIH mice w a-s infected with approximately 

300 T. spiralis larvae and divided into three groups of 

six mice (groups 1,2 and 3). `Fourteen days after the 

primary infection, groups 1,2 and 3, together with the 

three similar groups of non-infected age-matched control 

mice, were challenged with 30,300 and 600 T. spiralis 

larvae, respectively. All of the groups were killed 

24 hours after the challenge infection. The results 

are shown in Table 1.8. The results indicate that 

expulsion of the lowest challenge infection (30 larvae) 

was as complete as that of the highest level of 

challenge infection (600 larvae). 
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TABLE 1.8 

Rapid expulsion of T. spiralisfrom low- 

and high-level challenge infections given to NIH, mice 

on day 14-of a primary infection. 

Size of 
challenge 
infect ion 

No. of worms recovered 
24 hours after challenge 

Control mice 0 Challenged mice 

Mean S. D. Mean S. D. 

30 13.8 3.3 0.1* 0.4 

300 -139.5 45.2 1.0* 2.3 

600 371.0 36.7 12.0* 15.1 

Mean significantly lower than the corresponding 
controls 

p<0.05 
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DISCUSSION 

The course of a primary infection with 

T. spiralis in NIH mice has been studied by a number of 

workers (Wakelin and Lloyd, 1976a; Manson-Smith, Bruce, 

Rose and Parrott, 1979b; Kennedy, 1980). The results 

of the initial experiment described here, confirm their 

results, in that primary infections were expelled 

between days 8-12 and indicate that the response char- 

acteristics of NIH mice had not altered significantly 

over a5 year period. 

A primary infection is characterized by three 

stages. Following infection, almost 550 of the 

infecting dose establish and develop to the maturity in 

the small intestine. A proportion (45%) of the larvae 

do not establish. As in the case of Nippostronyvlus 

brasiliensis (Jarrett, Jarrett and Urquhart, 1968), it 

is doubtful if this initial failure to establish is 

associated with the acquired immune response, but its 

cause remains unknown. The number of worms present in 

the gut remained relatively constant between days 1 and 

8 and the majority of the worms were located in the 

anterior half of the small intestine during this time. 

Expulsion was preceded by a movement of worms from 

their initial position in the anterior of the small 

intestine to the posterior region. Larsh, Gilchrist 

and Greenberg (1952) and Campbell (1967) found a 

similar pattern of distribution of T. sniralis in 

i 
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young mice. However, other patterns of distribution 

can occur as demonstrated by Denham (1968) and 

Manson-Smith et al. (1979b), who found that most of the 

adult worms were recovered from the posterior half of 

the small intestine in IC1 albino mice and BALB/c mice 

respectively. Although the factors that control worm 

distribution and site selection are not fully understood, 

' there is good evidence that some helminths are capable 

= of moving into preferred sites after introduction into 

the intestine (Alphey, 1970; Braaten and Hopkins, 1969). 

However, in the case of T. spiralis this does not seem 

to be so and worms injected directly into the intestine 

will remain at the site of injection (Kennedy, 1980; 

Sukhdeo and Croll, - 1981). Thus, the distribution of 

- T. spiralis in hosts infected orally presumably reflects 

the pattern of initial establishment and this will be 

determined by a variety of host factors, such as age, 

diet and intestinal motility (Campbell, 1967). A 

change in pattern of distribution of T. spiralis in NIH 

mice presumably reflects the onset of intestinal changes 

associated with the development of the immune response 

as has also been suggested for a number of other nematode 

parasites, (e. g. Nippostrongylus brasiliensis, Alphey 

(1970) and Strongyloides ratti, Moqbel and Denham (1977). 

In NIH mice the loss of worms which accompanies 

the changes in distribution pattern is very sudden in 

onset and proceeds to completion very rapidly. The 
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intestine at this time shows gross inflammatory changes 

which appear initially in the anterior half of the small 

intestine, but then spread to involve the whole gut 

(see chapter 3). 

It is known that the inflammation is mediated 

by thymus-dependent immune responses (Wakelin, 1978a) 

and is associated with cellular infiltration in the 

mucosa (Larsh, 1963); at the same time there are 

profound physico-chemical changes in the intestinal 

environment (Castro, 1976)., Larsh and Race (1975) 

suggested that worm loss may result directly from'such 

environmental changes, which produce unfavourable 

conditions for worm survival and only indirectly from 

the immune response. 

A similar pattern of worm expulsion during 

primary infection was observed in rats, with worm 

expulsion occurring after day 8 and being almost 

complete by day 14. These results confirm those that 

have been reported by Gursch(1949), Gore, Burger and 

Sadün (1974), Ruitenberg (1974) and Love, Ogilvie and 

McLaren (1976), but in rats the worm distribution was 

not similar to that seen in NIH mice. In rats the 

majority of the worm population was located in the 

anterior half of the small intestine throughout the 

course of the primary infection. 

The ability of primary infections of 

T. spiralis to engender immunity to challenge, has been 
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reported by several workers with the expression of this 

immunity being measured in terms of an accelerated 

reduction in number of adult worms-. ' For example,. 

Rappaport and Wells (1951) reported that when'mice were 

challenged after a single infection with T. 'spiralis, 

accelerated worm expulsion occurred after 8 days 

compared with 17 days in the primary. In the 

experiments described here it was evident that 

" challenge infections could be expelled much more rapidly. 

--Initial experiments showed that challenge 

infections given shortly after expulsion of a primary 

infection when the gross inflammatory changes had 

disappeared, were expelled rapidly within 24 hours 

(rapid expulsion) in mice. Detailed observation 

showed that rapid expulsion occurred between 1.5 and 6 

hours after challenge. The rapidity with which 

challenge infections, are expelled suggests that either 

the intestinal environment is so altered by the 

primary infections that conditions are unsuitable for 

subsequent parasite establishment, or that the intestine 

is primed in such a way that the stimulus provided by 

the challenge evokes an almost instantaneous response. 

The recovery at 1.5 hours after challenge of an 

equivalent number of larvae from both immune and control 

might imply normal establishment as it is known 

(Despommier, Sukhdeo and Meerovitch, 1978) that larval 

penetration into the mucosa is extremely rapid, but 

there are insufficient experimental data to justify this 
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conclusion at present and it is. equally possible that 

the larvae recovered were in the lumen. rather than in 

the mucosa. Thus both mechanisms of rapid expulsion 

must be considered. The temporal relation between the 

intestinal changes and rapid expulsion and also the 

factors that generate such a condition will be discussed 

later (see chapter 3 in this section). A similar time 

course for rapid expulsion has been reported by Russell 

and Castro (1979) who noted that rapid expulsion occurred 

within 15 minutes after contact of the parasite with 

intestinal mucosa in immune rats. In mice this 

response to challenge was short-lived, challenge 

infections given more than 16 days after primary 

infection were not subjected to rapid expulsion, in this 

case worms were expelled more slowly (between days 4 and 

7 after challenge). In rats, however, the rapid.. 

expulsion response was persistent and was shown to 

operate against challenges given up to 49 days after 

primary infection, confirming the earlier observation 

of Bell and McGregor (1979a). 

The loss of the rapid expulsion response after 

day 16 of a primary infection in immune mice might be 

linked with a shorter duration of the cellular changes 

associated with intestinal inflammation. However, many 

'" other factors may be involved and the possibility of 

there being immune suppression induced by the muscle 

larvae present at that time cannot be excluded as it is 
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well established that infection-with T. spiralis 

depresses both humoral (Faubert and Tanner, 1971) and 

cellular (Ljungstrom and Huldt, 1977) immune 

responses to unrelated antigens. 

The persistence of the response in rats may 

be due to long-term persistence of cellular or physico- 

chemical changes in the intestinal mucosa, or it may be 

that the capacity of rats to express rapid expulsion is 

different from that of NIH mice and may involve-quite 

distinct mechanisms. In the rat system it has been ' 

shown by Russell and Castro (1979) that resistance to 

the actual establishment of larvae is the major factor 

responsible for the reduced worm burden found after 

challenge infection in immune rats. 

Primary infections with more than 50 larvae 

were necessary to induce rapid expulsion in mice, 

indicating that the factors required for the response 

are dependent upon the size of the primary infection. 

However, infection with irradiated larvae did not prime 

for rapid expulsion even when relatively large infec- 

tions were given. It is possible that irradiated 

larvae do not survive as well as normal larvae or that 

they cause less changes in the intestinal environment, 

_ý_ 
but it may also be that such larvae are less immunogenic, 

at least as far as rapid expulsion is concerned, because 

of irradiation induced damage to their development 

processes (Kim, 1957). Failure of irradiated larvae 
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A 

to induce rapid expulsion was not associated with any 

loss of immune capacity, because challenge infections 

given on day 21 after primary infection with irradiated 

larvae were expelled in an accelerated fashion. 

Here again, rats differed markedly from mice, with even 

low level primary infections (200 normal larvae) or 

infections with irradiated larvae stimulating a strong 

rapid expulsion response. 

In contrast to the species differences in 

priming for the response, the expression of rapid 

expulsion seems to be similar in both rats and mice. 

Rapid expulsion was effective against both small and 

large challenge infections. 
-- 

Bell and McGregor (1979a) 

have reported similar results in rats. 

,` 
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CHAPTER 2 

STAGE-SPECIFICITY OF INDUCTION AND 

EXPRESSION OF RAPID EXPULSION 

n 

ti 
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INTRODUCTION 

It has been shown (Chapter-1) that in NIH 
, 

w 

mice, a complete infection with T. spiralis is required 

to. stimulate rapid expulsion of a challenge infection 

given immediately after the primary infection has 

been expelled. 

The immunity engendered by a complete infection 

of T. spiralis in the host is considered to be due to 

all stages of the parasite (Despommier, 1977) and the 

response induced by the intestinal (enteral) phase of 

infection, is extremely complex. In a complete 

infection of T. spiralis, three separate stages are 

involved: 1- preadult,, - the development from infective 

larvae to the final moult to the adult (this takes 

approximately 48 hours), 2- adult - the stage after the 

final moult (this stage includes both sexually immature 

and mature adults), 3- migrating larvae - larvae 

released from adult females into the small intestine 

` 
from day 5. These migrate and encyst in skeletal 

muscles (see review of these stages by Larsh, 1963 and 

Bell, McGregor and Despornmier, 1979). 

In complete infections, it is difficult to 

study the contribution of the intestinal stages in 

. 
isolation from the. newborn and migrating larvae. 

Many techniques have therefore been devised to study the 

immunity against particular stages of T. spiralis. 
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Studies have been undertaken on- the induction of 

immunity by exposure to intestinal infections that are 

limited. in duration or that are restricted to a particular 

developmental stage by the use of irradiated larvae or 

drug abbreviated infections (see Campbell, Hartman and 

Cuckler, 1963a; Kim, 1957; Denham, 1966b). The 

development of transplantation techniques has allowed 

investigation of the expression of immunity against 

. adult worms. 

--One of the objectives of the studies in this 

chapter, was to elucidate some of the conditions 

necessary for the induction of rapid expulsion against 

T. spiralis larvae by the use of an anthelmintic to 

limit the duration of primary infections. Comparisons 

were made between the duration of primary infections 

needed to stimulate rapid expulsion in mice and rats. 

In some cases, infections with normal or irradiated 

larvae were limited to 3 days, i. e. to the intestinal 

stages only without any immunizing contribution from 

_ migrating larvae. In others, multiple, 3 day infec- 

tions were used to examine their effects on the 

stimulation of the rapid expulsion response with normal 

and irradiated larvae. 

A second objective was to investigate the 

susceptibility of adult T. spiralis to the rapid 

expulsion response induced by a complete primary 

infection with normal larvae. Transplantation 
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techniques were used to obtain Adult worm infections 

without prior exposure to infective larvae. Finally, 

" the susceptibility of normal and irradiated` larvae to 

the rapid expulsion response, induced by complete 

infections with normal or irradiated larvae, was 

examined. 

0 
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MATERIALS AND METHODS 

The strain of mice or rats and the methods 

A 

used for maintenance, infection and. worm recovery 

have been described in the general materials and 

methods. 

Drug abbreviated infections 

To expose animals to the intestinal phase of 

T. spiral i s, mice or lightly anaesthetised rats were 

infected orally with normal or irradiated larvae. 

Three days after infection animals were given an 

anthelmintic (see general materials and methods) to 

eliminate adult worms before larval production (i. e. 

infections were limited to 3 days). The animals were 

given one or several such infections. Methods used 

for monitoring the efficiency of the drug and for 

irradiating larvae have been described in the general 

materials and methods. 

Methods for transplantation of adults or 

T. -spiralis larvae 

Infective T. spiralis larvae were obtained by 

the methods described previously. Five-day-old adult 

___-worms were recovered by the modified Baermann technique, 

but incubation was limited to 45-60 minutes, instead of 

2 hours. Worms were selected randomly and no attempt 

was made to differentiate between male and female worms. 

S 
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The required number-of adult worms was removed 

.x 

into a small test tube (70x 10mm) and allowed to 

sediment at room temperature. The volume of II3SS 

(Hanks balanced salt solution) was then reduced to 

approximately 0.2 ml. Worms were normally transplanted 

not more than 2 hours after the donors had been killed. 

(It was found that worms used more than 2 hours after 

the death of the donors established less readily). 

Recipient mice were anaesthetised with sagatal 

(sodium pentobarbitone 60 mg/ml, May and Baker Ltd., 

Dagenham), in a solution of 95% ethanol and HBSS in the 

ratio of 1: 21 :9 by volume. This solution was injected 

intraperitoneally (I/P) at a dose of 0.01 ml/g body 

weight. At this dosage, anaesthesia is induced within 

a few minutes and persists for 2-3 hours. Operations 

were performed within 30-60 minutes of administration of 

anaesthetic. The mice were fixed to the operating 

surface using plastic tape and the skin over the upper 

abdomen shaved and sterilised with 70% ethanol. A 

small incision (approximately 1 cm long) was made 

through the skin near. the mid-line. The body wall was 

pierced with a scalpel and the incision was extended 

using blunt forceps. The proximal duodenum was pulled 

out through the incision from under the liver using a 

small metal hook. A hole was made through the 

duodenal wall with a hypodermic needle and the adult 

worms or larvae were injected from a drawn out glass 

pipette. Parasites were expelled into the duodenum in 

N 
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0.2 ml HBSS (adult) or 0.2% agar (larvae) in a 

direction away from the stomach. After removal of 

, 
the pipette the hole was sutured (0.7 Mer Silk Mersuture, 

Ethicon Ltd., a1inburgh). The peritoneal cavity and 

intestine were sprayed with an antibiotic mixture of 

bacitracin, neomycin and polymixin (Rikospray, Riker 

Laboratories Ltd., Loughborough). The intestine was 

replaced in the body cavity and the body wall closed with 

sutures and sprayed again with Rikospray. The skin 

was sutured, sprayed with Rikospray'and sealed with 

aerosol plastic skin (Nobecutane, Astra Chemicals Ltd., 

Watford). Blood loss was negligible and deaths 

following laparatomy were rare (usually due to 

anaesthesia). Operated animals were provide d' with 

antibiotic (terramycin) in the drinking water (see 

general materials and methods). 

., 

I 
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RESULTS 

1. Induction of rapid expulsion in mice and rats - 

duration of infection 

Large primary infections were necessary to 

evoke a rapid expulsion response in mice (see Chapter 1) . 

To examine the duration of infection necessary to 

,, stimulate rapid expulsion, animals were immunized by 

primary infections which were terminated at various 

times post infection by the use of anthelmintic. 

a) Mice 

Twenty 7-week-old male NIH mice received 

primary infections of 300 T. spiralis larvae and were 

divided into four groups (1-4) of fivemice. Three 

groups of these mice (1,2 and 3) received Methyridine 

on days 7,9 or 13 respectively, group 4 was untreated. 

On day 14 post infection, these previously 

infected mice, together with a control group of six 

uninfected age-matched mice, were given a challenge 

infection of 300 T. spiralis larvae and were killed 

24 hours later. The results are shown in Table 2.1. 

Rapid expulsion did not occur in mice given anthelmintic 

treatment on day 7 (group 1). The majority of 

challenge larvae were expelled from previously infected 

mice given anthelmintic treatment on day 9 (group 2) 

and challenge larvae were expelled completely from 
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Table 2.1 

The effect of duration of primary infec tion 

in NIH mice on the rapid expulsion of a challenge 

infection given on day 14. 

Anthelmintic drug, No. of worms recovered 
Groups primary infection 24 hours after challenge 

Mean S. D. 

1 Day 7 128.0* 20.5 

2 Day-9 40.0 16.4 

3 Day 13 2.6 2.0 

4 none 4.2 3.4 

5 none-challenge 138.0 8.4 
control 

* Mean was not significantly lower than control. 

p>0.05 

I 
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infected mice given anthelmintUc on day 13 (group 3) 

and from the untreated group (group 4). 

b) Rats 

Six, 8-9-week-old female Wistar rats were 

given a primary infection of 2000 T. spiralis larvae 

and received Methyridine on day 7 post infection. 

Fourteen days after this primary infection these 

previously infected rats, together with six control, 

uninfected age-matched rats, received a challenge 

infection of 500 T. spiralis larvae and were killed 

24 hours later. The mean worm recoveries from 

experimental and control rats were 27.3+39 and 188+24 

respectively. The results indicate that in contrast 

--to the above experiment in mice, in rats even 7 days 

exposure to T. spiralis infection stimulated a strong 

rapid expulsion response to challenge larvae. 

2. Induction of rapid expulsion by single or 

multiple abbreviated infections 

It has been shown that rapid expulsion of 

T. spiralis in rats is phase specific in induction and 

expression, for example, exposure to preadult infection 

lasting only 48 hours will elicit a rapid expulsion 

response on challenge with infective larvae (Bell and 

McGregor, 1979b). Experiments were designed to see 

whether this also held true for mice. 

'. 
,ý 



A. Abbreviated infections with normal 

T. spiralis larvae 

For these experiments, mice were exposed to 

single or repeated infections (with normal larvae) 

which were limited to 3 days duration (i. e. before the 

production of migrating larvae by the adult females). 

Any immunization that resulted could then be assumed to 

be. due to the intestinal phase of T. spiralis (preadult 

and immature adult) without any contribution of migrating 

and muscle larval stages. 

a) Mice 

Forty-eight, 7-week-old male NIH mice were 

divided into four groups of 12 mice (1-4) and half of 

each group exposed to primary infections of 3 days 

duration. Mice of group 1 were given one infection, 

those of groups 2,3 and 4 received two, three and 

four such infections, each infection being given 7 days 

after the previous infection. (During the anthelmintic 

treatment one mouse died from each of groups 2,3 and 4). 

All infections were with 300 larvae. The experimental 

design is shown on page 70. 

Mice in groups 1 and 2 were challenged, 

together with control groups on day 14. Mice in group 

3 were challenged together with a control group on day 

21 and mice in group 4 were challenged together with a 

control group on day 35. 

24 hours after challenge. 

All the groups were killed 

The results are shown in 

68 
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Table 2.2. Mice given one abbreviated infection and 

challenged on day 14 did not show rapid expulsion 

(group 1). Rapid expulsion of challenge larvae occurr- 

ed only in the groups of mice given two or mdre drug- 

abbreviated infections (groups 2,3 and 4). 

b) Rats 

To confirm the results obtained by Bell and 

McGregor (1979b) with 48 hour immunizations, and also to 

compare the induction of rapid expulsion by abbreviated 

infections in rats and mice similar experiments were 

designed for rats in which thirty-six, 8-9-week-old male 

Wistar rats were divided into 6 groups of six rats (1-6). 

These rats were infected every 7 days with 2000 

T. spiralis larvae and the infections were limited to 

3 days duration by anthelmintic. The experimental 

design shown on page 72 was essentially similar to that 

used with mice except that all the challenge infections 

were given at the same time. 

Rats in groups 1,2,3,4,5 and 6 received 

two, three, four, five, six and seven drug-abbreviated 

infections respectively and challenge infections of 

-500 larvae were given on days 14,21,28,35,42 and 49 

respectively. All the groups were killed 24 hours 

'---after challenge. The results are shown in Table 2.3. 

All the immune rats which had been given two 

" or more repeated infections showed rapid expulsion of 

%ý. 
ý :,, 
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Table 2.2 

Rapid expulsion of challenge infections of 

T. spiralis from NIH mice given single or repeated 

drug abbreviated infections (3 day duration). 

No. of drug No. of worms 
abbreviated Challenge recovered 24 

Groups infections infection hours after 
challenge 

Day Mean S. D. 

infected 1 14 176.2 28.6 
1 

control - 14 152.8 18.4 

infected 2 14 8.6* 7.4 
2 

control - 14 136.4 62.5 

infected 3 21 _. 4.9* 2.3. 
3 

control - 21 158.5 48.2 

infected 5 35 
. 

22.5* 12.6 
4 

control - 35 126.3 16.5 

Mean significantly lower than corresponding 

controls 

p <-, 0.05 . 
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Table 2.3 

Rapid expulsion of challenge infections of 

T. spiralis larvae from'Wistar rats given repeated 

drug-abbreviated infections (3 days duration). 

" No. of drug No. of worms 
abbreviated Challenge recovered 24 hours 

Groups infections infection after challenge 
Day Mean S. D. 

1 2 14 8.6* 7.1 

2 3 21 2.0* 1.7 

3 4 28 1.6* 0.8 

4 5 35 4.6* 4.2 

5 6 42 0.8* 1.3 

6 7 49 0.8* 1.2 

7 none challenge 188.4 24.3 
infection 

only 

mean significantly lower than control 

p<0.05 
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challenge larvae whether given on day 14 or up to 7 

weeks after the first immunizing infection. 

B. Abbreviated infection with irradiated 

larvae in mice 

The above experiments showed that two or more 

drug abbreviated infections with normal larvae were 

necessary to induce rapid expulsion and that with 

continued repeated infections, it was possible to 

elicit the response for at least 5 weeks after the 

first immunizing infection. Although complete infec- 

tions with irradiated larvae did not stimulate rapid 

expulsion (see chapter 1), it-va s decided to study 

the ability of repeated abbreviated infections with 

irradiated larvae to stimulate the response in order to 

determine whether an increased total exposure would be 

effective. As before, infections were limited to 3 days. 

Fourteen 7-week-old male NIH mice were 

divided into two groups of 7 mice (1,2). Mice from 

group one were given two infections of 300 irradiated 

T. spiralis larvae on day 0 and day 7 and each 

infection was terminated with Methyridine three days 

later. Mice from group 2 were similarly given three 

infections. of 300 irradiated larvae on days 0,7 and 

Groups 1 and 2 were given challenge infections of 

300 normal larvae on days 14 and 21 respectively. The 

times of the infections were staggered so that experi- 

mental groups were challenged on the same day and shared 
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Table 2.4 

Rapid expulsion of challenge infections of 

normal T. spiralis larvae from NIH mice given repeated 

drug-abbreviated infections (3 days duration) with 

irradiated larvae. 

No. of drug No. of worms 
abbreviated Challenge recovered 24 hours 

Groups infections infection after challenge 
Day Mean S. D. 

12 14 132.5 31.4 

23 21 
. 
161.3 26.3 

3 none challenge 182.5 16.4 
infection 

only 
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a common control. All the groups were killed 24 hours 

after challenge. The results are shown in Table 2.4. 

Mice given two or three drug-abbreviated infections 

with irradiated larvae did not show rapid expulsion. 

3. Expression of the rapid expulsion response as 

measured by the susceptibility of different 

stages of T. spiralis to this response 

The previous experiments showed that infective 

larvae given orally were susceptible to rapid expulsion 

generated both by complete infections and by two or more 

repeated intestinal infections with preadult and immature 

adult stages. It has been shown in rats that adult 

worms are resistant to rapid expulsion and that 

administration of a superimposed challenge infection of 

infective larvae, which is itself rapidly expelled, does 

not affect an existing adult worm population (Bell and 

McGregor, 1979a). 

Experiments were designed to test a) whether 

laparatomy itself had any effect on the ability of 

subsequent oral infections or of transplanted worms to 

establish in the intestine; b) whether surgically 

implanted infective larvae or adult worms would initiate 

and be susceptible to rapid expulsion in mice primed by 

a complete infection; c) whether orally administered 

challenge larvae have any effect on an existing adult 

population present at the time of challenge. 

,ý 
,. 
,ý 
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a) Effect of laparatomyon subsequent infection: 

Twelve 7-week-old male NIH mice were infected orally 

with 300 T. spiralis larvae on day 0 and they were 

divided into two groups of six mice (1-2). On day 14 

group one, together with sixicontrol uninfected age- 

matched mice, was given a sham transplant operation, 

i. e. instead of worms, 0.2 ml of HBSS was injected into 

the small intestine. Three hours later (the time 

necessary for recovery from anaesthesia) the mice were 

challenged orally. with. 300 T. spiralis larvae. Mice 

from group 2, together with control uninfected mice, 

were also challenged and all, the mice were killed one 

day later. The numbers of, worms recovered from the 

sham operated immune and control mice were 21+19 and 

122.5+18 respectively. The numbersof worms recovered 

from immune and control mice not, given the sham operation 

were 3.6+1.8 and 154.8+43 respectively. The results 

suggest that sham operation, had no major effect on 

subsequent infection, as far as establishment in control 

mice, or as far as rapid expulsion in inunune mice was 

concerned. 

b) Susceptibility of transplanted infective larvae or 

adult worms-to rapid expulsion induced by complete 

infection: 

Six 7-week-old male NIH mice were infected orally with 

approximately 300 T. spiralis larvae. On day 14 of a 

primary infection, these infected mice together with six 

control uninfected mice were given 300 infective larvae 
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by direct injection into the duodenum. All the mice 

were killed 24 hours after transplantation. The 

results are shown in Table 2.5 (groups 3 and 4). In 

this experiment, the majority of the transplanted larvae 

were expelled rapidly from immune mice, but transplanted 

larvae established normally in the control uninfected 

mice. 

This experiment showed that transplanted 

81 infective larvae were susceptible to rapid expulsion. 

The next experiment examined whether this would also be 

true of transplanted adult worms. Six 7-week-old male 

NIH mice were infected orally with approximately 300 

T. spiralis larvae. On day 14 of the primary infection, 

these previously infected mice, together with six 

uninfected age-matched control mice, were given 100 5- 

day-old adult worms by direct injection into the duodenun. 

Receipient mice (immune and control) were killed one day 

after transplantation of adult worms. The results are 

shown in Table 2.5 (groups 1 and 2). Transplanted 

adult worms were expelled rapidly from immune mice, but 

they had the ability to establish normally in relation to 

control mice. 

In order to examine whether challenge larvae 

given orally have any effect on an existing adult 

population present at a time of challenge, a further 

experiment was designed. 
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Six 7-week-old male NIH mice were infected 

orally with 300 T. spiralis larvae. On day 14 of the 

primary infection, those mice, together with six 

uninfected, age-matched control mice, were given 100 

5 day adult worms by direct injection into the 

duodenum. Three hours after transplantation of 

adult worms (i. e. the time necessary for recovery from 

anaesthesia) recipient mice were infected orally with 

300 larvae and were killed 24 hours later. The 

results are shown in Table 2.5 (groups 5 and 6). Both 

the 5 day-old adult worms and the larvae were expelled 

rapidly from immune mice and both established normally 

in control uninfected mice. 

Susceptibility of normal or irradiated larvae to 

rapid expulsion induced after primary infection 

with irradiated or normal larvae 

In repeated experiments (Chapter 1) it has 

been observed that stimulation with irradiated (4 Krad) 

T. spiralis larvae, did not prime mice to express rapid 

expulsion when a challenge infection of normal larvae 

was given on day 14 of a primary infection. A series 

of experiments was carried out to, a) confirm this 

finding, b) examine the susceptibility of irradiated 

larvae to rapid expulsion induced by prior infection 

with irradiated larvae and c) examine the susceptibility 

of irradiated larvae to rapid expulsion induced by 

prior infection with normal larvae. 
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Rapid expulsion of 5-day-old adult worms or 

infective larvae of T. spiralis transplanted into, or 

given orally, to NIH mice on day 14 of a primary 

infection. 

Group Infection Challenge 
Day 0 Day 14 

1 300 larvae 100 adult+ 

2 none 100 adult+ 

0 

Worm recoveries 
24 hours after 

challenge 
Mean S. D. 

1.6 1.7 

30.0 9.4 

3 300 larvae 300 larvae+ 20.5 16.2 

4 none 300 larvae+ 127,2 13.4 

5 300 larvae 100 adult+ 2.6 3.4 

300 larvae 12.2 5.5 
(orally) 

6 none 100 adult+ 36.0 9.7 

300 larvae 102.6 30.2 
(orally) 

+ Transplanted worms 
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The design of the first experiment followed 

previous patterns (Chapter 1). In the second experi- 

ment, six mice were infected with 300 irradiated larvae 

and 14 days after primary infection these mice, together 

with six control uninfected mice, were given 300 

irradiated larvae and killed 24 hours later. 

In the third experiment, twelve 7-week-old 

male NIH mice were infected orally with 300 T. spiralis 

larvae on day 0 and divided into two groups of six mice 

(groups 2a and 2b). On day 14 of the primary infection, 

group 2b mice, together with control uninfected mice, 

were given a challenge infection of 300 irradiated 

larvae and the other group (2a), together with six 

-_ uninfected control mice, were given a challenge infec- 

tion of 300 normal larvae. All the mice were killed 

24 hours later. The results of all these experiments 

are shown in Fig. 2.1. 

(N. B. The controls were common to both sets of experi- 

mental groups). 
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DISCUSSION 

The results from the first experiment 

described in this chapter showed that a 7-day 

intestinal exposure to T. spiralis did not prime mice 

for a rapid expulsion response when they were challenged 

on day 14. When the period of infection was increased 

to 9 days, rapid expulsion did occur. By day 14 the 

gross inflammatory changes which are present in the 

intestine on day 9 (as judged by fluid accumulation) 

are absent. However, these results indicate that 

whatever conditions are necessary for rapid expulsion, 

they remain for at least 5 days after a9 day infection 

has been terminated. Thus, the factors mediating 

rapid expulsion are dependent on the duration of 

infection and if these factors are a consequence of the 

inflammatory changes in the intestinal environment, 

then clearly there is a minimum degree of inflammation 

necessary for their production. Larval and adult worms 

may induce intestinal changes not only by mechanical 

damage, (T. spiralis penetrates into intestinal mucosa), 

but also through mechanisms which are stimulated by the 

release of antigenic material. Nine day infections 

would involve greater direct damage than 7 day infections 

and would expose the host to a greater total antigenic 

stimulus and therefore, would presumably induce more 

severe changes in the intestinal environment. In 

addition, the release of new born larvae would continue 

for a longer period of time and these migrating larvae 
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should also be considered as a factor in the induction 

of intestinal changes. 

It is probable that the longer persistence 

of the above stimulatory factors brings about more 

pronounced cellular changes in the intestine. Indeed, 

when infections were terminated on day 7 post infection, 

the level of the cellular response, as measured 

histologically, declined sharply over the next few days. 

This indicates that if the intestinal stimulation is 

interrupted early in the infection, the cellular response 

will not reach the maximum level seen in complete 

infections. The relation of these changes to rapid 

expulsion are discussed further in Chapter 3. 

In contrast to the situation in. mice, in rats 

7 days exposure to infection was sufficient to stimulate 

the rapid expulsion response, the results obtained here 

confirming those of Bell and McGregor (1979b). This 

distinct difference between the two species suggests 

that in the rat, the mechanism which generates rapid 

expulsion, is developed very quickly and that the innate 

capacity of rats to mount the response is different from 

that of mice. One reason for this may be that the 

factors which are involved in rapid expulsion are 

normally present at higher levels in rats than in mice 

(also see histology, Chapter 3). 

Thus, it appears that there is a minimum 

duration of infection necessary for-priming the rapid 
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expulsion response and this threshold is greater in 

mice than in rats. This hypothesis has been tested 

by the use of drug-abbreviated infections. One drug- 

abbreviated infection lasting for 3 days did not 

prime mice for rapid expulsion. Therefore, the dura- 

tion of infection and presumably also the total amount 

of antigenic material released from the parasite, are 

factors which are important to the generation of the 

10 response. These result amplify the observations made 

from 7 day infections in mice. Again, the minimum 

duration of infection necessary to elicit rapid 

expulsion is quite different in mice and rats. 

Indeed, as Bell and McGregor (1979b) have shown, a single 

exposure to preadults lasting only 48 hours provokes 

rapid expulsion in rats, whereas an infection of 3 

days duration was quite ineffective in inducing this 

response in NIH mice. 

Interestingly, two drug-abbreviated infections, 

each lasting 3 days, were sufficient immunization to 

give rise to a rapid expulsion response in mice challeng- 

ed_14 days after the first infection. It is unlikely 

that the effectiveness of this protocol was related 

simply to the total duration of infection (i. e. 6 days), 

and it seems more likely that the effects are due to the 

-`-fact that the second infection, given on day 7, caused 

a much more rapid development of cellular changes in the 

intestinal mucosa. Three and five abbreviated infections 

(i. e. given between days 0 and 14 or days 0 and 28, 
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respectively), induced rapid expulsion to challenge 

infection given on day 21 or 35. These findings raise 

an interesting point. After two immunizing infections, 

the duration of subsequent immunizing infections would- 

be short, as they would themselves be subjected to 

rapid expulsion. However, unlike the situation that 

follows a single complete infection, multiple immuniza- 

tions apparently brought about a more persistent 

capacity for expressing rapid expulsion. The mechanisms 

which may be involved in this phenomenon can be consider- 

ed in the following order. 

1. Small numbers of worms may remain in the gut 

after the third or subsequent infections and may gener- 

ate inflammatory changes making the intestinal environ- 

ment unsuitable for the next infection to establish. 

In this case, this condition would have to remain for 

at least 4 days after the drug treatment. 

2. The challenge infection may trigger a new 

response in which the primed intestine, upon contact 

with the parasites, gives an immediate response leading 

to-the rapid expulsion of the challenge larvae. In 

this'case, this sensitized condition would have to 

per. s ist for at least 7 days after the infection. 

If all infections given after day 14 were subjected to 

rapid expulsion, this condition would have to remain for 

one or three weeks when challenge infections were given 

on day 21 or 35. An attempt was made to increase the 

time between the last abbreviated immunization and the 
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challenge infection to determine whether in fact, 

sensitization would persist for this time. In this 

case, mice were given three drug-abbreviated infections 

and challenged either on day 28 or 35 (i. e. two or three 

week gap respectively). Unfortunately, because of 

technical problems, the results were variable and there- 

fore unsatisfactory. (These have not been included in 

the text). 

3. The persistence of rapid expulsion after two 

or more drug-abbreviated infections may suggest that by 

terminating the infection before larval production, mice 

were not subjected to suppression induced by encysted 

muscle larvae. It has been shown, for example, that 

after a complete infection (in which muscle larvae also 

were involved) rapid expulsion persists for a rather 

shorter period of time (until day 16 post infection, 

see Chapter 1). In addition, it is known that muscle 

larvae suppress both humoral and cellular responses to 

unrelated antigens in mice (Faubert and Tanner, 1971; 

Ljungstrom and Huldt, 1977). It is, of course, 

possible that these three hypotheses are not exclusive 

and that they may work in combination to affect the 

induction and/or the suppression of the, rapid expulsion 

response in mice. 

In rats the rapid expulsion response induced 

with either single complete or repeated drug-abbreviated 

infections, persists for a longer period of. time (up to 

7 weeks). Therefore, it is likely that of the three 
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possibilities suggested above for the mechanism of 

rapid expulsion in mice, probably the first and second 

also apply to rats, but there is no justification for 

the third hypothesis, since at present there is no 

evidence to show that muscle larvae are involved in the 

suppression of immunity in rats; indeed, this could be 

an interesting subject for further investigation. 

Although a single drug-abbreviated infection 

does not give rise to a rapid expulsion response in 

mice, there is evidence to show that it does immunize 

against a subsequent challenge infection, Denham 

(1966a) for example, reported that intestinal infections 

of 3 or 4 days duration, terminated by means of 

Methyridine treatment, produced strong immunity against 

challenge infection as measured by the number of larvae 

in the muscle. Even infections limited to one day 

duration can stimulate strong immunity to challenge 

infection,, as measured both by the number of adults in 

the intestine and of larvae in the muscles (Campbell 

et al., 1963al. 

It has been shown that complete infections 

with irradiated larvae did not prime mice for rapid 

expulsion, therefore an attempt was made to induce rapid 

-------expulsion by repeated intestinal infection with such 

larvae. The results showed that even repeated 

intestinal infections (3 days duration) did not 

induce a rapid expulsion response. Although it is 
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known that a dose of 4 Krad irradiation given to. 

infective larvae will prevent sexual maturation 

(Levin and Evans, 1942; Kim, 1957), this does not 

necessarily suggest that migrating or encystdd muscle 

larvae are necessary for induction of rapid expulsion, 

since the experiment using drug-abbreviated infections 

with normal larvae has excluded this possibility. The 

failure of repeated (3) abbreviated infections with 

a irradiated larvae to induce rapid expulsion, may suggest 

that such larvae are not capable of generating the 

factors necessary for the induction of this response. 

By contrast, two drug-abbreviated infections with 

normal larvae generate this response, effectively. 

G ould, Gomberg, Villel la and Hertz (1957) and Kim (1957) 

noted that irradiated larvae are less immunogenic and 

smaller than normal larvae and it is possible that 

irradiated larvae cause less inflammatory changes in the 

intestinal environment. In support of this, Denham 

(1966b)has reported that the immunity induced by 

irradiated larvae to challenge infection (as assessed by 

the number of larvae in the muscles) was weaker than 

that from normal larvae. In contrast to the failure 

of irradiated larvae to induce rapid expulsion, the 

expression of the response against normal or irradiated 

larvae seems to be the same and therefore, in this 

situation, the larvae must be capable of stimulating 

the response to an equivalent` degree. 



90 

The rapid expulsion of transplanted adult 

worms from the mouse intestine suggests several 

interesting possibilities. Firstly, the minimal 

environmental changes present on day 14 after primary 

infection could result in conditions unsuitable for 

adult worm establishment, i'. e. rapid expulsion is not 

a de novo secondary response. Secondly, and 

alternatively, both the larvae and adult worms could 

be antigenically related and each able to trigger 

rapid expulsion as a secondary response. Thirdly, 

because of the large size of the adult worms and their 

greater locomotory capability, it is possible that 

establishment could occur before triggering and 

ultimate expression of the rapid expulsion response. 

The expulsion of adult worms does not seem to 

be related to the time spent in the donors. For example, 

Kennedy, Wakelin and. Wilson (1979) have shown that adult 

worms taken from NIH donors at different times after 

infection were capable for surviving after trans- 

plantation into naive mice. 

The effect of inflammation on worm rejection 

has been examined by Wakelin and Wilson (1979b)who 

noted that the worms transplanted into infected recipient 

mice (at the time at which the intestine was actually 

inflamed) were expelled rapidly. In this study, 

however, the adult worms were transplanted when the 

gross inflammatory changes had disappeared, but rapid 
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expulsion still occurred. At. present, all of the 

aforementioned possibilities for expression of rapid 

expulsion against adult worms have to be considered. 

Bell and McGregor (1979a, b) reported that although 

rapid expulsion of larval stages occurred in rats that- 

were immunized with large numbers of adult worms, 4-day- 

old adult worms were not susceptible to the rapid 

expulsion response produced by either 48 hours or 7 days 

" exposure to intestinal infection. Again in this 

respect, rapid expulsion differs in mice from what has 

been shown in rats. Bell and McGregor (loc. cit. ), 

therefore concluded that the induction and expression 

of rapid expulsion was stage-specific. However, the 

mechanism through which this stage-specificity operates 

is not clear and its involvement in induction and 

expression of rapid expulsion has still to be proven. 

Indeed, stage-specificity may not occur with the enteral 

phases of development. It is possible that their 

results with adult worms reflect the fact that restricted 

intestinal infections may stimulate weaker responses than 

do complete infections. In addition, it is not 

possible to evaluate accurately the role of separate 

intestinal stages in priming for rapid expulsion, 

because the use of drug treatment cannot restrict the 

infection wholly to one particular stage, as development 

in the intestine is so rapid. 

If rapid expulsion depends on antigenic 

presentation by specific stages, it is possible that 

i 
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all of the intestinal stages,. larvae preadult and adult 

of T. spiralis, are immunogenic and antigenically 

related. In fact, there is some evidence to suggest 

that both larvae and adults have common functional 

antigens (possibly the stichocyte antigens -Despommier, 

1974). The present results support this view and 

confirm that both adults and larvae are susceptible to 

rapid expulsion. 

a 
Although it, appears that the enteral and 

parenteral stages of the parasite have various basic 

similarities, it is likely that they may also exhibit a 

number of differences. For example, Philipp, Parkhouse 

and Ogilvie (1980) have demonstrated that infective 

larvae and adults share a number of surface (cuticular) 

proteins, but those on the newborn larvae are 

qualitatively different from those on enteral stages. 

Complement activation is triggered by the-cuticle of the 

enteral stages, but not by that of newborn larvae 

MacKenzie, Jungery, Taylor and Ogilvie (1980). 

Therefore, it seems plausible that the host may generate 

separate, possibly different, immune responses to the 

enteral and parenteral stages of this parasite. ' Indeed, 

Oliver, Gonzalez and Levine (1962) have. proposed the 

existence of a dual antibody response to T. spiralis 

" ý-' infection and suggested that these antibodies are 

specific to either the enteral or parenteral stages. 

Subsequent studies by James and Denham (1974) reported 

that the migrating and encysting muscle larvae-provoke 
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a response against challenge only with these stages. 

The effector mechanisms (antibody and/or cells) which 

contribute to this stage-specificity, may be important 

in the expression of the response against the enteral 

and parenteral stages of the parasite. In fact, there 

is an interesting in vitro study which has shown that 

the serum of animals infected with T. spiralis contains 

particular antibodies, each specific to the surface 

' antigens of particular stages in the life cycle (new 

born larvae, infective. larvae and adult worms) and 

capable of mediating attachment by inflammatory cells to 

the parasite surface (MacKenzie, -Preston and Ogilvie, 1978). 

In conclusion, the results suggest that the 

parenteral stages of T. spiralis are not required to 

produce rapid expulsion and that stimulation by the 

intestinal stages alone is effective in bringing about 

rapid expulsion. However, the results do not rule out 

the possibility that intestinal changes caused by 

migrating larvae (released from adult worms into the 

intestine) may contribute to the response. This 

phenomenon (rapid expulsion) can be considered as a 

specific response to the enteral stages and the results 

also suggest that in some way the muscle larvae may 

exert some suppressive effect upon the rapid expulsion 

response in mice. 



94 

"r 

CHAPTER. 3 

A. INTRODUCTION TO CELLULAR AND 

PATHO-PHYSIOLOGICAL CHA. I3ES IN THE 

SMALL INTESTINE INDUCED BY 

PARASITIC INFECTION 
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The intestinal immune response generated 

during a primary infection with T. ` spiralis may operate 

in a variety of ways to reduce any pathogenic effects of 

parasite origin. The outcome of this immune'response 

includes structural damage to the parasites, reduction of 

worm fecundity and growth and, most importantly, the 

expulsion of the worms from the host intestine (see 

Despommier, 1977; Wakelin, 1978a). It. has been suggested 

that in T. spiralis infections, the mechanisms which bring 

about worm expulsion are generated by a complex inter- 

action between immunological components (i. e. antibodies 

and lymphocytes) and factors which are nonspecific in 

action (Wakelin, 1978a). Rejection of T. spiralis appears 

to be caused directly by the effects of inflammatory 

changes rather than by the direct action of the immune 

response (Larsh and Race, 1975). This mechanism 

however, does not necessarily operate in other parasite 

systems, as in some helminth infections expulsion of the 

parasite is not characterised by a severe inflammation of 

the gut (for example, Trichuris muris in mice - Jenkins, 

1977 and Lee, personal communication; Hymenolepis 

diminuta in mice - Andreassen, Hindsbo and Ruitenberg, 

1978). 

Castro (1976) has defined the inflammatory 

"^---responses found in T. spiralis infections as a chain of 

events leading from mucosal injury to gross inflammation. 

Initiation of these events may arise from traumatic or 

chemical stimuli, provided by the parasite upon contact 

I 
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with the host and by additional immunological stimuli. 

The characteristics of inflammation may be different in 

various tissues and much depends on the nature and the 

site of stimulus. 

To gain an insight into the complex mechanisms 

involved in inflammation, it is necessary to be aware of 

some of the components of the inflammatory process. 

The following brief review will examine the available 

data on the inflammatory processes and the cellular and 

physico-chemical factors generated in response to nematode 

infections, particularly infections with T. spiralis. 

It is difficult to separate functionally the 

components or mediators which contribute to the in- 

flammatory process but these factors will be discussed 

in the following order: 

1. cellular changes 

2. mediators 

3. patho-physiological changes 

1. Cellular changes 

A. Mast cells 

Mast cells are mononuclear cells of between 

10-30 microns in diameter. They are present in the 

extravascular tissues throughout the body (Askenase, 1980). 

Mast cell size increases steadily as animals grow older 

and the size may vary between species (Padawer, 1979). 

Mast cells possess in their cytoplasm several meta- 
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chromatic granules which stain with basic dyes. These 

granules contain a variety of substances such as 

mucopolysaccharides, which are responsible for the 

characteristic metachromasia and vasoactive amines such 

as histamine and 5-hydroxy-tryptamine (5. H T). These 

vasoactive amines can be present singly or together 

depending on the species. The other biological 

substances which are present and which are released on 

' degranulation of the mast cell are fully reviewed in the 

literature (see Askenase, 1980; Leid and Williams, 1979). 

Mast cells have been shown to possess receptors 

for the Fe portion-of homocytotropic antibodies 

(Wasserman, 1979). It has been reported that mast cells 

in the intestinal mucosa and the lungs differ from those 

in connective tissues in their morphology, histochemistry 

and mucopolysacc. h a ride contents (Enerback, 1966a, b and 

c; Miller, 1969). They are also different in their 

responses to degranulating agents such as 48/80 

(Enerback, 1966b; Miller, 1969; Befus, Pearce, Gauldie, 

Horsewood, Goodacre, Cole, Heatley and Bienenstock, 1979a). 

In contrast to connective tissue mast cells, which have 

receptors'for IgE only on their surfaces, it has been 

demonstrated that IgE is present notonly_on the surface of 

mucosal mast cells, but also in the cytoplasm (Mayrhofer, 

1977; Mayrhofer, Bazin and Gowans, 1976). Most of 

these studies have been done in rats and little is known 

of these cells in mice. The origin of the mucosal mast 

cell is not known, but it has been reported that it is 
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thymus dependent and appears to be under thymus 

regulation at least in response to parasite infection 

(Ruitenberg and Elgersma., 1976; Mayrhofer, 1979b and 

Mayrhofer and Fisher, 1979). Intestinal mastocytosis 

can be adoptively transferred by injecting immune MLNC 

(mesenteric lymph node cells) or immune TDL ('thoracic 

duct lymphocytes) into animals infected with 

N. brasiliensis or T. spiralis (Befus and Bienenstock, 

1979; Nawa and Miller, 1979; Alizadeh and Wakelin, 

1981a). This aspect will be more fully discussed in 

chapter 5. By contrast, it has been proposed that 

connective tissue mast cells originate from fetal. 

liver, blood, spleen or bone marrow precursors (see 

Kitamura, Yokoyama, Matsuda, Ohno and Mori, 1981). 

Other more minor differences between connective tissue 

mast cells and mucosal mast cells have also been 

reported (see Askenase, 1980). 

It has been suggested that intestinal mast 

cells can be divided into two sub-groups, those which 

are located in the lamina propria and the so-called 

globule leukocytes which are found in the intra- 

epithelial position (Ruitenberg and Elgersma, 1979; 

Murray, Miller and Jarrett, 1968; ' Whurand Gracie, 

1967; Miller and Jarrett, 1971). The origin and 

----function of both cell types is controversial. Murray 

et al. (1968) considered globule leukocytes amine- 

containing cells which were derived from subepithelial 

mast cells. However, Whur and Gracie (1967) considered 



.... m, -ý 
" 99 

, 

them unrelated to the subepithelial mast cells. 

Extensive studies in mice and rats (Ruitenberg, 

Elgersma and Kruizinga, 1979a; Ruitenberg, Elgersma and 

Lamers, 1979b; Ruitenberg and Elgersma, 1979,1980), 

have suggested that the globule leukocytes are an 

independent cell population and that the degree of the 

globule leukocyte response to T. spiralis is thymus 

dependent. 

Function of mast cells 

In vivo mast cells mediators are released 

when antigen combines with homocytotropic'antibodies 

attached to the mast cell membrane. Although there is 

some evidence (Askenase, 1980) that the release of mast 

`cell mediators can occur without the contribution of 

antibody, the weight of evidence suggests that antibody 

is.. usually implicated in mast cell degranulation. 

Two distinct. antibodies, namely IgE and a sub- 

class of IgG have been found to be responsible for 

triggering this degranulation. These have in the past 

been referred to as "homocytotropic antibody" (Mota, 

1964), "reagin like antibody" (Ogilvie, 1967) or loosely 

as'IgE". These terms simply refer to specialised 

immunoglobulins capable of sensitizing target cells such 

---J'''as mast cells for the release of pharmacological agents 

on reaction with antigen. The major functional differ- 

ence between the two aforementioned antibodies is simply 

_a 
.L 

1ý 
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the length of time that they persist on the cell 

surface and thus allow the release of the mast cell 

mediators. In addition IgE is thermo-labile. 

These mediators, two of the most important of 

which have been found to be histamine and 5HT, possess 

the ability to induce immediate tissue reactions such 

as weal and flare and anaphylaxis and also may mediate 

more prolonged inflammatory events (Wasserman, 1979). 

Although reäginic antibody is commonly found 

in animals infected with helminth parasites, e. g. in 

rats infected with N. brasiliensis (see Ogilvie, 1967; 

Jarrett, 1973) and in mice and rabbits infected with 

T. spiralis (see Sadun, Mota and Gore, 1968), its role 

in the immune response to parasites is not well under- 

stood. In most helminth infections it has been 

reported that the circulating levels of this antibody 

increased after worm expulsion (Murray, 1972; Katz, 

1980) and in addition, Rivera-Ortiz'and Nussenzweig 

(1976) have reported that no correlation could be 

demonstrated between worm numbers and circulating 

reaginic antibody 'titers in various strains of mice , 

infected with T. spiralis. The site of sensitization 

of mast cells by reaginic antibody is not known. 

__Recently 
it has been suggested that sensitization of 

mast cell percursorsmay occur in the MLN and that 

sensitized mast cells may then home to the intestine 

(Gillon, 1981). This local sensitization could explain 
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the coexistence of sensitization with low titers of 

circulating antibody. It also may be that IgE is, in 

fact, produced locally, since it is known that IgE is 

present in the cytoplasm of mucosal mast cells and it is 

possible that upon degranulation IgE is released into 

the intestinal environment. 

The role of mast cells in parasite infections 

Nematode parasites which live in the gut often 

cause the accumulation of mast 'cells in the intestinal 

mucosa. Such an increase has been demonstrated in rats 

infected with N. brasiliensis. (Taliaferro and Sarles, 

1939; Wells, 1962; Miller and Jarrett, 1971; Befus 

. --_and Bienenstock, 1979) and in mice and rats infected'with 

T. spiralis (Karmanska, Kozar, Seniuta and Czajkowska, 

1971; Ruitenberg and Elgersma, 1976 and 1979). In 

both NIH and B1OLP mice, the peak mast cell response has 

been found to coincide with the expulsion of T. spiralis 

(see Alizadeh and Wakelin; 1981cand Ruitenberg and 

Elgersm a, 1976 respectively), but in other strains of 

mice, such as CBA, the peak response does not occur 

until after worm expulsion (Tronchin, Dutoit, Vernes and 

Biguet, 1979). These differences in the rise of mast 

cells have also been reported in strains of rats infected 

with N. brasiliensis (Nawa and Miller, 1979). Apart 

from such differences in the time of peak response, host 

strain differences have been found in the time of the 
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initiation of the response, for example, to T. spiralis 

and T. muris in mice (Alizadeh and Wakelin, 1981b; Lee, 

personal communication, see also chapter 6). 

The role of mast cells and their function in 

s 

immunopathological responses to nematode parasites, have 

been studied for many years and several hypotheses have 

been suggested. It is possible that mucosal mast cells 

participate in inflammatory responses via an anaphylactic 

reaction mediated by reaginic antibodies. The release 

of mediators such as vasoactive amines would increase 

both vascular and mucosal permeability and these changes 

in permeability may then cause local changes in the 

intestinal environment, making it unsuitable for parasite 

survival (Urquhart., Mulligan, Eadie and Jennings, 1965; 

Murray, Jarrett and Jennings, 1971). Barth, Jarrett 

and Urquhart (1966) suggested that an increased gut 

permeability would allow anti-worm antibodies to reach 

worms present in the lumen. The possibility that 

biogenic amines affect worms directly has been proposed 

by Jones and Ogilvie (1971) and is supported by some 

in vitro studies (Rothwell, Prichard and Love, 1974). 

There are, however, many arguments against the direct 

involvement of mast cells in parasitic infection. 

Kelly and Ogilvie (1972), for example, reported that 

while an increase of mast cells occurred in lactating 

rats infected with N. brasiliensis, this did not result 

in normal worm expulsion (the failure of lacting rats to 
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reject the worms, however may be due to a deficiency 

in lymphocyte function). The lack of correlation 

between mast cell response and expulsion of T. spiralis 

in some strains of mice has already been discussed. 

It is possible that mast cells are involved 

more directly in the secondary response to infection. 

This concept is suggested by the fact that the numbers 

of mast cells remain high for many days after the 

parasite has been expelled and the host is frequently 

capable of a rapid response to reinfection. A number 

of authors have noted, for example, that in rats 

infected with N. brasiliensis the number of mast cells 

remained higher than control levels for up to 56 days 

--after 
infection (see Miller, 1969; Mayrhofer, 1979a; 

Macdonald, Murray and Ferguson, 1980). In addition, 

the mucosal mast cell response develops more quickly in 

a secondary infection and it has been suggested that 

there is a mast cell "memory" in rats after infection 

with N. brasiliensis (Mayrhofer, 1979a). More recently 

it has been suggested that mast cells may be involved in 

repair mechanisms following parasitic infection 

(Ferguson and Miller, 1979), protease secreted by these 

cells contributing to the processes involved in re- 

organization of the intestinal structure. 

The implication of all the above hypotheses 

may well be that mast cells are, in fact, in some way, 
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directly or indirectly, involved in the regulation of 

the overall response to parasite infection. 

B. Goblet cells 

It has been reported that two types of mucus 

a 

secreting cells are found in the small intestine of 

rats, namely goblet'cells, which are located in the 

epithelial lining of the lumen and cuboidal cells, forming 

the acini of Brunner's glands (Wells, 1963). 

The role of mucus in the protective response 

against bacterial infection has been shown by Florey 

(1955) and Dixon (1960) who noted that mucus has 

properties enabling it to trap bacteria. More recently, 

attention has been focussed on the role of goblet cells 

and the intestinal mucus layer in protective responses 

to helminth infection. Some time ago, Frick and Ackert 

(1948) showed that mucus from chickens had an inhibitory 

effect on the growth of Ascaridia galli in vitro. 

Wells (1963) has reported that the number and output of 

mucus secreting cells increases during the expulsion of 

N. brasiliensis in rats and Miller and Nawa (1979a and b), 

as well as confirming this earlier finding, noted that 

" 
the adoptive transfer of TDL also resulted in an increased 

proportion of goblet cells in the small intestine. In 

her discussion of the function of mucus in N. brasiliensis 

infected rats, Wells (1963) suggested that it may have 

a mechanical role in trapping the worms and facilitating 
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their intestinal passage and expulsion. In fact, both 

mast cells and goblet cells are present in large numbers 

during the expulsion of the parasite and this may suggest 

that goblet cells also participate in the environmental 

changes in the small intestine and may directly or 

indirectly, influence intestinal pe ristalsis thus 

facilitating parasite expulsion. Several mechanisms 

have been suggested for the release of mucus from 

goblet cells. It has been shown, for example, that 

mast cells or mediators released from them can increase 

the production of mucus by goblet cells and that immune 

complexes and anaphylatoxin have some influence on the 

release of mucus from goblet cells (Lake, Bloch, Neutra 

and Walker, 1979; Lake, Bloch, Sinclair and Walker, 1980; 

Weir, 1974). It is possible that the environmental 

changes induced as a result of a primary infection and 

also the continued influence of mast cells and mediators 

on mucus production after the primary infection has been 

expelled, may have some effect on a secondary infection. 

In fact, the role of the mucus layer on the prevention 

and elimination of"a secondary infection in immune rats 

infected with T. spiralis or N. brasiliensis has been 

explored by Lee and Ogilvie (1981) and Miller, Huntley 

and Wallace (1981) respectively. The factors associated 

with mucus which result in the prevention of parasite 

establishment, are not fully understood and should be 

considered for further investigation. 
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C. Polymorphonuclear cells 

Many other cellular components are associated 

with the inflammatory response (plasma cells, lympho- 

cytes, introepithelial lymphocytes and basophils), 

however, polymorphonuclear cells (neutrophils, 

eosinophils) are particularly important. Much 

attention has been focussed on the role and function of 

these cells, especially eosinophils. However, there is 
" 

much conflicting evidence on the role played by these 

cells and the timing of their infiltration. For example, 

Castro, Olson and Baker (1967) reported a marked 

infiltration of eosinophils and plasma cells in the 

intestinal mucosa of guinea pigs, infected with 

T. spiralis, prior to expulsion. However, the number 

of both of these cell types decreased during expulsion, 

with the number of plasma cells rapidly returning to 

normal levels. In contrast, in CBA mice infected with 

T. spiralis in which worm expulsion is rapid, Walls, 

Carter, Leuchars and Davies (1973) noted only a mild 

inflammatory infiltrate (consisting of eosinophils, 

lymphocytes and macrophages) in the submucosa between 

days 3 and 10 p. i. Various authors have also described 

the presence of an inflammatory infiltrate during 

helminth infections, but their work has been mainly 

"ý` restricted to a quantitative rather than qualitative 

analysis of the cellular infiltration., The in depth 

histological study by Taliaferro and Sarles in 1939 of 
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the cellular infiltrate associated with N. brasiliensis 

infection led them to suggest that the cells concerned 

with this inflammation are associated with the protective 

response during the infection. 

Increased numbers of eosinophils are found in 

the blood and other tissues during allergic reactions and 

in response to helzinth infections as well as in 

inflammatory responses. Their accumulation in the 

tissues is presumably due to a positive chemotaxis and 

it has been reported that the c'hemotactic substances 

'which are released from mast cells can attract eosinophils 

to the site of infection (Weller and Goetzl, 1979). 

An important function of eosinophils at this site may be 

to modulate inflammation. Mediators such as histaminase 

released from eosinophils, can suppress the inflammatory 

response diredtly (MacKenzie, 1980). There is more 

evidence from studies of both rats and mice which 

suggests that the eosinophil response is mediated by 

thymus dependent immune reactions (see Basten, Boyer and 

Beeson, 1970; Basten and Beeson, 1970; Walls et al., 

1973; Kay, 1977) and it is known that the inflammatory 

response can be inhibited by immune suppression. This 

concept of immune dependence has been examined in mice 

given irradiation Marsh and Race, 1975) and/or , cortisone 

--treatment (Coker, 1956) and in congenitally hypothymic 

(nude) mice(Gustowska, Ruitenberg and Elgersma, 1980). 

These authors noted that suppression of inflammatory 

t 
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reactions in the tissues also impaired eosinophil 

production. The exact mechanisms of stimulation and 

regulation of these cells and their role in the immune 

response to intestinal helminth infection, is-not fully 

understood. In vitro studies have shown that 

eosinophils can adhere to and damage larval helminths 

in cultures enriched with these cells. Attachement is 

mediated by anti-worm antibodies and/or complement (see 

' Kazura and Grove, 1978; MacKenzie, Jungery, Taylor and 

Ogilvie, 1980) and the 
. 

presence of other cell types such 

as macrophages may increase the damaging effect of 

eosinophils. Whether such mechanisms of'direct damage 

can occur in vivo is not known. However, Grove, 

Mahmoud and Warren (1977) have shown that anti- 

eosinophil serum (AES) has no effect on the course of the 

intestinal stages of a T. spiralis infection in mice. 

Butterworth (1980) suggested that local IgE-mediated 

reactions at the site of the tissue stages of helminths 

may lead to a local accumulation of eosinophils and other 

components of the immune response and that the eosinophils 

may then contribute directly to the destruction of the 

invading parasites as well as eventually switching off 

the reaction (by the release of mediators). 

In addition to polymorphonuclear cells, it has 

r been reported that in T. spiralis infected mice the 

number of pyron nophilic cells in the small 'intestine 

increases significantly by day 10 post infection 
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(Ruitenberg, Leenstra and Elgersma, 1977). The 

dramatic increase in lymphocyte-'. localization in 

response to parasite infection, will be discussed in 

chapter 5. 

2. Mediators 

A variety of mediators and substances are 

released from the cells involved in the inflammatory 

response and these mediators play a major role in 

induction of inflammatory changes. It is difficult to- 

relate particular changes to individual factors, because 

these components may work in combination with each other 

to induce the environmental changes in the intestine. 

In this section some of the factors which seem to be 

important in the complex mechanisms of the inflammatory 

response are considered briefly. 

The mediators released from mast cells which 

may have a role in the generation of the inflammatory 

reaction, and may also directly or indirectly, effect the 

parasite, are primarily the vasoactive amines (i. e. 

histamine and 5HT). It has been shown that these vaso- 

active amines are released from rat mast cells in response 

to helminth infection. For example, in rats infected 

_.,, __with 
N. brasiliensis the level of histamine and 5HT in 

the small intestine increases over the period of worm 

expulsion (Wells, 1962; Keller, 1971; Befus, Johnston 

and Bienenstock, 1979b). Some of the above authors have 
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suggested that mast cell hyperplasia and the resulting 

elevation of amine levels in the gut have some major 

role in immunologically mediated worm expulsion. 

Wakelin (1978a)concluded that there are three possible 

mechanisms by which these mediators could influence 

helminth infection, a) biogenic amines could affect the 

worms directly, b) permeability changes could alter the 

environment to the'detriment of the worms and c) increased 

permeability could allow anti-worm antibodies to reach 

the worms. 

In support of the view that amines are involved 

in worm expulsion, it has been shown that amine antagonist 

drugs prevent worm expulsion in guinea pigs infected with 

Trichostrongylus colubriformis (Rothwell, Dineen and 

Love, 1971). In addition, Campbell, Hartman and Cuckler, 

1963b) noted a prolongation of infection with T. spiralis 

following the administration of anti-histamine and anti- 

5HT drugs. It must be, remembered, however, that the 

effects of anti-amine drugs are not specific, and that 

they may also affect other components involved in the 

response. 

Other factors released from inflammatory cells 

which are involved in the mediation of the inflammatory 

process include prostaglandins, slow reacting substance 

of anaphylaxis (S R S. A ) and eosinophil chemotactic 

factors (E. C. F. ) (see Askenase, 1980). There are, of 

course, other factors released which may also be involved 
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in the response, but these have-not been-as well 

documented. 

Inflammatory exudate contains a number of cell 

types capable of synthesising prostaglandins which may 

act as soluble mediators of inflammation causing a 

variety of effects (Stenson and Parker, 1980). In 

parasite infections Dineen and Kelly (1976) showed 

increased levels of prostaglandins in the intestinal 

tissue of rats during infection with N. brasiliensis, 

some workers have administered prostaglandins into the 

intestine to assess their effects on parasite infection, 

but conflicting results have been reported. For 

example, Kassai, Redl, Jecsai,. Balla and Har. angozo 

(1980) demonstrated that prostaglandins had no effect on 

the course of expulsion of N. brasiliensis from rats, 

but Dineen, Kelly, Goodrich and Smith (1974) found that 

administration of prostaglandins initiated an early 

expulsion of the parasite. Rothwell, Love and Goodrich 

(1977) however, have reported that prostaglandins do not 

- 
play a major role in immune expulsion of T. colubriformis 

from guinea pigs and it would appear that if prostaglan- 

dins have any effect, it is dependent on the experimental 

conditions and the administered dose. Dutoit, Tronchin, 

Vernes and Biguet (1979) have, for example, demonstrated 

that the administration of high doses of prostaglandins, 

but not low doses amplifies the expulsive response to 

T. spiralis infection., - 
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Other components such-as phospholipase and 

peroxidase released presumably from the infiltrating 

polymorphonuclear and mononuclear cells, may also 

participate directly or indirectly in the changes which 

result in the eventual expulsion of a helminth infection. 

Larsh, Ottolenghi and Weatherly (1974) reported that 

during the immune expulsion of T. spiralis from mice, 

the level of phosphölipases increases significantly at 

the site of infection and Castro, Roy and Schanbacher 

(1975) have demonstrated that peroxidases isolated from 

the lamina propria can, in fact, kill T. spiralis in 

vitro. In T. spiralis infected rats it has been shown 

that there is a relationship between mucosal peroxidase 

activity and intestinal inflammation (Smith and Castro, 

1978). 

3: Patho-phys i. a logical changes 

A very wide variety of pathological changes are 

known to occur during infections with intestinal 

nematodes. Some of these are of particular relevance 

to the fate of the worms concerned and they result in 

profound changes of the worms environment and will be 

briefly discussed. In mice infected with T. spiralis 

there is marked villous atrophy and crypt hyperplasia. 

1 These changes commence 4 days after infection and reach 

maximum levels between days 10 to 12 post infection. 

A population of T. lymphocytes is necessary for the onset 
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of'these events (Manson-Smith, Bruce and. Parrott, 1979a)'. 

Ferguson and Jarrett (1975) described similar changes in 

the N. brasiliensis/rat model. In addition, there are 

various other changes in the intestinal environment 

(such as changes in the brush border enzyme activity 

(including maltase and disaccharidase, local acidosis, 

permeability and peristalsis) which may either be a 

direct result of the parasite presence or which may be 

A. under more complex immunological control (Castro, 1976). 

Staining properties of intestinal mast cells 

It is difficult to monitor all of the complex 

components which contribute to the intestinal changes 

seen during an infection with T. spiralis, because of the 

lack of specific staining techniques for some of the cell 

types involved and of sensitive techniques for measuring 

physico-chemical factors in the intestinal environment. 

It was considered essential to use a histological 

technique which could give satisfactory results in 

quantifying and distinguishing these cellular changes and 

it was decided that such a specific technique would be 

the staining of mast cells and goblet cells. 

The presence of mast cells in-the small 

intestine of rats has been known for a long time. 

Enerback (1966a) and Miller (1969) studied the fixation 

of mast cells in different tissues of the rat and found 
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Carnoy's solution to be a suitable fixative for mucosal 

mast cells. They found also that it is possible to 

recognize these cells by a specific staining technique 

(see general materials and methods). With this in mind, 

the methods used by the above workers for detecting 

intestinal mast cells in rats were used for these cells 

in mice and it appears that intestinal mast cells in 

mice and rats share similar staining properties. In 

rats it has been shown that the stain employed is 

specifically bound to the suphated acid mucopoly- 

saccharides at low pH (Enerback, 1966a and b; Miller, 

1969) and it is probable that the binding properties are 

similar in mice. 

\ 
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CHAPTER 3 

B. HISTOLOGICAL EXAMINATION OF 

THE CELLULAR RESPONSE IN THE 

INTESTINAL MUCOSA 
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INTRODUCTION 

The kinetics of a primary infection with 

T. spiralis in mice and rats have been discussed in 

chapter 1, but briefly, the number of worms remained 

constant until day 8 post infection with the majority of 

worms being found in the anterior half of the small 

intestine. Worm expulsion. begins after this time and 

is complete by day 12 in NIH mice and by day14 in 

Wistar rats. Rapid expulsion of a challenge infection 

is seen in both mice and rats with the response being 

longer lived in rats. 

In order to assess the relationship between 

-these events and the cellular changes in the small 

intestine, two histological parameters namely, mast cells 

and goblet cells, were considered. Although their 

involvement in expulsion is uncertain, they make a 

suitable marker for the accompanying inflammatory 

changes. 

One of the objectives of the studies in this 

chapter was to examine the cellular changes associated 

with complete infections, i. e. a) the changes in the 

levels of intestinal mast cells and goblet cells during 

__-__. _. __the primary infection and worm expulsion, b) the fate 

of the mast cells and goblet cells after worm expulsion, 

c) the relationship between the presence of mast cells 
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and goblet cells and the rapid expulsion response and 

d) a comparison between mice and rats of the persistance 

of these cellular changes. 

It has been shown that there is a minimum 

duration of infection necessary for priming for rapid 

expulsion. and also that if rapid expulsion is to be 

induced by drug abbreviated infections (each lasting 

" three days) at least two or more of these infections 

must be administered. Therefore, the second objective 

was to study this situation in more depth by examining, 

a) the relationship between the duration of infection 

and the mast cell response, b) the fate of the mast cell 

response and the relationship between the presence of 

these cells and rapid expulsion induced by repeated 

infection and c) the kinetics of the mast cell response 

after challenge infection. 
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MATERIALS AND METHODS 

The strain of mice or rats and the methods 

used for maintenance, infection, worm recovery and 

histology have been described in the general materials 

and methods. 

J 
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RESULTS 

Aý General observations 

Since infection with T. spiralis is known to 

be accompanied by gross inflammation of the intestine, 

it was decided to describe some of these changes with a 

view to relating these to the histological observations. 

Gross changes were monitored by parameters such as gut 

diameter, oedema and fluid accumulation and graded 

according to severity. In mice infected with approxi- 

mately 300 T. spiralis larvae, the degree of inflammation 

was rated as mild (+), moderate (++) or severe (+++), as 

shown in Fig. 3.1. Mild inflammation was observed on 

-days 3 and 4 especially in the anterior half of the 

small intestine which was slightly oedematous. By days 

5 and 6a moderate inflammation was observed which was 

more intense in the anterior half of the small intestine 

and the gut diameter was significantly increased in 

comparison with control mice. Severe inflammation was 

observed between days 7 and 10 and gradually spread to 

involve the entire small intestine. After this time, 

the inflammation subsided considerably to what would be 

described as a "mild" state and subsequently disappeared 

by days 12 to 14 at which time the worms had been 

expelled completely from the intestine. During the 

severe phase, the small intestine showed a drastic 

accumulation of fluid mucus. 'This fluid accumulation 
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was also observed in the caecum-and large intestine 

between days 8 and 10 p. i. when worms can be recovered 

from this part of the gut (see chapter 1). There 

appeared to be a positive correlation between the dose 

of infection and the degree of severity of the 

inflammation. The degree of inflammation also varied 

between different strains of mice. 

B. Cellular' changes in the small intestine of mice 

-When larvae of T. spiralis reach the small 

intestine, the majority of them establish in the 

anterior half and complete their development in the 

mucosa. Analysis by the use of the light microscope 

has shown that the worms embed themselves in the 

epithelium of the villi or crypts (plate 1, page 145). 

Sections of intestinal tissue taken between days 2 and 

4 showed a mild 'inflammation in which few inflammatory 

cells were observed. This reaction was more severe 

in the tissues adjacent to the worms (plate 1). ' By 

day 6 post infection, the inflammatory cellular in- 

filtrate was increased and the majority of the cells 

were polymorphonuclear (such as neutrophils and eosin- 

ophils). In some sections the cellular infiltrate 

appeared to be localized in the region of the villi or 

crypts. Since there was a large variation in the 

intensity of the cellular infiltrate amongst individuals 

in a group and even in sections from the same animal, 
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no attempt was made to monitor the number of the cells: 

involved. Between days 7 and 10 the level of cellular 

infiltration reached a maximum with a variety of 

myeloid and lymphoid cell types being observed. 

These included eosinophils, neutrophils, macrophages, 

mononuclear cells, plasma cells and lymphocytes. An 

attempt was made to stain eosinophils using Haematoxy- 

line and eosin or the Dominici method (see general 

' materials and methods). The Dominici method gave 

satisfactory results and by using this technique, 

numerous eosinophils were observed on day 6 poi. 

(plate 2 page 145). Because of the variation between 

sections and the local occurrence of the eosinophils, 

no attempt was made to count these cells. 

The gross inflammatory changes observed during 

worm expulsion were associated not only with cellular 

infiltration, but also with changes in the intestinal 

structure (plate 3 page 146) such as a decrease in the 

height of villi (villous atrophy) and an increase in 

the length of the crypts (crypt hyperplasia). This 

alteration in villous and crypt structure was 

accompanied by the development of oedema'in the lamina 

propria. A general thickening and cellular infiltra- 

tion of the submucosa was also observed at this time. 

i Kinetics of the mast cell response in mice 

The number and distribution of mast cells in 
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four segments of the small intestine of control and 

infected (300 larvae) mice were examined. Three control 

and three infected mice were killed at various times 

throughout the infection. To simplify representation of 

the data obtained, the distribution and variation in 

mean number of cells counted in each group of mice, is 

shown in thetext (mean+S. D. of 20 villus-crypt units). 

The pattern of the mast cell response over the duration 

' of infection, using mean values only, is shown in Fig. 3.1. 

Mast cells in control (uninfected mice) 

Only a few mast cells were present in the 

intestinal mucosa of the control mice (61+10) and these 

cells contained few granules in the cytoplasm. The 

distribution of the cells was similar in all four segments 

of the intestine and in all cases, the cells were 

localized at the bases of the crypts (plate 3 page 146), 

although variations in cell numbers were observed between 

individual villus-crypt units. 

Mast cells in infected mice 

. 
After infection with T. spiralis the number of 

mast cells was similar to that of the controls until day 

2 post infection (62+12). By day 4 of infection there 

was nearly a twofold increase in the numbers of mast cells 

(115 +18). At this time, the cells were still localized 

in the crypt region, but they contained more Alcian blue 

staining cytoplasmic granules. Some pale blue staining 

`ý 
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mast cells were observed'in the'tissue adjacent-toýthe 

worms. At this time there was mild inflammation in the 

anterior half of the small intestine. The number of-', 

mast cells in the intestinal mucosa increased considerably 

by day 6 p. i. (387+47) at which time the cells were 

localized not only in the crypt region, but also within 

the villi. Most of the cells were located in the 

intraepithelial position and stained dark blue indicating 

A an increased granulation. Some areas of the mucosa had 

considerably more cells than others. The anterior half 

of the small intestine showed a moderate amount of 

inflammation and a greater number of mast cells than the 

posterior half. 

Between days 6 and 8 the number of mast cells- 

increased sharply. On day 8 the mean number of mast 

cells was 1010+77 and the intestinal mucosa of all the 

gut segments was packed with mast cells, with the majority, 

of the cells (90%) located in the intraepithelial position. 

The cells were packed with large granules, although some 

vacuolated mast cells were also observed at this time. 

Severe inflammation was present along the entire length 

of the small intestine with extensive oedema of the 

lamina propria. The numbers of mast cells reached 

maximum levels by day 10 (1142+81). Cells were observed 

---at the tip of the villi both in the lamina propria and in 

the epithelium (see'plate 4, page 146). There were a few 

pale blue staining cells in the epithelium of the villi. 

-In some areas the mast cells appeared fragmented with their 
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granules scattered locally. The number of mast cells 

observed declined slightly by day 12 (1092+98), but was 

still considerably higher than control levels even by day 

14 p. i. (987+104). The distribution of the cells at 

this time was similar to that seen on day 10 with the 

intestinal mucosa packed with mast cells. By day 21 the 

number of mast cells had declined considerably, nearly 

reaching the level seen on day 6 p. i. (578+63). The 

majority of cells seen at this time were located in the 

crypt region. After day 21 the numbers of mast cells 

continued to decline reaching control levels by day 35 

(the mean numbers of cells on days 28 and 35 were 204+75 

and 70+24 respectively). 

During the period of increased mastocytosis the 

shapes of the cells were irregular and the nuclei stained 

pink with safranin. Mitotic figures and morphological 

changes such as increased granulation, cell size and 

cytoplasmic vacuolation, were observed at this time. 

A repeat of this experiment, using two mice per 

- group, yielded results similar to the above. 

In the control mice and some of the infected 

mice (those killed on days 2 and 4 p. i. ) there were some 

cells located in the epithelium or subepithelial position 

which contained only a few pale staining granules. These 

cells were not counted as mast cells (according to Miller 

(personal communication), these cells presumably are gran- 

ulated lymphocytes) and only the cells with strong positive 

Alcian blue staining granules were recorded. 
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ii Goblet cell response in mice 

The number and distribution of goblet cells 

in a segment from the middle of the small intestine were 

examined in control and infected (300 larvae) mice. 

Three controls and three infected mice were killed at 

various times post infection. Mean numbers (+S. D. ) 

of goblet cells in 20 V. C. U. for each of the days of 

examination are given in the text. The patterns of 

the goblet cell response over the period of infection 

is shown in Fig. 3.2.. 

By incubating the remaining portions of the 

intestine (i. e. those not used for histological 

analysis), it was ascertained that the response to the 

primary infection in terms of worm expulsion, was similar 

to that described in chapter 1, with worm loss being 

complete by days 12-14. 

Goblet cells in control (uninfected) mice 

In control mice a substantial number of goblet 

cells were present in the epithelium of the villi and 

crypts. The majority of the cells, however, were 

located in the epithelium of the villi (see plate 5, 

page 147). The mean number of goblet cells per 20 V. C. U. 

was (182+43). 
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Fig. 3.1 

Mean numbers of mucosal mast cells per 

20 V. C. U. in NIH mice infected with 

T. spiralis (ý--®) and in control uninfected 

(----) mice. 

The degree of inflammation is indicated as: 

+= mild inflammation 

++ = moderate inflammation 

+++ = severe inflammation 
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Goblet cells in infected mice 

After infection with T. spiralis the number 

of goblet cells remained similar to the controls until 

day 4 p. i. (202+39). By day 6 the number of goblet 

cells was slightly greater than in control mice 

(249+22). At this time however, the size of the cells 

was increased and the mucus contained with the cells 

-stained more strongly, indicating an increase in mucus 

production. The number of goblet cells increased 

considerably by day 8 (402+57) and remained nearly at 

this level until day 10 p. i. (see plate 6, page 147). 

During this time the mucus content in the goblet cells 

was strongly stained and a layer of mucus was observed 

--above the mucosa. This suggests that mucus production 

remains high from day 6 until at least day'10. Gross 

inflammation was observed in the gut with the accumula- 

tion of a fluid mucus. The numbers of goblet cells 

decreased slightly by day 12 (353+26) and by day 14 the 

mean number had declined to (262+23). Mucus production, 

- however, remained high over this period. By day 21 

both the goblet cell numbers and their apparent mucus 

production had nearly returned to control levels 

(234+37) with complete recovery being observed on days 

28 and 35 p. i. (212+44). 

No attempt was made to differentiate between 

goblet cells located in the epithelial lining of the 
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lumen and the cuboidal cells forming the acini of 

Brunner's glands (Wells, 1963). In these experiments 

all mucus-producing cells were counted as goblet cells. 

Cells were counted per 20 villus crypt units since the 

counting and expression of cells per number of epithelial 

c ells was considered too arbitrary due to the fact that, 

at the light microscope level, it is difficult to 

distinguish and accurately count individual epithelial 

cells. The data obtained from counting per villus 

crypt unit is less arbitrary and is reproducible. 

C. Kinetics of the mast cell response in rats 

The numbers and distribution of mast cells in 

a segment from the middle of the small intestine were 

examined in control and in infected (2000 T. spiralis 

larvae) rats. Three controls and three infected rats 

were killed at various times p. i. Mean numbers (+ S. D. ) 

of mast cells in 20 V. C. U. for each of the days of 

examination are given in the text. The pattern of the 

mast cell response over the period of infection is shown 

in Fig. 3.3. By incubating the remaining portions of 

the intestine (i. e. those not used for histological 

analysis), it was ascertained that the response to the 

primary infection, in terms of worm expulsion, was 

similar to that described in chapter 1, with worm loss 

being complete by day 14. 

ýý 
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Fig. 3.2 

Mean numbers of goblet cells per 20 Y. C. U. 

in NIH mice infected with T. spiralis 

(ý---e) and in control uninfected (____) 

mice. 
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Mast cells in control rats 

In the control rats more mast cells were 

seen than in control mice (162+39) and they were 

located not only at the bases of the crypts, but also 

in the lamina propria of the villi (see plate 7, page 148). 

In addition, the mast cells in rats appeared larger and 

contained larger and more numerous cytoplasmic granules. 

Mast cells in infected rats 

Two days. after infection with T. spiralis 

the number of mast cells did not differ from that of 

control rats (168+44). The number of mast cells 

increased slightly by day 4 p. i. (212+41). The 

distribution of the cells in each villus crypt unit at 

this time, was similar to that of control rats. Mild 

inflammation was observed in the intestinal mucosa with 

a few inflammatory cells being present in the tissues 

adjacent to the worms. 

The number of mast cells increased nearly 

twofold by day 6 p. i. (325+93) and for the first time, 

cells were seen in the intraepithelial position as well 

. as in the lamina propria. By this time the intestinal 

mucosa was moderately inflamed with an increase in 

------inflammatory cells. 

The number of mast cells increased considerably 

I. 
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by day 8 (602+106) and had reached a level 5 times 

that of the controls by day 10 p. i. (1006+110). At 

this time, the majority of worms had been expelled and 

the small intestine was grossly inflamed. There was 

no significant increase in mast cells numbers over day 

10, by day 12 (1050+56). Peak levels of mast cells 

were observed by day 14 (1295+126), (see plate 8, page 148). 

The number of mast cells decreased slightly by day 21 

(1010+98), but was still above the control level by day 

28 (705+53) and remained at approximately this level 

until the end of the experiment (day 49 - 615+60). 

In contrast with mice, in rats the majority of 

cells were located in the lamina propria, although some 

--, pale blue staining cells were observed in the intra- 

epithelial position. 

There was little variation between villus crypt 

units in terms of mast cell numbers and distribution. 

The cells were irregular in size and contained visible 

pink staining nuclei. They were packed with blue 

staining granules with those in the infected rats being 

larger than in the control animals and in some areas, the 

. 
cells appeared fragmented and their granules scattered 

locally. It was also notable that large numbers of 

mast cells were found in the submucosa at the time of 

the peak response (see plate 10, page148 ). 

I. 
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Fig. 3.3 

Mean numbers of mucosal mast cells per 

20 V. C. U. in Wistar rats infected with 

T. spiralis (ý-0) and in control 

uninfected (----) rats. 
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D. The kinetics of the goblet cell response in rats 

The number and distribution of goblet cells 

in a segment from the middle of the small intestine, 

were examined in control and infected (2000 T. spiralis) 

rats. 

The rats used in this experiment were the same 

as those used in the previous experiment and the sections 

were taken from the same piece of intestine as that which 

had been fixed for mast cell examination. Mean numbers 

(+S. D. of goblet cells in 20 V. C. U. for each of the days 

of examination, are given in the text. The pattern of 

the goblet cell response over the period of infection, 

is shown in Fig. 3.4. 

Goblet cells in control rats 

There were, obviously many more goblet cells 

in the control rats than in control mice (1050+81). 

The majority of the cells. were located in the epithelium 

of the villi, although some cells were seen in the crypt 

region (see plate 9, page 149). 

"Goblet cells in infected rats 

Two days after infection with T. spiralis the 

number and distribution of goblet cells were similar to 

that of control rats (996+106). The number of goblet 

cells remained at approximately this level until day 4 pä. 
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(1078+125), after which time there was a slight increase 

in number with the levels at day 6 (1248+98) and day 8 

(1218+64) being only slightly higher than at day 4. 

By this time however, there was a noticeable increase in 

both the size and the mucus content of the goblet cells. 

The number of goblet cells increased consider- 

ably by day 10 (1406+103) and reached a peak by day 12 

(1492+57), remaining at this level until day 14 p. i. 

(see plate 10, page 149). After this time there was a 

slight decrease in cell numbers, but the level remained. 

with the mean number at day 21 being 1282+49. The 

number of goblet cells returned to control levels by 

day 28 and remained at this level until the end of the 

. experiment (i. e. day 49 - 1103+85). 

During the time of increase in the number of 

goblet cells and for several days after, mucus production, 

as judged by the size and staining characteristics of the 

cells, was high. Even when the number of goblet cells 

had returned to control. levels, their mucus content was 

greater than seen in control rats and remained so until 

day 49. A thick layer of mucus was evident between 

adjacent villi from day 12 onwards (see plate 10, page 

149), and in some areas the mucus appeared to have been 

-_discharged 
from the cells. Since these sections of the 

small intestine were fixed in Carnoy's fixative, both 

mast cells and goblet cells stained clearly in control 

and infected rats as can be seen in plates 9 and 10, 

page 149 . 
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Fig . 3.4 

Mean numbers of goblet cells per 20 V. C. U. 

in Wistar rats infected with T. spiralis 

(m--4) and in control uninfected (==_j 

rats. 
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E.. Effect of duration of infection and single or 

multiple drug abbreviated infections upon the 

mast cell response in mice 

It has been shown in chapter 2 that a single 

infection with a duration of 3 or 7 days did not induce 

rapid expulsion of a challenge infection given on day 

14 after the primary infection. However, stimulation 

with a complete infection, or with two or more drug- 

abbreviated infections (i. e. 3 days duration) did 

induce rapid expulsion in mice. Further studies were 

then carried out to examine: 

1. The relationship between the duration of 

infection and the mast cell response. 

2. The fate of the mast cell response and the 

relationship between the presence of these 

cells and rapid expulsion induced by 

repeated infections. 

3. The kinetics of the mast cell response 

after a challenge infection. 

1. The effect of the duration of infection on the 

" mast cell response 

Twelve 7-week-old male NIH mice were given 

primary infections of 300 T. spiralis larvae. Six of 

these mice received the anthelmintic Mint is (see general 

materials and methods) on day 7 post infection, the 

t 
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remaining six mice were untreated. Three mice from 

each group were killed on days 8 and 14. A segment 

(5 cm) from the middle of the small intestine was 

removed and examined for mast cell numbers. The rest 

of the gut was incubated for worm recoveries by the 

Baermann technique (see general materials and methods). 

The mean numbers of worms recovered from mice 

given Mintic and from the untreated group on day 8 were 

0 and 126.0 respectively. This indicates that the 

anthelmintic was 100% effective. No worms were 

recovered on day 14 from either group. 

The mean number (+S. D. ) of mast cells in 20 

villus crypt units is shown in Fig. 3.5. 

In mice given Mintic on day 7 and killed on 

day 8, the number of mast cells was similar to the 

group of mice which. did not receive anthelmintic treat- 

ment (1052+104 and 1098+78 respectively). The number 

of mast cells was considerably lower in the group of 

mice given mintic on day 7 and killed on day 14 

(312+70) when compared with the untreated group (854+89), 

indicating a rapid decline in mast cell numbers. 

2. The effect of single or repeated infections 

~ýý on the mast cell response 

For these experiments, mice were exposed to 

single or repeated infections (with 300 normal 
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Fit' 3.5 

Mean numbers of rnast cells per 

20 V. C. U. in NIF1 mice infected "j,, ith 

T, s Lira] is on clay 0 and given Mint is on 

day 7E. -" or untreated mice 

Killed on clay 8 or 14 post infection, 
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T. spiralis larvae) which were limited to 3 days 

duration. 

Eighteen 7-week-old male NIH mice were divided 

into two groups of nine (1-2). Mice in group one were 

then divided into three groups (A, B and C) with three 

mice per group. 

. received mintic 

Mice in group B 

mintis on day 3 

Mice in group C 

received Mintic 

Mice in group A were infected on day 0, 

on day 3 and were killed on day 7. 

were infected on daysO and 7, given 

and day 10 and were killed on day 14. 

were infected on days 0,7 and 14, 

on days 3,10 and 17 and were killed on 

day 21. All the mice in group two were infected on day 

0 and three were killed on days 7,14 and 21 respectively, 

as controls for the above (groups D, E and F, Fig. 3.6). 

Segments (5 cm) from the middle of the small intestines 

were removed and fixed for examination of mast cells and 

the rest of the guts were incubated for worm recoveries 

by the Baermann technique. No worms were recovered from 

mice given flintic 3 days after infection and killed on 

days 7,14 and 21 (groups A, B and C). The mean numbers 

of worms recovered from the control infected mice were 

138.5 and 0 on day 7 (group D) and day 14 (group E), 

respectively. The control animals showed normal 

establishment and expulsion. ' The numbers of mast cells 

-------. in all groups are shown in Fig. 3.6. The number of 

mast cells remained low in mice given a 3-day infection 

and killed on day 7 (group A- 75+46). The number of 
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mast cells was considerably higher in mice given two or 

three drug abbreviated infections (groups B and C- 

454+106 and 692+92, respectively). Mast cell numbers 

in the control, normally infected mice were similar to 

those observed previously in this chapter (group D 

418+82, Group E 834+73 and group F 520+64). 

3. The kinetics of the mast cell response after 

a challenge infection 

.. 
It has been shown that the number of mast cells 

remains above control levels for several days after a 

primary infection has been expelled. To examine the 

effect of a challenge infection upon the mast cell 

-response, 
the challenge infection should be given either 

after day 35 (i. e. when the number of mast cells has 

returned to control levels), or after the termination of 

the infection on day 7, as it has been shown that the 

number of. mast cells declines sharply a few days after 

drug treatment. With these methods of immunization, it 

is possible to study the effect of a challenge infection 

on the mast cell response. 

Twelve 7-week-old male NIH mice were infected 

with 300 T. spiralis larvae and were divided into two 

groups of six mice (groups 1 and 2). Mice in group 1' 

received ijintic on day 7 post infection and mice in group 

2 were untreated (complete infection). Both groups, 

together with uninfected control age-matched mice (group 
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3), were then challenged on day 14 and were killed 1 or 

4 days after challenge. Segments (5 cm) from the 

middle of the small intestines were removed for 

histology and the rest-of the guts were incubated for 

worm recoveries by the Baermann technique. The mean 

number of worms recovered one day after challenge 

infection from mice in group 1 (given Mintic on day 7 

p. i. ), group 2 (untreated) and also the control 

challenge group (group 3), were 134,2.8 and 166 

respectively. This indicates that mice in group 1 

did not show rapid expulsion of the challenge infection 

given on day 14 after the primary infection. The mean 

numbers of worms recovered 4 days after challenge 

infection from group 1 (treated), group 2 (untreated) 

and also the control challenge group (group 3) were 

70,0 and 153, indicating that there was a substantial 

worm reduction 4 days after challenge in the group of 

mice infected for 7 days (group 1). Complete expulsion 

had occurred in the mice given the untreated infection 

(group 2). 

The pattern of the mast cell response is shown 

in Fig. 3.7. The mean numbers of mast cells in-20 

Y. C. U. in mice from group 1 (treated) killed 1 or 4 days 

after challenge were 252+83 and 736+92 respectively. 

In mice from group 2 (untreated group) killed 1 or 4 days 

after challenge, -the numbers were882+76 and 926+69 

respectively and in control challenge (group 3) killed 
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1 or 4 days after challenge, were 48+16 and 82+21, 

respectively. Thus 1 day after challenge the number 

of mast cells in the mice given the drug limited 

infection (group 1) was lower than those of mice given 

the complete infection, but by day 4 post challenge, 

the mast cell numbers were similar in both groups. 
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Photomicrographs of Dominici stained section of mouse 

small intestine. 

Plate 1 

Section from mice infected with T. spiralis 

and examined on day 4 post infection. Note 

.. 
the section of an adult worm which has been 

indicated with an arrow (X350). 

Plate 2 

Section from mice infected with T. spiralis 

and examined on day 6 post infection. Note 

the inflammatory cell infiltrate especially 

" the eosinophils (stained red) one of which 

has been indicated with an arrow (X900). 
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Photomicrographs of Alcian blue/Safranin stained 

section of mouse small intestine. 

Plate 3 

Section from control uninfected mice. Note 

the mast cells (stained blue) one of which 

has been indicated with an arrow (X350). 
x 

Plate 4 

Section from mice infected with T. spiralis 

and examined on day 10 post infection. Note 

the mast cells (stained blue) one of which 

has been indicated with an arrow (X350). 
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Photomicrographs of Alcian blue. /PAS stained section of 

mouse small intestine. 

Plate 5 

Section f. rom control uninfected mice. Note 

the goblet cells stained purple, one of 

which has been indicated with an arrow (X350). 

Plate 6 

Section from mice infected with T. spiralis 

and examined on day 10 post infection. Note 

the goblet cells stained purple, one of which 

has been indicated with an arrow (X650). 
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Photomicrographs of Alcian blue/Safranin stained 

section of rat small intestine. 

Plate 7 

Section from control uninfected rats. 

Note the mast cells stained blue, one of 

which has been indicated with an arrow (X350). 

Plate 8' 

Section from rats infected with T. spiralis 

and examined on day 14 post infection. Note 

. the mast cells stained blue, one of which has 

' been indicated with an arrow (X150). 
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Photomicrographs of Alcian blue/PAS stained section of 

rat small intestine. 

Plate 9 

Section from control uninfected rats. Note 

the goblet cells stained pink (large arrow) 

and the mast cells stained blue (small arrow) 

(X350). 

Plate 10 

Section from rats infected with T. spiralis 

and examined on day 14 post infection. Note 

the goblet cells stained purple (large arrow) 

and the mast cells stained blue (small arrow) 

and the numerous mast cells present in the 

submucosa (X150). 
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DISCUSSION 

The loss of T. spiralis during primary 

infections in both mice and rats is associated with 

gross inflammatory changes in the intestine. These 

changes occur initially in the anterior half of the 

small intestine, where the worms are located, but then 

spread to involve the whole gut. It is well establish- 

ed that the inflammation is mediated by thymus dependent 

immune responses (Wakelin, 1978a)and is characterised by 

marked cellular infiltration of the mucosa (Marsh and 

Race, 1975). In addition, there are profound physico- 

chemical changes in the intestinal environment (Castro, 

1976). 

In this study, observations were made to 

characterise the degree of inflam. mat ion present in the 

small intestine during the period of infection. The 

response was evident in three stages. A mild or early 

reaction was observed by day 4 post infection and the 

intensity of the response increased by day 6 when 

moderate inflammation was observed. Between days 8 and 

10, severe inflammation was manifest with an accumulation 

of fluid-mucus in the gut. The inflammation subsided 

very quickly and disappeared between days 12 and 14, at 

which time the worms had been completely expelled from 

the intestine. Therefore, there is a direct association 

of inflammation and subsequent worm rejection. 
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Inflammatory changes were also apparent when the gut 

was studied histologically and during the severe inflamma- 

tion, the mucosa and lamina propria contained a variety of 

inflammatory cells. These observations confirm those 

obtained by Larsh and Race (1975) who also studied the 

response of mice to T. spiralis by histological examina- 

tion. Other workers have measured the degree of 

inflammation by a combination of histology and measurement 

of the changes in physiological factors, finding a 

correlation between worm expulsion and the presence of 

these factors. For example, Smith and Castro (1978), 

who measured the level of peroxidase activity (presumably 

contained in polymorphonuclear and mononuclear cells 

other than lymphocytes), in the intestinal mucosa of rats 

during T. spiralis infection, noted there was a relation- 

ship between increased levels of peroxidase activity and 

inflammation. Stewart has noted (personal communication) 

increased levels of peroxidase activity in the intestinal 

mucosa of mice infected with T. spiralis between days 6 

and 7 post infection and Larsh bt al. (1974) demonstrated 

that the phospholipase level in the intestinal tissues 

corresponded strikingly with the degree of inflammation. 

Several attempts have been made to measure the peroxidase 

activity in the intestinal tissues of NIH mice during 

T. spiralis infection, but the results were unsatisfactory 

because of wide variation. The reasons for this varia- 

tion are not known, but may possibly be due to the lower 

degree of sensitivity of the test in mice. 
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In order to monitor the inflammatory changes 

generated during infection as well as their persistence 

and possible involvement in rapid expulsion (see chapters 

1 and 2) in mice and rats, two histological parameters, 

namely the number of mast cells and goblet cells in the 

intestinal mucosa were examined. In mice the numbers 

of both cell types increased sharply before worm 

expulsion and maximum numbers were observed on day 10 

post infection, whereas in-rats, the rise in numbers of 

both cells occurred as expulsion took place and reached 

maximum levels on day 14 post infection. A similar 

increase in the number of mast cells has been described 

by Ruitenberg and Elgersma (1976) in B1OLP mice and by 

Tronchin et al. (1979) in CBA mice, though the rise in 

the latter was post expulsion. 

Levels of both cells fell quickly after worm 

expulsion. In mice goblet cells reached control levels 

by day 14 and mast cells between days 28 and 35. In 

contrast, in rats, goblet cell numbers did not reach 

control levels until day 28 and mast cell numbers were 

still raised at day 49. Prolongation of the intestinal 

mastocytosis induced by nematode infections, has also 

been described by Miller (1969), Mayrhofer (1979a) and 

Macdonald et al. (1980) after primary infection with 

N. brasiliensis in rats. 

The increase in mast cell numbers described here 
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was in both intraepithelial and-lamina propria cells, 

but most of the cells observed at the time of the peak 

response in mice were intraepithelial in position, 

whereas in rats, the majority of the cells were located 

in the lamina propria.. As many more goblet cells were 

present in control rats than in control mice, the maximum 

number reached during primary infection differed very 

considerably between the two species. It was striking 

" in both species that the actual size of goblet cells 

increased during the infection and that this increase 

persisted longer in rats, even when cell numbers had re- 

turned to control levels. Initial experiments (chapter 

1) showed that challenge infections given shortly after 

the expulsion of the primary infection, when the gross 

inflammatory changes have disappeared, were expelled 

rapidly (within 24 hours). In mice this response to 

challenge was short lived, i. e. challenge infections 

given more than 16 days after the primary infection 

were not subjected to rapid expulsion. In rats, how- 

ever, the rapid expulsion response was more long-lasting 

and was shown to operate against challenges given up to 

49 days after the primary infection. The rapidity with 

which challenge infections are expelled, suggests that 

either the intestinal environment is so'altered by the 

primary infection that conditions are unsuitable for 

subsequent parasite establishment, or, that the intestine 

is primed in such a way that the stimulus provided by 

the challenge evokes an almost instantaneous response. 
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It is tempting to relate the ephemeral rapid 

expulsion response in mice to the shorter duration of 

cellular changes associated with intestinal inflammation. 

In these terms, rapid expulsion would be the direct 

result of the environmental changes arising during the 

primary infection. The persistence of the response in 

rats may be due to persistence of cellular changes, the 

most marked of which being the increased number of mast 

cells. It is possible that these cells may exert a 

continuing influence on the goblet cell population. It 

is known that mediators released from mast cells can 

increase the production and release of mucus from goblet 

cells. Such mediators can be elicited by the act-ion. of 

anaphylatoxin (Weir, 1974) or by IgE mediated anaphylaxis 

following the introduction of antigen into the immune 

intestine (Lake et al., 1979 and 1980). If it can be 

assumed that the challenge larvae do provoke a reaction 

on entry into the intestine and there is physiological 

data to support this (Castro, Hessel and 'Whalen, 1979), 

then the effects of mucus may be not only to act as a 

mechanical barrier to penetration, but also to influence 

gut mobility, thus facilitating expulsion of the parasite. 

Lee and Ogilvie (1981) have presented evidence to show 

that the failure of challenge larvae to become establish- 

__ed, 
is due to their being trapped in the intestinal 

mucus layer of immune rats (possibly by antibody) and 

then being expelled by peristalsis. More recently 

l 
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Miller et al. (1981) reported a 
_similar 

result in rats 

infected with N. brasiliensis. 

The data presented here show that there are 

clear species differences inthe induction and persistence 

of the mast-cell and goblet cell responsesand also that 

these differences appear in the ability to respond 

rapidly to challenge infection. However, it must be 

emphasised that in mice, at least, there is evidence 

that rapid expulsion is genetically determined (Bell and 

McGregor, 1980c) and therefore, the species difference 

may not be so great when other strains are used. In 

addition, it is known that mice vary in their ability 

to mount a mast cell response to infection with 

T. spiralis (Alizadeh and Wakelin, 1981b). Although the 

mast cell response has been examined in a small number 

of strains of rats infected with N. brasiliensis 

(Nawa and Miller, 1979), there is at present, little 

evidence on the ability of different strains of rats to 

mount a mast cell response and also to express rapid 

expulsion. Therefore, it would be useful to examine 

these responses in different strains of rats. 

The experiments dealing with the effect of the 

duration of infection on the mast cell responses have 

shown that a 7-day intestinal exposure to T. spiralis 

was sufficient to induce a mast cell response, but that 

the levels of these cells declined sharply within a few 
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days of anthelmintic treatment. '. This indicates that 

continuing antigenic stimulation is necessary for the 

proliferation and maintenance of the-mast cell response. 

When the period of infection was increased (i. e. .. 

complete infection), stimulation continued and the mast 

cell response persisted for a longer period, of time. 

These results confirmed those obtained by Mayrhofer 

(1979a) with rats infected with N. brasiliensis, who 

noted that after, drug treatment, mast cell numbers 

decreased very quickly. It is not known why, after 

parasite expulsion, the levels of mast cells remained 

high for several days, perhaps there is a threshold of 

stimulation necessary to induce the response and when 

the mast cells reach maximum levels, they persist for a 

---longer period of time. In support,. of this, when the 

infection was limited to 3 days, the numbers of mast. 

cells did not exceed control levels when examined 4 days 

after drug treatment. Thus the persistence of infec- 

tion is accompanied by a proliferation of the mast cell 

response and it is possible that, directly or. indirectly, 

the mast cells are involved in the environmental changes 

which accompany infection and the persistence of these 

cellular changes may have some influence on a subsequent 

challenge infection. Indeed, when the-primary infection 

was limited to 7-day duration, the challenge infection 

was not subjected to rapid expulsion (given on day 14) 

and at this time, it is clear that the levels of mast 
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cells are lower than those observed with a complete 

infection. Interestingly, two or three drug- 

abbreviated infections each lasting 3 days, were 

sufficient stimulation to induce a mast cell response 

which resembled that of a complete infection. It is 

unlikely that the effectiveness of this method of 

immunization was related to the total duration of 

infection (6 or 9 days) and it-is possible-that the 

effect was due. to the fact that the second infection 

given on day 7 caused an accelerated mast cell response. 

More interestingly, infections given on day 14 after 

two drug-abbreviated infections were subjected to a 

rapid expulsion response (as shown in chapter 2), and it 

seems that this infection has some influence on the mast 

y cell response, with the levels of mast cells quickly 

rising to a higher level than seen after the two drug- 

abbreviated infections. These findings may explain 

the mechanisms of rapid expulsion which have been 

observed in this study and also in chapter 2. They 

also indicate that the mast cell response to secondary 

infection is clearly accelerated both in onset and in 

magnitude. 

These results have been confirmed by the use of 

an anthelmintic to limit infection to 7 days with 

---challenge infection given on day 14 post infection. 

The results show that one day after challenge, the number 

of mast cells present in the intestinal mucosa was very 
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low (due to the early termination of the infection), 

but 4 days after challenge infection, the number of 

mast cells increased considerably in`comparison with 

the control group given only the challenge infection. 

This acceleration in the onset of the mast cell 

increase inasecondary infection could be due to a" 

"memory" response as has been suggested by Mayrhofer 

(1979a) for the comparable response in rats infected 

with N. brasiliensis. 

ý, 
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CHAPTER 4 

SPECIFICITY OF THE INDUCTION AND 

EXPRESSION OF RAPID EXPULSION IN MICE 

f 
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INTRODUCTION 

It has been shown that inflammatory changes in 

the gut induced by one species of parasite can effect the 

expulsion, or growth of another species. Laboratory 

models which have been examined include concurrent 

infection with Trichinella sp'iralis and Nippostrongylus 

brasiliensis (Kennedy, 1979) and T. spiralis and 

Hymenolepis diminuta (Christie, Wakelin and Wilson, 1979; 

Behnke, Bland and Wakelin, 1977). 

The restriction of rapid expulsion in mice to 

the short period of time following expulsion of a primary 

infection might imply that larvae were failing to establish 

_because 
of residual non-specific inflammatory changes in 

the intestine. To test this, experiments were carried out 

to discover whether T. spiralis could establish in mice 

previously exposed to infection with N. brasiliensis 

and Nematospiroides dubius, and also to see whether these 

latter parasites and Trichuris muris could establish in 

mice previously exposed to T. spiralis. Both N. dubius 

and N. brasiliensis generate. inflammatory changes in the 

intestine (Liu, 1965; Ogilvie and Jones, 1971). Since 

the time course of infection with the latter species 

(N. brasiliensis) in NIH mice is very similar to that of 

--`--T. spiralis (personal observations), it may therefore act 

as a comparison for*the residual effects of intestinal 

inflammation. N. dubius on the other hand, is long lived 

and produces chronic inflammatory changes. 
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MATERIALS AND METHODS 

The strain of mice and the methods used for the 

maintenance of T. spiralis, method of infection, and worm 

recovery have been described in the general materials and 

methods. Extracts of T. spiralis (larval antigen) were 

kindly prepared by R. K. Grencis. 

Nematospiroides dubius 

_This 
parasite was maintained as a stock 

infection in outbred CFLP male mice at the Wellcome 

Laboratories (Glasgow). Third stage infective larvae of 

N. dubius were obtained from faecal cultures according to 

Jenkins and Behnke (1977). Mice were orally infected 

with the required number of third stage larvae in 0.2 ml 

of distilled water. For irradiation of larvae the 

required number of larvae were irradiated at 25 Krad as 

described in the general materials and methods. 

Worms were recovered by the Baermann technique 

(see the general materials and methods) but the 

incubation was increased to 4-6 hours and the temperature 

was raised to 45-500C for 30 minutes after the removal of 

the intestine from the beaker to prevent' the worms from 

becoming` entangled with one another. X, 

Nippostrongylus brasiliensis 

The parasite was maintaned as a stock infection 
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in Wistar rats at the Wellcome Laboratories (Glasgow). 

Third stage infective larvae were obtained from faecal 

cultures according to Jennings, Mulligan and Urquhart 

(1963). Mice were infected by subcutaneous injection 

of a suspension of larvae in 0.1 ml of balanced salt 

solution; worms were recovered by the Baermann technique. 

Trichuris muris 

The parasite was maintained as a stock infection 
x 

in mice at the Wellcome Laboratories (Glasgow), The 

methods used for maintenance and infection of T. muris 

were based on the technique. of Wakelin (1967) and the 

eggs were kindly prepared by T. D. G. Lee. 

For worm recoveries experimental mice were 

killed and the caecum and colon removed and frozen at 

-20°C for at least 12 hours. For examination the organs 

were allowed to thaw to room temperature, placed in a 

petri dish of water, slit open, agitated to remove lumen. 

contents, then transferred to, another dish and scraped 

with curved forceps to disrupt the mucosa and allow the 

worms to be seen. The dishes were allowed to settle and 

examined under an X12 magnification dissecting microscope. 

Worms were removed using a Pasteur pipette. 

Anthelmintics 

Methyridine was used to remove T. spiralis as 
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described in the general materials and methods. 

Pyrantel/embonate (strongid-p-paste, Pfizer) at a dose of 

100 mg/kg body weight was used to remove adult N. dubius 

from infected mice. 

ý- 

I 
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RESULTS. 

a. Effect of primary infections of N. dubius, 

N. brasiliensis or T. spiralis on the rapid 

expulsion of challenge infections of 

T. spiralis in NIH mice 

Four groups of 10 NIH mice were used. Group 

1 was given a primary infection of T. spiralis larvae, 

group 2 was infected subcutaneously with 600 

N. brasiliensis larvae, group 3'was given two 

infections of N. brasiliensis (one infection with 600 

larvae on day 0 and a second with 300 larvae on day 7) 

to ensure the presence of worms throughout the experi- 

-mental 
period, and group, 4 was infected with 300 

t 
N. dubius. Four mice from group 1 were killed on day 7 

of a primary infection to examine worm establishment, 

when the mean worm recovery was 180.0+27.0. Normal worm 

establishment of both N. brasiliensis and N. dubius 

infection was checked by killing mice on day 7 for 

N. brasiliensis and on day 14 for N. dubius, mean worm 

recoveries were 105.8+20.0 and 286.8+55.0 respectively. 

The group infected with N. dubius was treated with 

pyrantel on days 10,12 and 13 to remove adult worms. 

All the four groups, together with a control group, were 

. --'. given a challenge infection of 300 T. spiralis on day 14 

of the initial infection and were killed 24 hours later 

(Table 4.1). Only the mice given a primary infection 
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of T. spiralis (group 1) showed-rapid expulsion of the 

challenge infection. 

b. Effect of primary infections with T. spiralis 

upon the establishment and survival of 

subsequent challenges with N. dubius, 

N. brasiliensis, T. muris or T. spiralis in 

NIH mice 

In the reciprocal experiments, 48 mice were 

divided into 8 groups. Four of these were given a 

primary infection of 300 T. spiralis. On day 14, group 

la, together with a control group (lb), was challenged 

with 300 T. spiralis,, group 2a, together with a control 

group (2b), with 300 N. dubius, group 3a, together with a 

control group (3b), with 500 N. brasiliensis and group 4a, 

together with a control group (4b), with 300 T. muris. 

Group la and its control (lb) were killed 24 hours after 

challenge; groups2a and 4a and their controls (2b and 4b) 

were killed 10 days after challenge, to permit recovery of 

. adult worms, and group 3a and its control (3b) 3 days 

after challenge, to allow the entry of larval 

N. brasiliensis into the intestine (Table 4.2). 

The results showed that only T. spiralis was 

unable to establish and survive after previous infection 

with this species,. both N. dubius. and N. brasiliensis 

developed as normal primary infections, similar to the 
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3 

controls. The recovery of T. muris, however, was 

significantly reduced after previous infection, with 

T. spiralis. 

c. Effect of immunization with T. spiralis antigen 

and intestinal priming with N. dubius infection 

on subsequent challenge infection with T. spiralis 

Bell and McGregor (1980b) have reported that 

the rapid expulsion response in rats could be produced 

after immunization with larval antigen and intestinal 

priming with N. dubius. Experiments were designed to 

test this in NIH mice and the experimental design is 

shown on the next page. 

Mice were injected I. P. with 300 µg of larval 

antigen (Ag), one injection with and one without Freund's 

complete adjuvant (FCA). Five days after the last 

immunization, they were infected orally with 300 normal 

(group A) or irradiated (25 Krad) N. dubius larvae (group 

B- irradiation at this level affects the N. dubius in a 

manner which induces a strong immunity in mice). Control 

groups received either antigen alone (group C), or 

irradiated or normal N. dubius (groups D and F respectively). 

Group G was infected with 300 T. spiralis on day 0. All 

the groups were given anthelmintic (pyrantel - groups A-E; 

Mintic-groups F and G) on day 12 and challenged, together 

'. with a group of control mice (group F), with 300 

T. spiralis larvae and killed 24 hours later. 
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To test the ability of antigen to immunize 

mice, additional groups of mice were given antigen with 

FCA on day 0 and a boost of antigen alone on day 7 and 

challenged, together with controls, on day 14 with 300 

T. spiralis larvae. All these mice were killed 7 days 

after challenge (groups H and I). 

The mean worm recoveries 1 day after challenge 

were: group A- 140.0+25.0; group B- 140.8+16.4; 
Fr 

group C- 150.5+20.6; group D- 153.8+31.2; group E- 

150.6+18.5; group F- 153.8+28.0 and group G-0.6+0.5. 

The results show that rapid expulsion occurred only in 

mice given a primary infection of T. spiralis larvae 

14 days before challenge infection (group G). None of 

_the 
other groups showed rapid expulsion. 

The mean worm recoveries 7 days after challenge 

from groups H and I which were immunized with antigen 14 

days before the challenge infection, were 106.0+31.6 and 

245.7+12.0 respectively, indicating that the mice were 

substantially immune and that worm expulsion had begun 

in immunized mice. 
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DISCUSSION 

The results presented here show that priming 

provided by N. dubius or by N. brasiliensis failed to 

induce a rapid expulsion response against a challenge 

infection of T. spiralis and that the rapid expulsion of 

a T. spiralis challenge occurred only when the priming 

infection was T. spiralis. In reciprocal experiments 

it was found that a primary infection with T. spiralis 

did not induce rapid expulsion of heterologous challenge 

infections of N. dubius and N. brasiliensis, although 

worm recoveries from mice given a heterol*ogous challenge 

of T. muris were considerably lower than controls. 

It has been shown with several systems that 

inflammatory changes in the gut induced by one species, 

result in an acceleration of worm expulsion or have an 

effect on the growth and survival of other species which 

are present concurrently (see introduction of this 

chapter). - 

It should be remembered that in most of these 

studies, either-two species were present concurrently or 

challenge infections of the second species were given 

when gross inflammatory changes were present in the gut. 

___However 
in the experiments designed here, the homologous 

or heterologous challenge infections were given when the 

primary infection had been expelled and the gross 

inflammatory changes had disappeared and it was 
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remarkable that the rapid expulsion response was specific 

to T. spiralis after priming with this species. This 

indicates that if rapid expulsion is dependent on residual 

inflammatory changes in the local intestinal environment, 

these changes could well be different from those produced 

by heterologous infections and are quite specific to 

T. spiralis. However, the failure to induce rapid 

expulsion with N. dubius may be explained by the immuno- 

' suppression of host induced by this parasite. Behnke, 

Wakelin, Wilson (1978) have reported that infection with 

N. dubius inhibits the expulsion of T. spiralis from mice 

and Hagan (1980) has proposed that the immunosuppression 

caused by infection with N. dubius may be due to an effect 

of the parasite on lymphocyte responsiveness/effectiveness. 

It is possible that infection with N. dubius interferes 

with the inflammatory response or the inflammatory 

mediators associated with T. spiralis infection. 

Interestingly, a challenge infection with 

T. rrruris established less successfully, or perhaps 

established and was partially expelled when given on day 

14 after T. spiralis primary infection. It is possible 

that the expulsion of T. muris resulted from a residual 

inflammatory change provided by T. spiralis or that 

there is immunologically specific cross reaction between 

the two species. In fact, Lee, Grencis and Wakelin 

(1982) have found antigenic similarities between two 

species and they concluded that the expulsion of a 
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heterologous challenge infection is the result of a 

specific response to shared antigens. With this in mind, 

if the rapid expulsion of T. muris resulted from changes 

induced by T. spiralis these changes must have affected 

T. muris in a specific manner, as they were without effect 

on the other species tested. 

It is unlikely for two, reasons, that priming 

with T. muris would provide the local intestinal changes 

which appear to be necessary for the rapid expulsion response 

and which would operate against a T. spiralis challenge 

infection, since T. muris is a parasite of the large 

intestine and does not appear to elicit gross inflammatory 

responses. 

In rat's, Bell and McGregor (1980a and b) have 

suggested that rapid expulsion of T. spiralis is dependent 

on the specific and non-specific components of the immune 

response. For example in parabiotic rats, it has been 

shown that the rapid expulsion response in one partner 

required intestinal stimulation (e. g. by N. dubius), but 

also, additional immunologically specific stimulatory 

factors which can be transferred sy st emically_ to that 

partner when the other rat is infected with T. spiralis. 

Further experiments-by these authors, in normal rats, have 

indicated that the stimulus for rapid expulsion can be 

provided by the injection of larval T. spiralis antigen 

coupled with the local changes induced by N. dubius 
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infection. In the present work, attempts were made to 

induce rapid expulsion by injecting larval antigen and by 

priming the intestine with normal or irradiated (25 Krad) 

N. dubius larvae. Neither normal nor irradiated larvae 

with or without antigen, induced rapid expulsion in mice. 

One reason may be incorrect-timing of the injection of 

the antigen to stimulate immune response, or perhaps there 

was immunosuppression induced by N. dubius (see above). 

The success of Bell and McGregor (loc. cit. ) in using 

this protocol of immunization in rats for the induction 

of rapid expulsion, may be due to the fact that N. dubius 

may not cause the same degree of immunosuppression in 

rats as it does in mice, but may also reflect the fact, 

now well established, that there are profound differences 

in response to T. spiralis between rats and mice. 
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CHAPTER 5 

THE MECHANISMS OF RAPID EXPULSION AND 

THE EFFECTS OF ADOPTIVELY TRANSFERRED 

IMMUNE MESENTERIC LYMPH NODE CELLS 

(MNLC) ON RAPID EXPULSION AND ON THE 

MAST CELL RESPONSE TO INFECTION 
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PREFACE 

In the previous chapters the basic 

parameters of rapid expulsion were examined. "A 

series of experiments was then carried out to gain 

further information about the process itself and to 

investigate the ways in which it might be brought 

about. The results of these experiments are 

presented in this chapter under two main headings: 

A: The mechanisms underlying rapid expulsion. 

B: The effects of adoptively transferred MLNC 

on rapid expulsion and on the mast cell 

response to infection. 

/ 
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A. MECHANISMS OF RAPID EXPULSION 

INTRODUCTION 

Russell and Castro (1979) have shown that 

in immune rats T. spiralis is expelled within the first 

15 minutes post challenge (p. c. ) They concluded from 

this that the parasites were prevented from establishing 

in the intestinal mucosa. In more recent work Castro, 

Hessel and Whalen (1979) andBullick, Frizzell and Castro (1981) 

have, suggested that this results from an active 

response by the host upon challenge infection. Lee and 

Ogilvie ( 1981) found, however, that in immune rats, 

challenge infections were in fact trapped in the 

intestinal mucus layer. A similar picture in the 

N. brasiliensis/rat model has been described by Miller, 

Huntley and Wallace (1981). Thus there is controversy 

as to whether rapid expulsion is a passive process or 

one involving an actively induced secondary response. 

If the latter is true, then there should be measurable 

immunological and physiological changes in the intestine 

and these may well result from the release of mediator 

factors. The rapid expulsion of repeated challenge 

infections has been demonstrated by Bell and McGregor 

(1979a) and this suggests that if there are mediators of 

rapid expulsion, they are not readily exhausted. 
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In investigating the. mechanisms of rapid 

expulsion in the mouse, it was considered necessary to 

see whether measurable changes occurred in the host as 

a result of challenge, i. e. 'whether there was. an active 

secondary response. 

It has been shown that there are, changes both 

at a cellular and physico-chemical level in the 

intestinal mucosa during a primary infection of 

T. spiralis. One of the earliest measurable changes 

is an enhancement of the basic ability of lymphoblasts 

(both TDL, i. e. thoracic duct lymphocytes and MLNC) to 

localise preferentially in the lamina propria of the 

small intestine. 
. 

In the T. spiralis/NIH model-lympho- 

blast localisation is known to reach aýpeak at 2-4 days 

p. i. This. localisation is thought to occur predominant- 

ly at the most heavily parasitised area of the mucosa, 

the major cell type being T. lymphoblasts (see Manson- 

Smith, Bruce, Rose and, Parrott, 1979b; Rose, Parrott and 

Bruce, 1976). A later change, which is also a useful 

index of host stimulation by infection, is the appear- 

ance of dividing lymphoid cells in the draining MLN. 

Therefore, in this chapter experiments were designed to 

examine: - 

1) whether a challenge infection given on day 

ý`" 14 can establish in the intestinal mucosa of 

immune mice. This was accomplished by 

determining the relative worm numbers in the 



179 

A 

lumen and in the intestinal mucosa. 

2) The ability of a challenge infection given 

on day 14 to influence MLN lymphoblast 

homing. As changes in homing result from 

the presence of worms in the mucosa, this 

parameter was used to measure the success 

of the challenge in achieving normal 

establishment. 

3) The stimulation of MLN cells, after challenge 

infection, by measuring blast cell activity 

in vitro. 

-'. 4) The fate of repeated challenge infections 

given at various times to determine whether 

exhaustible mediators were involved. 

"I 
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MATER I ALS AND ICE THODS 

The strain of mice and the methods used-for 

maintenance, infection and worm recovery have. been 

described in the general materials and methods. 

1. Fecundity 

Female worms were recovered by the standard 

Baermann technique (see general materials and methods), 

but incubation was limited to 15-60 minutes. Fecundity 

was determined in vitro by culturing groups of fifty 

worms (twenty-five worms from. each beaker) in conical 

f lasks in medium containing 8 ml of HBSS and 2 ml of heat 

inactivated foetal calf serum (FCS, Gibco, Europe). The 

flasks were incubated for 4 hours at 37°C. After incuba- 

tion, the female worms were removed by filtration, the 

culture fluid centrifuged and the newborn larvae 

resuspended in a volume of 1 ml of HBSS. Four samples 

each of 0.05 ml were then placed on a microscopic slide, 

examined microscopically and the numbers of newborn 

larvae were counted. The results are expressed as the 

number of larvae released per female worm, per hour 

(larvae/? /h) 
. 

2. Measurement of adult worms 

Adult worms were recovered by the Baermann 

technique, placed in tubes containing HBSS and stored 
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overnight at 4°C for immobilization. The worms were 

then measured from Camera Lucida drawings using at least 

forty female worms from each experimental group. The 

results are expressed as the mean length of the worms in mm. 

3. Irradiation 

Groups of up to 4 mice, confined in a flat 

Perspex box, were exposed to gamma irradiation from a 
t 

500 Ci60Cobalt source for the appropriate length of time 

(dose rate 1.05 Krad/minute). Irradiated mice were 

given antibiotic (Terramycin, Pfizer) in their drinking 

water (see the general materials and methods). 

N. B. 1 Krad = 10 Gray 

- 
4. Immunosuppression 

Cortisone acetate (Cortistab, The Boots 

Company Ltd. ) given subcutaneously, was used at a dose of 

100 mg/kg body weight. 

Cyclophosphamide (Endoxana, W. B. Pharmaceuticals 

Ltd. ) was given intraperitoneally at 300 mg/kg body weight 

and reserpine (BDH) was given by intraperitoneal injection 

at a dose of 1 mg/kg body weight. 

5. Preparation and transfer of cell suspensions 

a. MLN cells. 

Donor mice were killed in chloroform and the 
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mesenteric lymph nodes were stripped of connective tissue 

and fat in situ and then excised and placed into a tube 

containing HBSS on ice. 

Cell suspensions were prepared by finely dicing 

the nodes with scissors and squeezing them with a rubber 

tipped syringe plunger through a fine mesh nylon sieve 

into a Petri dish containing medium 199 (M. 199, Gibco, 

Europe). The Petri dish was raised at one side and left 

to stand for 4-5 minutes. This allowed cell clumps and 

debris to sink to the bottom of the dish. The supernatant 

was collected and centrifuged at 200 g for 5 minutes and 

the cells were resuspended in'a known volume of fresh 

medium 199 containing inactivated foetal calf serum 

(FCS, Gibco, Europe) and 10 I . U. /ml heparin (B. D. H. ). 

One drop of this suspension was mixed (1 in 20) with 0.1% 

solution of Trypan blue in HBSS and the number of live 

(i. e. dye excluding) cells counted in a haemocytometer. 

Viability was usually greater than 90%. The concentration 

of cells in the suspension was then adjusted to give the 

required number in 0.2-0.25 ml. Cells were injected 

intravenously (I/V) into recipient mice via a lateral 

tail vein. 

b. Bone-marrow cells 

Mice were killed and skinned and the back legs 

removed. All the muscles were trimmed from the bone. 

The cells were prepared by flushing the long bones of 
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the limbs with HBSS and then proceeding as described 

above. 

6. Cell separation 

Cell suspensions and medium M. 199 with FCS 

were prepared as decribed above. 

Separation into non-adherent (T cell enriched) 

and adherent (B cell enriched) fractions was carried out 

by passing the cells through sterile nylon wool columns. 

Nylon wool columns were prepared as described by Julius, 

Simpson and ilerzenberg (1973). Briefly 30 ml disposable 

syringes (Plasti Pak) were packed with 2.5 gram of 

scrubbed nylon fibres (Fenwal Laboratories, Illinois). 

The syringes were then filled with 25 ml HBSS and 

autoclaved before use. The columns were washed through 

with HBSS containing 5%o FCS and 10 I. U. heparin/ml. 

The columns were then filled completely with this medium, 

sealed with parafilm and pre-incubated at 37°C for lz 

hours. The cell suspension was filtered through a glass 

wool column to remove debris and dead cells, centrifuged 

for 5 minutes at 200 g and resuspended in approximately 

10 ml of the above medium. A suspension of no more than 

5x 10 8 
cell was then carefully layered into the nylon wool 

-_. columns, which were then sealed with parafilm and incubated 

for 45-60 minutes at 37°C. After incubation the non- 

adherent cells (T cell-enriched population) were washed 

off the columns with approximately 50 ml of warm medium. 
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This suspension was centrifuged for 5 minutes at 200 g 

and resuspended in fresh medium. 

The adherent cell population (B cell enriched) 

was removed by the technique of Handwerder and Schwartz 

(1974) in which the nylon wool was removed from the 

syringe into a beaker and teased apart with forceps in 

cold medium. The nylon wool was removed and cells 

washed in fresh medium. The concentration of cells in 

the suspension was then adjusted to give the required 

numbers in 0.2-0.25 ml. This technique allowed the 

recovery of approximately 50% of the cells applied to the 

columns, with a ratio of nonadherent: adherent cell 

populations of 2: 1. 

7. Fluorescent labelling of Ig bearing cells 

Samples of 1x106 cells were washed twice in 

HBSS and resuspended in 
.9 

drops of HBSS to which was 

added 1 drop of 0.1% sodium azide and 1 drop of a 1: 5. 

(V/V) dilution (HBSS) of fluorescein conjugated goat 

- anti-mouse immunoglobulin antiserum (Nordic Immunology, 

London). After 30 minutes incubation at 4°C in the dark, 

the cells were washed twice in HBSS and resuspended in 

3 drops of 50% glycerine in HBSS. One drop of the 

suspension was placed on a glass slide and covered with a 

coverslip for examination. The labelled cells were 

examined with a Leitz Ortholux fluorescence microscope 

fitted with a Ploem incident light fluorescent system. 
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Cells were examined under white light to determine total 

numbers and then under ultraviolet light to detect 

fluorescing cells.. Cells exhibiting crescent, ringed 

or speckled fluorescence were considered positive. 

Suspensions of MLNC normally contained 50-60% Ig 

bearing cells. 

8. Anti-Thy 1.2 treatment 

Anti-Thy 1.2 monoclonol antibody (Clone F7D5) 

was obtained from Olac Ltd. Guinea pig complement was 

obtained from Grand Island Biological Company. 

Suspensions of washed cells. (enriched B cell population) 

at a concentration of 1x107 cell per ml were incubated 

for 30 minutes at room temperature with an equal volume 

of antiserum at a dilution of 1: 1000 (V/V) in medium 199. 

The cells were then spun down and resuspended in a 1: 10 

dilution (V/V) of unabsorbed guinea pig complement in 

medium 199 at a concentration of 1x107 cellfml and 

incubated for 45 minutes at 37°C. Following incubation 

the cells were washed twice in medium 199 before use. 

Following treatment with Anti-Thy 1.2 serum the number of 

Ig bearing cells in the B cell enriched population was 

80-90%. 

9. Trypan blue (cell viability) 

The stock solution consisted of 2g Trypan blue 
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(BDH) made up to 100 ml with deionized water. This was 

diluted 1: 20 (V/V) in HBSS for use in the dye exclusion 

test. 

10. Cell labelling for in vivo injection 

Lymphocytes were prepared from the MLN as 

described above except that the medium used was prepared 

by taking 100 ml RPMI 1640 (without glutamine or 

bicarbonate, Flow Laboratories) and adding 0.8 ml of 7.5% 

sodium bicarbonate (Flow Laboratories), 1.0 ml of 200 mm 

L-glutamine (Flow Laboratories), 5 ml of heat inactivated 

FCS and 16 mg Crystamycin (6 mg penicillin and 10 mg 

streptomycin, Glaxo Ltd., Greenford). One ml of medium 

containing 5x107 cells was then added to 4 ml aliquots 

of medium containing 185 k/Bq of 5-11251] Iodo-2'- 

deoxyuridine in 0.9% NaCL(specific activ-Jity 185G Bq/mg, 

Radiochemicals Center, Amersham), giving a concentration 

of 37 k/Bq isotope to lxlO7 cells/ml. The cultures were 

incubated for 2 hours at 37°+0.5C and cell suspensions 

were harvested, centrifuged at 200 g for 5 minutes at 

room temperature and after removal of the supernatant, 

washed 3 times and resuspended in medium 199 without FCS 

and heparin. Cells were counted, assessed for viability 

and 2.3x107 viable cells were injected (I/V) into 

__---recipient mice. An injected dose equivalent was retained 

for counting. 
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11. Counting of activity after in vivo injection 

Recipient mice were killed 24 hours after 

injection of labelled cells and the small intestine, 

MLN, spleen, liver and large intestine were removed, 

rinsed in HBSS and placed in plastic vials for counting. 

The organs together with the injected dose equivalent and 

two empty vials for background, were counted in a Packard 

Tricarb Scintillation spectrometer. The results are 

presented as To injected dose (%ID) or % total recovered 

radioactivity (%TR) as shown below: 

ORGAN COUNT-BACKGROUND COUNT 100 
%ID =x 

INJECTED DOSE COUNT-BACKGROUND COUNT 1 

ORGAN COUNT-BACKGROUND COUNT 100 
%TR = TOTAL COUNT (ALL ORGANS) - 5xBACKGROUND COUNT 

X1 

12. Cell labelling for in vitro assays 

In order to asses blast cell activity in vitro 

lymphocytes and medium were prepared as described above. 

Suspensions of MMLNC from a group of mice were pooled and 

triplicated samples of 2x107 cells were placed in tubes and 

labelled with isotope. The methods used for labelling and 

counting were as described above. Results are expressed 

as counts per minute. for each tube (C. P. M. ). 
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RESULTS 

1. The establishment of a challenge infection in 

immune mice 

Attention was focussed on the, rapidity of 

expulsion of a challenge infection given shortly after 

primary infection (see chapter 1) and it was therefore 

decided to re-examine the establishment of a challenge 

infection given 14 days after a primary infection. 

In this experiment, six 7-week-old male NIH 

mice were infected with 300 T. spiralis larvae on day 0. 

Fourteen days later these mice, together with six non- 

infected, age-imatched controls, were challenged with 

300 T. spiralis larvae. ý Both groups were killed 2-3 

hours after infection and the entire small intestines, 

removed and divided into anterior and posterior halves. 

The intestinal contents (washings) were recovered by 

flushing the intestine with 10 ml-cold HBSS using a 10 ml 

syringe fitted with a blünted 21 g needle. The washings 

from each half were collected separately in 50 ml beakers 

and worm recoveries noted. Washed intestines were 

then processed using the Baermann technique (see 

general materials and methods)-for estimating the number 

., of worms remaining in the intestine. 

A comparison of the total worm recoveries 

(shown in Table 5.1) indicated that the majority of the 

larvae were expelled from immune mice within 2-3 hours 
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post challenge. In the iu, muiie mice the number of 

worms recovered from the washings was more than twice 

that recovered by the Baermann technique. In 

contrast, the majority of the worms in control mice 

were recovered by the Baermann technique, with very few 

worms being recovered in the washings. It was also 

noted that the majority of the worms recovered in the 

washings from the immune mice, were from the posterior 

half of the small intestine. However, the majority of 

the worms recovered-by the Baermann technique from the 

control mice were located in the anterior half of the 

small intestine. Thus the reversal of normal worm 

distribution found in immune mice indicated that most 

of the larvae had moved to the posterior half and this 

was emphasised by even more larvae being recovered by 

the Baermann technique from this segment of the small 

intestine. 

2. The effect of a challenge infection on lymphocyte 

migration patterns- 

As mentioned in the introduction, the enhanced 

localisation of MLN cells in NIH mice infected with 

T. spiralis is related to the presence of the parasite in 

the intestine, the accumulation of blast cells being 

much greater in the region of the small intestine which 

the parasites are located (Manson-Smith et al., 1979b). 
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The MLN donors used in the following 

experiments were NIH mice which had been infected for 

4 days with approximately 300 T. spiralis larvae. 

It has been shown that large numbers of blast cells can 

be recovered from the MLN at this time (Grencis, 1981) 

thus providing a cell population which will take up a 

sufficient amount of radio label to give substantial 

counts after injection into recipients. An initial 

experiment was carried out in which labelled cells were 

transferred to r e. cipient mice which received different 

infection regimes. 

Sixteen 7-week-old male NIH mice were divided 

into four groups of four mice each (A, B, C and D). 

-_Two groups (B'and D) were infected with 300 T. spiralis 

on day 0. On day 14 after primary infection, the mice 

of group D together with control uninfected mice (group 

C) were challenged with 300 T. spiralis; group B mice 

were not given a'challenge infection and group A mice 

were kept as control uninfected mice (naive). All the 

mice were given 2x107 labelled immune cells 6 hours` 

after administration of challenge infection and were 

killed 24 hours later. The organs (small intestine, 

MLN, spleen, liver'and large intestine). were removed, 

placed in scintillation vials and the activity counted 

on a Packard spectrometer (see materials and methods). 

The results in terms of percentage (%) injected dose of 

isotope recovered and % of total recovery per organ, 
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are shown in Fig. 5.1 and 5.2, respectively. The % 

recoveries of injected isotope from the small intestine 

and the other organs in mice infected for 14 days 

(group B) were similar to those of control uninfected 

mice (group A). Furthermore, the recovery from the 

small intestine and other organs in the group of mice 

given a challenge infection on day 14 (group D) was 

similar to that of challenge control mice (group C). 

The values for the percentage of total isotope recovered 

from each organ, Fig. 5.2, shows that there was a 

similar distribution of labelled cells in each of five 

organs between all groups. 

In the previous experiment, it was shown that 

there was no enhancement of lymphocyte migration to the 

intestine and other organs of infected mice given 

labelled MLN cells 6 hours after the challenge infection 

(day 14) and assessed 24 hours later. However, it has 

been reported that peak lymphocyte localisation in the 

small intestine occurs between days 2 and 4 after 

primary infection, when assessed 24 hours later, see 

Manson-Smith et al. (1979b). Therefore, in accordance 

with this finding, it was decided to study lymphocyte 

localisation 3 days after challenge as assessed 24 hours 

later. 

Sixteen 7. -week-old male NIH mice were divided 

into four groups of four mice each (A, B, C and D). Two 
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Fiýý . 5.1 

Lymphocyte migration patterns in T. spiralis 

infected mice. Data expressed as percentage 

recovery of the injected close of 
125IlidR. 

All mice received labelled cells. Groups B 

and D were infected 14 days previously and 

groups C and D ;:, ere given challenge 

infections (dav 14) 6 hours before the cell 

transfer (Note: this is a secondary 

infection for group D). Mice were killed 

24 hours after cell transfer. 
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Lymphocyte migration patterns in T. spiralis 

infected mice. Data expressed as percentage 

of tctal recovery of 
125 

MR. 

All mice received labelled cells. Groups B 

and D were infected 14 days previously and 

Groups C and D were given challenge 

infections (day 14) 6 hours before cell 

transfer (Note: this is a secondary 

infection for group D). Mice were killed 

24 hours after cell transfer. 
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groups (B and D) were infected with 300 T. spiralis 

on day 0. On day 14 after primary infection, the 

mice of group D together with control uninfected mice 

(group C), were then challenged with 300 T. spiralis. 

Group B mice were not given a challenge infection and 

mice in group A were kept as uninfected controls. 

All the mice were given 2x107 labelled immune cells 

3 days after challenge infection, or on day 17 of primary 

infection and were killed 24 hours later. The organs 

(small intestine, MLN,. spleen,. liver and large intestine) 

were removed and counted as before. The results in 

terms of percentage (%) injected dose of isotope re- 

covered and % of total recovery per organ, are shown 

in Fig. 5.3 and 5.4 respectively. The To recoveries of 

injected isotope from the small intestine and the 

other organs in mice infected for 17 days (group B), 

were similar to those of control uninfected mice 

(group A). In mice infected for 3 days (group C), the 

To recovery of isotope from the small intestine showed 

an increase when compared with that of immune challenged, 

or control uninfected mice. 

The To of total isotope recovered from each of 

five organs examined, is shown in Fig. 5.4. The results 

show that in mice infected for 3 days (group C), the °fo 

recovery was greater�in the small intestine, but all 

groups show a similar distribution pattern in other 

organs. 
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Fig 5.3 

Lymphocyte migration patterns in T. sniralis 

infected mice. Data expressed as 

percentage recovery of the injected dose of 

125 
MR. 

All mice received labelled cells. Groups B 

and D were infected 14 days previously and 

groups C and D were given challenge 

infections (day 14). Cells were injected 3 

days later (Note-: this is a secondary 

infection for group D). Mice were killed 

24 hours after cell transfer. 
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Lymphocyte migration patterns in T. spiralis 

infected mice. Data expressed as 

1c 
percentage of total recovery of 

2'IUdR. 

All mice received labelled cells. Groups B 

and D were infected 14 days previously and 

groups C and D were given challenge 

infections (day 14). Cells were injected 3 

clays later (Note: this is a secondary 

infection for group D). Mice were killed 

24 hours after cell transfer, 
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3. Stimulation of MLN cells after challenge infection 

To study whether a challenge infection given on 

day 14 p. i. has any stimulatory effect on the lymphocytes 

in the MLN, an experiment was designed to examine 

lymphocyte activity in terms of in vitro labelling. 

In this experiment six 7-week-old male NIH 

mice were infected with 300 T. spiralis larvae on day 0 

and were divided into two groups of 3 mice each (groups 

A and B). Mice in group A together with an uninfected 

control group (group C), were then challenged with 300 

T. spiralis larvae on day 14 post infection (mice in 

group B were not given a challenge infection). All 

___ 
the mice were killed 24 hours later, the MLN removed 

and MLN cells labelled in vitro. 

The small intestines from immune challenged 

mice (group A) and control challenged mice (group C) 

were incubated for worm recovery using the Baermann 

technique. Previously infected, challenged mice 

showed rapid expulsion when assessed 24 hours later. 

The MLNC from three mice in each group were pooled and 

cultures of 2xl07 MLNC were labelled for in vitro 

blast cell activity in triplicate (see materials and 

methods). For each group the blast cell activity was 

expressed in terms of counts per minute (C. P. M. ) per 
? 2x10 cells. The results are shown in Fig. 5.5 and 

indicate that the blast cell activity in the group of 
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Fig. 5.5 

In vitro blast cell activity of MI. N from 

T. spiralis infected mice. Data expressed 

as 
125IUdR 

counts per minute for each tube. 

Cells were taken (i) 24 hours after a 

challenge infection given on day 14 of a 

primary infection (group A), (ii) 15 days 

after a primary infection (group B) and 

(iii) 24 hours after challenge of a 

control group given no primary infection 

(group C). 

Group 

A infected day 0, challenged day 14 

B infected day 0, no challenge 

C uninfected, challenged day 14 

Hatched bars = mean values of 3 cultures 

for-groups B and C, or 2 

cultures for group A. 

Stippled bar = mean value of 3 cultures for 

group A. 
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mice infected for 15 days (group B) was similar to 

that of control challenged mice (group C). In the 

immune challenged mice (group A) one of the three 

cultures gave a count considerably higher than the 

other two. The mean of the lower two was still 

higher than the mean of groups B and C, this 

probably reflects a true difference between group A 

and groups B and C, although the high variance in group 

kA makes statistical analysis difficult. 

4. The fate of repeated challenge infections given 

at various times after initial challenge 

In NIH mice the ability to mount the response 

leading to rapid expulsion of a challenge infection was 

short lived and persisted only until day 16 p. i. (see 

chapter 1). Experiments were designed to examine the 

capacity of mice to respond to a second challenge infection 

given at. various times after an initial challenge infection 

given on day 14. 

Forty eight 7-week-old NIH mice were given a 

primary infection on day 0 and divided into eight 

groups of six mice each. Four groups of these mice, 

together with four groups of uninfected mice were 

challenged on days 14,15,16 or 18. The four 

remaining infected groups were challenged on day 14 and 

were also given a second challenge infection on days 15, 

16,, 18 or 21 (1,2,4 and 7 days after the initial 
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challenge). All the primary and challenge infections 

were with approximately 300 T. spiralis larvae and all 

the mice were killed 24 hours later. The results are 

, shown in Table 5.2. Rapid expulsion was expressed 

until day 16 after primary infection. A second 

challenge infection given for 2 days after the initial 

challenge on day 14 was also expe 11-ed rapidly, but "a 

challenge infection given 4 days after the initial 
41 

challenge was only partially expelled. Mice given a 

second challenge infection on day 21 (7 days after 

initial challenge), did not show rapid expulsion. 
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Table 5.2 

Rapid expulsion of repeated challenge infections 

given at various times after the initial challenge 

Day-of second 
Initial challenge after the Worm recoveries 

challenge initial challenge 24 hours later 
Group day 14 

12 -4 7 Mean S. D. 

1 Immune + ---- 17.7* 12.6 

2 Control + ---- 157.2 7.7 

3 Immune + +---3.8* 2.5 

4 Control none +--- 132.8 32.6 

5 Immune none +--- 14.. 5*. 10.5 

6 Immune + -+--2.2* 2.6 

7 Control none -+-- 140.8 22.7 

8 Immune none -+-- 31.2* 25.4 

9 Immune + --+- 60.5* 34.3 

10 Control none --+- 148.0 25.2 

11 Immune none --+- 141.1 27.3 

12 Immune + ---+ 137.1 24.5 

13 Control none ---+ 139.4 19.9 

*Means significantly lower than the 

corresponding controls p<0.05 
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B. THE EFFECTS OF ADOPTIVELY TRANSFERRED 

MLNC ON RAPID EXPULSION AND ON THE 

MAST CELL RESPONSE TO INFECTION 

The immune response elicited by infection 

with intestinal nematodes may confer protection upon 

the host by interfering with the growth or reproduction 

of the worms and most importantly, may cause the 

expulsion of worms from the intestine (Wakelin, 1978a). 

The immunological mechanisms which are involved in 

these events and the components of these mechanisms have 

been studied for many years. 

It has been shown in a variety of host-parasite 

systems, that both antiwo rm antibodies and sensitised 

lymphocytes can be involved in worm expulsion, although 

the relative importance of each varies between systems. 

Evidence that other components may also be involved, has 

come from experiments in which the ability of the host 

to respond has been destroyed by irradiation and then 

restored by transferring, singly or in combination, 

serum, sensitised lymphocytes and bone marrow cells. 

For example, antiworm antibodies are known to be 

involved in the expulsion of N. brasiliensis from 

rats. Sensitised lymphocytes are also necessary and 

their action may require co-operation with non-lymphoid, 

bone marrow-derived cells, although this is controversial 

(Dineen and Kelly, 1973; Ogilvie, Love, Jarra and Brown, 

1977). 
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In the case of T. spiralis, antiworm anti- 

bodies appear to be of less importance and sensitised 

lymphocytes are thought to be the major immunological 

component in worm expulsion. Wakelin and Wilson 

(1977b) suggested that the lymphocytes did not act 

directly on the worm, but co-operated'with some other 

component of the host response in order to bring about 

expulsion. Evidence was presented to show that this 

other component was non-lymphoid and bone marrow 

derived (see Wakelin and Wilson, 1977a and b). 

The lymphocyte component of worm expulsion 

can be transferred by taking cells from either the 

MLN or TDL and'injecting these, into recipient animals. 

The success of transfer is then measured by an 

accelerated expulsion of worms. Experiments of this 

kind have been carried out in several host parasite 

systems, for example, -in the N. brasiliensis/rat model 

(Dineen, Ogilvie and Kelly, 1973; Ogilvie et al., 1977; 

Nawa and Miller, 1978), in the T. spiralis/mouse or rat 

model (Wakelin and Lloyd, 1976b; Love, Ogilvie and 

Maclaren, 1976; Crum, Despommier and McGregor, 1977), 

in the Trichuris muris/mouse model (Wakelin, 1975 ) and 

in the Trichostrongylus colubriformis/guinea pig model 

(Dineen and Wagland, 1966). 

Cell fractionation studies have shown that, 

on the whole, T-enriched lymphocytes from MLN or TDL 
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are more successful in the transfer of accelerated 

worm expulsion than B-enriched lymphocytes (see Wakelin 

and Wilson, 1979a; Nawa, Parish and Miller, 1978; 

Wakelin, 197801). However, in rats infected with 

T. spiralis, Despommier, McGregor, Crum and Carter (1977) 

have proposed that B cells are more effective in trans- 

ferring immunity than T cells and they therefore 

postulated that expulsion is mediated by IgA antibody. 

k 
The role of mast cells in parasitic infection 

and their possible involvement in the rapid expulsion 

response, have been discussed previously (see chapter 3). 

It is known that the intestinal mast cell response to 

parasite infection is thymus dependent (Mayrhofer, 1979a 

.. and b; Ituitenberg and Elgersma, 1976). The origin of 

the mucosal mast cell is not known, but Guy-grand, Griscelli 

. and Vassalli (1978) proposed that there is a relationship 

between intestinal T-lymphocytes and mucosal mast cells 

and that mast cells may be the final products of T cells. 

More recently, in rats infected with 

N. brasiliensis, Nawa and Miller (1979) showed that an 

accelerated intestinal mast cell response could be 

transferred with immune TDL and that the T cell fraction 

from TDL (sIg cells) was the effective cell population, 

not the B cell fraction (slg+ cells). They concluded 

that either intestinal mast cells are derived from T-cells 

or that transferred immune TDL regulate the differen- 
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tiation of mast cells. In addition, in the 

N. brasiliensis/rat system and in the T. spiralis/mouse 

system, Befus and Bienenstock (1979) and Alizadeh and 

Wakelin (1981a) respectively, have found that immune 

MLNC can transfer intestinal mastocytosis. 

The responses mediated by T-lymphocytes that 

lead to worm expulsion are still' controversial. In the 

case of T. spiralis is is likely that T cells mediate 

inflammatory changes in the intestine and that these 

changes render the intestinal environment unsuitable for 

worm survival Marsh and Race, 1975; Wakelin and 

Wilson, 1979a and b). 

The cellular basis for the generation of these 

changes is unknown, but a potentially important 

component may be the intestinal mastocytosis which T 

cells mediate. 

The experiments discussed in this section 

were designed to examine the involvement of immune 

lymphocytes in rapid expulsion and in the accompanying 

mast cell response. The experiments fall into three 

categories: 

1) The effect on the rapid expulsion response 

of suppressing the host with immune 

suppressive drugs or irradiation. 
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2) The effect upon the mast cell response of 

transferring immune MLNC or separated T and 

B cell populations into irradiated and 

unirradiated mice. 

3) The relationship between rapid expulsion and 

the mucosal mast cell response in recipients 

of immune MLNC. 

1. Effect of immunosuppressive drug treatment and 

irradiation on rapid expulsion 

Attempts were made to block the rapid expulsion 

response in immune mice by using a variety of immuno- 

suppressive drugs (i. e. cortisone, cyclophosphamide and 

reserpine) or by irradiation (850 rad) administered 

before challenge infections. 

Thirty 7-week-old male NIH mice were infected 

with 300 T. spiralis larvae: on day 0 and were divided 

into five groups of six mice each (A, B, C, D and E). 

Group A mice were not given any treatment, groups B, C 

and D were given two single doses of reserpine, cyclophos- 

phamide or cortisone, respectively, on days 12 and 13 

p: i. Mice from group E were irradiated (850 rad) on 

day 12 (see materials and methods). All five groups 

together with uninfected age-matched controls (group F) 

were challenged with 300 T. spiralis larvae on day 14 

p. i. and were killed 24 hours later. The results are 
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Fig 5 e6 

Effect of immunosuppression, by drug 

treatment or irradiation given 2 days 

before a challenge (secondary) 

infection, on\rapid expulsion in NIH 

mice. 

Group 

A no treatment 

B reserpine 

C cyclophosphamide 

D cortisone 

E irradiation 

F control (previously uninfected) 

I 
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shown in Fig. 5.6. Rapid expulsion was partially 

prevented in mice treated with cortisone or given 

irradiation. Reserpine and cyclophosphamide were 

found to be ineffective. 

2. Adoptive transfer of immune MLI`C in irradiated 

and unirradiated mice 

When mice are exposed to 400 rad irradiation, 

expulsion of T. spiralis is prevented and the worms 

survive for more than 3 weeks (Wakelin and Wilson, 1980 

and personal observations). It is known that irradiation 

interferes with the developant and expression of immunity. 

'In a series of experiments, attempts were made to examine 

a) the effect of transferring immune MLNC upon primary 

worm expulsion in irradiated and unirradiated mice, 

b) the effect of transferring immune cells upon the 

intestinal mast cell response in irradiated and 

unirradiated mice, and c) the rapid expulsion of a 

challenge infection and the effect of transferring immune 

cells on this response in irradiated mice. 

a) The effect of transferring immune cells upon 

worm expulsion in irradiated and unirradiated 

mice 

Thirty-six 7-week-old male NIH mice were divided 

into six groups of six mice each. Two groups of these 

mice were irradiated with 400 rad. On the following 

ya 
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day one irradiated and two unirradiated groups were 

given 3.2x107 immune MLNC and all the mice were then 

infected with approximately 300 T. spiralis larvae. 

Unirradiated recipients and control mice were killed 

on days 1 and 8 p. i. Irradiated recipients and control 

mice were killed on day 12 p. i. The results are shown 

in Table 5.3. In unirradiated mice given immune cells, 

loss of the worms had begun by day 8 and in irradiated 

recipients loss of the worms had begun by day-12 p. i. 

b) The effect of transferring MLNC upon the 

intestinal mast cell response in irradiated 

and unirradiated mice 

A -i Unirradiated mice 

-Forty-five 7-week-old male NIH mice were 

infected with 300 T. spiralis larvae and were divided 

into three groups of fifteen mice each. The mice in 

groups 1 and 2 received immune or control MLNC on the 

day of infection, group 3 mice did not receive cells. 

An additional forty-five age-matched uninfected NIH mice 

were divided into three groups of fifteen mice each. 

Two groups received immune or control cells, the third 

group acted as normal controls. Three mice in each 

group were killed on days 2,4,6,8 and 10 p. i. A 

segment (5 cm) from-the middle of the small intestine 

was removed and examined for the mast cell response. 
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Table 5.3 

Transfer of immunity with immune MLNC 

in irradiated (400 rad) and unirradiated 

mice. 

Worm recoveries after infection 

Day 1 Day 8 Day 12 

Group Mean S. D. Mean S. D. Mean S. D. 

Unirradiated 
mice 

no cells 185.2 24.5 165.3 40.6 n. d. 

immune cells 160.7 18.2 62.5* 38.0 n. d. 

Irradiated 
mice 

no cells n. d. n. d. 171.6 39.5 

immune cells n. d. n. d. 80.0* 27.4 

Mean significantly lower than control 

p <" 0.05 

n. d. = not done 
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The mean numbers of mast cells per 20 V. C. U. for each 

group is shown below and the overall pattern of the 

response is shown in Fig. 5.7. 

Mean number (+S. D. ) of mucosal mast cells 

per 20 Y. C. U. in unirradiated mice. 

" Groups of mice 

Days of 
post Infected (no cells) Infected recipients of 

infection immune MLNC 

Mean S. D. Mean S. D. 

2 56 8 98 10 

4 102 17 215 12 

6 342 38 450 45 

8 936 64 1132 57 

10 838 46 1063 61 

Uninfected 
control 52 10 45 12 

Mast cell numbers increased considerably by day 

6 p. i. and had reached a peak by day 8 in the infected 

group (no cells). The mast cell response was accelerated 

in mice infected and given immune MLNC being approximately 

double the level in control infected mice on days 2 and 4 

p. i. The number of mast cells remained at higher levels 

in infected recipients of immune cells on days 6,8 and 

-. 10 post infection. Control MLNC did not accelerate 

mastocytosis in infected mice, cell numbers were virtually 

identical with those in mice infected only and the counts 
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Fig. 5.7 

k 

Mean mast cell numbers per 20 Y. C. U. in 

unirradiated NIH mice. Infected mice 

given no cells (O-O) or given immune 

MLNC (0-e) 
.-___ Mast cell numbers 

in uninfected mice given no cells, or 

given immune or control MLNC. 
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have been omitted from the data. ' In the absence of 

infection transfer of cells, whether control or immune, 

had no effect on mast cell numbers. 

ii Irradiated mice 

Forty-five 7-week-old male NIH mice were 

irradiated with 400 rad and infected with 300 

T. spiralis larvae one day later. They were divided 

into three groups of fifteen mice each. Two groups 

received immune or control MLNC on the day of infection, 

the third group did not receive cells. An additional 

forty-five age-matched uninfected controls were 

similarly divided into three groups of fifteen mice 

-each. Two groups received immune or control cells, the 

third groups did not receive cells. Three mice in each 

group were killed on days 2,4,6,8 and 10 p. i. and a 

segment (5 cm) from the middle of the small intestine 

was removed and examined for the mast cell response. 

The mean number of mast cells per 20 V. C. U. for each 

group is shown below. The overall patterns of the mast 

cell response is shown in Fig. 5.8. 



215 

Mean number (+S. D. ) of mast cells per 

20 V. C. U. in irradiated mice 

Days of Infected (no cells) 
Infected recipients 

post infection of immune MLNC 

Mean S. D. Mean S. D. 

2 7 2 9 3 

4 8 4 22 8 

6 8 3 54 15 

8 10 4 265 18 

10 21 10 286 22 

uninfected 3142 
control 

In irradiated mice, the numbers of mast cells 

were considerably lower than in unirradiated mice (see 

the above results). Irradiation delayed intestinal 

mastocytosis in infected mice and no rise was observed 

until day 10 p. i. In irradiated infected recipients of 

immune MLNC, mastocystosis began to develop by day 4 and was 

still rising by day 10 p. i. At this time, mast cells 

were observed in discrete patches in the mucosa. The 

number of mast cells in irradiated recipients of control 

MLNC was similar to that of irradiated infected mice, 

cell numbers were virtually identical with those in mice 

infected only and the counts have been omitted from the 

data. In the absence of infection transfer of cells, 

whether control or immune, had no effect on mast cell 

numbers. 
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Fig. 5.8 

Mean mast cell number per 20 V. C. U. 

in irradiated NIH mice. Infected 

mice no cells (O-O) or given 

immune MLNC (C-4) 
.__= Mas t 

cell numbers in uninfected mice 

given no cells or given immune or 

control }fLNC. 
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c) Rapid exp ulsion in irradiated mice and the 

effect of transferring MLNC on this res ponse 

The results of the above experiments showed 

that irradiated (400 rad) mice did not reject a primary 

infection in the "normal" time. The transfer of immune 

cells into such mice does result in an accelerated worm 

expulsion, but this is delayed by 2-4 days compared with 

normal unirradiated recipients. 

Experiments were therefore designed to examine 

the fate of rapid expulsion in irradiated mice and also 

to determine which components"associated with rapid 

expulsion are affected by irradiation. 

Forty-eight 7-week-old male NIH mice were 

divided into groups of six mice each. Four groups 

(1-4) were irradiated with 400 rad and one day later two 

groups of these mice (groups 2 and 3) received 3.2x107 

immune or control 1SLNC, respectively. Two unirradiated 

groups (groups 6 and 7), also received immune b4LNC. 

Three irradiated groups (i. e. cell recipient groups 2 and 

3 and control group 1) together with two unirradiated 

groups (i. e. cell recipient group 6 and control group 5) 

were infected with 300 T. spiralis on the day of cell 

transfer. The remaining mice (groups 4,7 and 8) were 

not infected. On day 12 p. i. all the infected and 

uninfected groups were given a single treatment of 
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methyridine (see general materials and methods) to 

remove any residual worms. On day 14 all the mice 

were challenged with 300 T. spiralis larvae and were 

killed 24 hours later. The results are shown in Table 

5.4. Rapid expulsion did not occur in either irradiated 

mice or irradiated recipients of control MLNC. Immune 

MLNC restored the rapid expulsion response in irradiated 

mice. Non infected recipients of immune cells did not 

show rapid expulsion of a challenge infection. 

d) The effect of T and B cells upon the mast 

cell response in irradiated mice 

The results from previous experiments showed 

that immune 2v4LNC were capable of transferring a mast cell 

response in irradiated infected mice and an accelerated 

mast cell response occurred in unirradiated infected 

mice. Further transfer experiments using T and 13 

enriched populationsof MLNC were used to identify the 

lymphocyte population responsible for the transfer of the 

mast cell response in irradiated mice. 

Twenty-four 7-week-old male NIH mice were 

irradiated with 400 rad and infected with 300 T. spiralis 

one day later. They were divided into four groups of 

--six mice each (A, B, C and D). Group A mice did not 

receive cells, group B mice were given 2x107 unseparated 

immune cells, group C mice received 2x107 T cells and 

group D mice received 2x107 B cells. All the mice were 
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Table 5.4 

Effect of MLNC upon rapid expulsion 

in irradiated mice 

Group Cells 
transferred 

Worm recoveries 
24 hours of ter 

challenge 

Irradiated mice IMLl\'C CMLNC Mean S. D. 

1- infected challenged -- 127.5 12.3 

2- infected challenged 3.2x107 - . 
30.0* 22.6 

3- infected challenged - 3.2x107 129.8 28.4 

4- uninfected challenged -- 157.7 36.0 

Unirradiated mice 

5 - infected challenged -- 12.5* 22.0 

6- infected challenged 3.2xl07 - 10.8* 7.4 

7 - uninfected challenged 3.2xl07 - 120.9 22.4 

8- uninfected challenged -- 148.5 41.2 

*Mean significantly lower than uninfected challenged 
control 

p<0.05 

Immune cells (IMLNC) 

Control cells (CMLNC) 
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killed on day 12 p. i. A segment (5 cm) from the 

middle of the small intestine was removed, from three 

to four mice in each group, and examined for the mast 

cell response (see below). The rest of the guts were 

incubated for worm recoveries by the Baermann technique 

and worm fecundity was measured (see materials and 

methods). 

In addition, 24 unirradiated mice were 

infected with approximately 300 T. spiralis on day 0 

and were divided into four groups of six mice each. 

Two groups of these mice received 2x107 unseparated 

immune cells on the day of infection, the other groups 

received no cells. One recipient group and a control 

was killed on day 8 p. i. to determine the effectiveness 

of cell transfer. The mean number of worms recovered 

was 109+46 and 240+30 respectively and worm fecundity 

was 1.6 and 3.2 larvae/female/hour, indicating that 

immunity had been transferred successfully. Both 

irradiated mice and irradiated recipients of unseparated 

- immune MLNC and T or B cells failed to reject their worms 

by day 12 p. i., but worm fecundity was reduced in 

unseparated cell recipients(i. e. the fecundity in 

irradiated controls and irradiated recipients was 7.2 

and 1.2 larvae/female/hour). 

The other two remaining groups of unirradiated 

mice (groups E and F) were killed on day 12 p. i. to 
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determine the number of mast cells present and to 

compare the result with those obtained from irradiated 

mice killed at this time. 

The mean numbers (+S. D. ) of mast cells per 

20 V. C. U. for each group is shown below and the overall 

pattern of the mast cell response is shown in Fig. 5.9. 

Group Irradiated mice 
Mean number 
mast cells 

on day 

(+S. D. ) of 
per 20 V. C. 1L 
12 p. i. 

Mean S. D. 

A no cells 40 21 

B unseparated immune MUIC 381 34 

C T-cell 224 25 

D B-cell 45 17 

Unirradiated mice 

E no cells 1020 84 

F unseparated immune MLNC 1124 52 

Irradiated recipients of unseparated-MLNC and 

T cell enriched MLNC (groups B and C) developed masto- 

cytosis by day 12 p. i., but the number of mast cells in 

irradiated recipients given the B cell enriched fraction 

. _. ___ _ 
(group D) was similar to the control group (group A), 

i. e. irradiated no cells. In unirradiated mice given 

either no cells (group E) or immune cells (group F) the 
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number of mast cells was considerably higher than in 

the irradiated mice, even when these had been given 

unseparated MLNC or T cells. 

A 
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Fig. 5.9 

The effect of adoptive transfer of 

separated populations of immune MLNC 

upon the mast cell response in 

irradiated (400 rad) infected mice. 

All the mice were killed on day 12 

post infection. Immune MLNC given 

to mice irradiated 1 day previously 

and infected . on day of cell transfer. 

Group Recipients 

A irradiated, no cells (control) 

B irradiated, given unseparated 

immune MLNC 

C irradiated, given T cells 

D irradiated, given B cells 

E unirradiated, no cells 

F unirradiated, given unseparated 

immune MLNC 
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e) The effect of 'adoptive transfer of immune 

MLNC upon the mast cell response and on 

rapid expulsion in irradiated, bone 

marrow reconstituted mice 

A. Mast cell response 

The results from the above experiments using 

s' 

mice irradiated at 400 rad showed that immune MLNC 

transferred an enhanced mast cell response, but only to 

a limited degree. It is possible that immune MLNC may 

give rise directly to mast cells, act as helper- cells 

or co-operate with other components of the host response 

(presumably bone marrow-derived components). To examine 

these possibilities, it was decided to increase the level 

of irradiation to further deplete the mice of immuno- 

competent cells and of bone marrow stem cells. 

Thirty-six 7-week-old male NIH mice were 

divided into six groups of six mice each. Four groups 

(A, B, C and D) were irradiated with 650 rad and 1 day 

later, together with one group.: of unirradiated mice 

(group E), they were infected with 300 T. spiralis larvae; 

mice in group F were kept as unirradiated uninfected 

controls. Mice in group A received no cells, mice in 

group B received 3.5x107 immune MLNC, mice in group C 

7 
received 3.5x10 immune MLNC and 1x10? syngeneic bone 

marrow cells from uninfected donors and mice in group D 
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received only 1x107 bone marrow cells. All the mice 

were killed on day 9 p. i. A segment (5 cm) from the 

middle of the small intestine was removed from 3 or 4 

mice in each group and examined for the mast cell 

response. The mean numbers (+S. D. ) of mast cells per 

20 V. C. U. is shown below and the overall pattern of the 

mast cell response is shown in Fig. 5.10. The rest of 

the guts were incubated for worm recoveries using the 

Baermann technique, the fecundity and the length of the 

worms were also measured. 

Mean numbers (+S. D. ) of mast 
cells per 20 V. C. U. on day 9 

Group Irradiated mice post infection 

Mean S. D. 

A no cells 5 2 

B. immune MLNC 282 19 

C bone marrow cells. 7 3 

D immune MLNC and 305 23 
bone marrow cells 

Unirradiated mice 

E no cells 985 92 

F Control uninfected 49 10 
mice 

Irradiated recipients of immune MLNC alone 

(group B) or immune MLNC and bone marrow cells (group 

D) developed mastocytosis by day 9 pi. The number of 
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mast cells in irradiated recipients of bone marrow 

cells (group C) was similar to that of controls given 

no cells (group A). The number of mast cells inunirradiat- 

ed infected, mice (group E) was considerably higher than 

in irradiated mice or in control unirradiated mice 

(group F). 

None of the mice in the irradiated groups had 

rejected their worms by day 9 p. i., but the majority of 

the worms had been rejected from unirradiated groups at 

this time. However, the growth and fecundity of the 

worms in irradiated recipients of immune cells had been 

markedly reduced (Table 5.5) indicating that immunity 

had been successfully transferred. 

The ability of immune MLNTC to transfer 

immunity was determined in additional groups of un- 

irradiated mice given 3.5x107 immune cells, infected 

with 300 T. spiralis and killed 8 days later. The 

numbers of worms recovered in recipients and controls 

were 100+20 and 156+31, 'respectively; fecundities were 

1.8 and 4.5 larvae/female/hour respectively; indicating 

that immune cells had considerably affected worm survival 

and fecundity, 

B. Rapid expulsion 

To examine the rapid expulsion of a challenge 

infection in mice given 650 rad irradiation before 
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infection, an additional eighteen NIH mice were 

divided into three groups of six mice each. One group 

was irradiated and given 3.5x107 immune MLNC and. lxl0? 

bone marrow cells on the following day. This group and 

one unirradiated group were infected with 300 T. spiralis 

larvae on the day of cell transfer and then, together 

3 

with control uninfected mice, given a single treatment 

of methyridine (see general materials and methods) on 

day 12 p. i. They were challenged with 300 T. spiralis 

on day 14 p. i. and were killed one day later. The 

numbers of worms recovered were 12+14,91+50 and 130+15 

in the unirradiated challenged, irradiated challenged 

recipients, and unirradiated challenged controls, 

_respectively. 
These results indicate that rapid 

expulsion occurred only in immune unirradiated mice. 

However, worm numbers were reduced in irradiated 

recipients when compared with the control challenge 

group. 
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Fig. 5.10 

Effect of adoptive transfer of immune 

ALZýTC upon the mast cell response in' 

irradiated (650 rad) bone-marrow (BM) 

reconstituted infected mice. All 

mice were killed on day 9 post 

infection. 

Group 

A 

B 

C 

D 

E 

F 

Irradiated mice 

No cells 

immune MLNC only 

BM reconstitution only 

immune MLNC plus BM 

Unirradiated mice 

no cells 

control uninfected mice 
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Table 5.5 

Effect of transferring immune MLNC and bone 

marrow (BM) on fecundity and length of worms 

in mice irradiated with 650 rad before 

infection with T. spiralis 

Day 9 post infection 

Fecundity Female length 
Group larvae/female/hour mm 

Unirradiated mice- 

No cells 3.9 1.8 

Irradiated mice 

No cells 5.7 2.8 

B. M. 5.4 2.9 

Immune ML. I\TC 1.8 2.0 

Immune MLNC+BM 1.8 2.0 
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DISCUSSION 

Previous results (chapter 1) showed that 

rapid expulsion of T. spiralis only occurred within a 

short period of time after challenge in immune mice. 

In the experiments described in this chapter, attempts 

were made to see whether a challenge infection given on 

day 14 p. i. could actually establish in the intestinal 
ti - 

mucosa. For this reason, both washing out and the 

Baermann technique were used for worm recovery enabling 

the percentage of the worms that remained in the 

intestinal mucosa to be determined. It was found that 

in immune mice the majority of challenge larvae were 

expelled within 2-3 hours after challenge and only 340 

of the worm population remained in the intestine 

(expressed as a percentage of the total worm recovery in 

control challenge mice). Of these, 24% were recovered 

by flushing out (presumably those worms that remained 

in the lumen) and 10% were recovered by the Baermann 

technique, which implies that this proportion of the 

worms was in the intestinal mucosa. 

The mechanism underlying the rapid expulsion 

response is controversial and currently two views have 

been proposed for the mechanisms and components which 

-- -"- are involved in this response. A passive mechanism for 

rapid expulsion was suggested by Lee and Ogilvie (1981). 

They reported that a challenge infection given to immune 
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rats was prevented from establishing in the intestinal 

mucosa, and concluded that the mucus layer played an 

important role in the response. However, in the T. spiral is/ 

rat model, substantial numbers of worms were recovered 

from the deep intestinal mucosa, which may-suggest that 

a proportion of the challenge infection did establish. 

Although it is not clear whether or not there is 

increased mucus production upon a challenge infection, 

in vivo studies of mucus trapping by the same authors 

showed that a few larvae were also trapped in the mucus 

of uninfected rats. The factors which contribute to 

mucus trapping are not known, but in vitro studies showed 

that a similar number of larvae were trapped in the mucus 

of immune and control rats when incubated with immune or 

control serum. Attempts were made in the present work 

to develop techniques for the study of mucus trapping in 

immune mice, however, sufficient quantities of intestinal 

mucus could not be obtained from these animals. Notwith- 

standing, considering the large increases in mast cells 

and goblet cells seen in mice, it is probable that a 

passive mechanism is operating in the mouse system, (see 

chapter 3). 

Active mechanisms which may be induced by a 

challenge infection of T. spiralis have been suggested by 

Castro et al. (1979). They have proposed that physico- 

chemical changes and alterations in epithelial function 

(Bullick et al., 1981) are associated with the rapid 
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expulsion response.. The phenomenon of mucus trapping 

of challenge infections in rats infected with 

N. brasiliensis has been studied by Miller et al. (1981). 

They concluded that, following challenge, a sequence of 

events leading to a rapid expulsion may result as a 

consequence of a local intestinal anaphylaxis, which may 

have an additive effect on the environmental changes in 

the intestine. At present there is not sufficient data 
A 

to support an active mechanism for rapid expulsion in 

mice, therefore, both mechanisms described above should 

be considered in the analysis of this response. The 

cellular and physico-chemical changes which result from 

a primary infection, can be assumed to be prerequisite 

for both of these mechanisms involved in rapid expulsion. 

In respect to an active mechanism, experiments 

were carried out in an attempt to determine the influence 

which an infection had upon the localisation of I/V 

injected immune MLNC. The pattern of homing of lympho- 

blasts was similar in uninfected mice and mice infected 

with T. spiralis for 14 days. When immune MLNC were 

injected 6 hours after challenge, the extent of lympho- 

blast localisation had not changed in either the small 

iritestine or other organs that were measured in immune 

and control challenged mice, and the distribution of 

labelled cells was also shown to be similar. It is 

possible that the time of injection of labelled cells in 
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relation to the presence of the parasite is important, 

because increased localisation of lymphocytes in the 

small intestine occurred in control mice which had been 

infected with T. spiralis for 3 days, thus confirming the 

work of Manson-Smith et al. (1979b), but not in immune 

mice. It is clear that a challenge infection given on 

day 14 is subjected to rapid expulsion and these results 

may imply that the factors associated with increased 

lymphocyte localisation were not stimulated by the 

challenge larvae. These factors are not known, but it 

has been suggested that they are not parasite specific 

(Rose et al., 1976; Love and Ogilvie, 1977) and are not 

related to the increased blood flow which accompanies 

infection (Ottaway, Manson-Smith, Bruce and Parrott, 

1980). They may be dependent on environmental, chemo- 

tactic factors, hormonal influence and possibly-other 

factors (Bienenstock and Befus, 1980). It is possible 

that lymphocytes are trapped in these organs rather than 

becoming localised or homing. However, the fate of 

these cells after localisation is not known. 

The experiments did not investigate whether a 

challenge infection given after the period of rapid 

expulsion (after day 16) can, in fact, cause an increase 

in lymphoblast localisation or whether enhanced localisa- 

tion of lymphocytes develops more quickly in a challenge 

infection than in a primary infection. 
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In vitro blast cell activity was measured on 

day 15 after primary infection and one day after a 

challenge infection given on day 14 p. i. The results 

showed that activity in immune challenge mice was raised but 

not markedly higher than that of challenge control mice. 

This may suggest that, because the majority of the 

challenge infection was expelled rapidly, there were 

insufficient worms to stimulate a normal increase in 

blast cell activity in the MLN. However, the variation 

in the readings of radio labelled cells which appeared 

in the results of pooled lymphocytes from immune, 

challenged mice, make it difficult to draw any firm 

conclusions. It is possible that an inappropriate time 

was chosen for these measurements. There is evidence 

to suggest that blast cell activity increases within 2 

days of a challenge infection given on day 21 p. i., 

whereas in primary infection this increase is not 

observed until between days 4 and 8 p. i. (Grencis, 1981). 

In addition, Grencis (manuscript in preparation) has data 

showing that an increased secondary blast cell response 

can be demonstrated when a challenge infection is given 

on day 13 post infection. Thus it is possible that there 

is a correlation between the presence of parasites and 

the development of blast cell response in MLN upon 

_ry challenge infection. 
. 

A second challenge infection given 1 or 2 days 

after an initial challenge on day. 14 p. i., was also 
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expelled rapidly indicating that whatever factors are 

involved in the response, they had not been exhausted by 

one challenge and were capable of affecting a second 

challenge infection. Interestingly, when a second 

challenge infection was given 4 days after an initial 

challenge, it was partially subjected to rapid expulsion, 

whereas an initial challenge at this time was not. It 

is possible that the first challenge infection amplified 

the "mediators" of rapid expulsion and caused the 

expulsion of the second challenge infection. A similar 

result has been obtained in rats by Bell and McGregor 

(1979b) who have shown that immunized rats were capable 

of, resisting two challenge infections given from 12-72 

hours after an initial challenge and this has been 

interpreted as showing that the response does not depend 

upon exhaustible mediators. 

To examine the nature of the rapid expulsion 

response and the immunological components which may be 

associated with this response, mice were given immuno- 

suppressive drugs or irradiation (850 rad) before challenge 

infections. Rapid expulsion was partially prevented by 

cortisone and by lethal levels of irradiation given 2 

days prior to challenge infection, but reserpine and 

cyclophosphamide were ineffective. Irradiation and 

cortisone treatment given at this time should not 

markedly alter the titre of pre-existing antibodies 

present (Taliaferro, Taliaferro and Jaroslow, 1964) and 
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therefore it is reasonable to suggest that these treat- 

ments might have exerted their effect by altering 

cellular components involved in the rapid expulsion 

response. It is known that cortisone and irtadiation 

suppress the inflammatory response and in particular 

effectively prevent mastocytosis in parasitic infection 

(this thesis, Befus and Bienenstock, 1979; Larsh and 

Race, 1975; Coker, 1956 and Topham, personal 

communication). 

The timing and level of treatment with immuno- 

suppressive drugs are known to be important factors 

governing effective suppression of the immune response. 

Thus it is possible that cyclophosphamide and reserpine 

-failed to prevent rapid expulsion because of an in- 

adequate regimen. Certainly it is known that reserpine 

can act on mast cells and their products (Lee and 

Ogilvie, 1981). Both of these drugs may suppress the 

inflammatory response, but the complexity of their modes 

of action make it difficult to relate effects to 

- particular components of the immune response. 

To analyse some of the cellular components 

which may be involved in the rapid expulsion response, 

initial experiments were carried out to examine the 

-. effect on a primary infection of transferring immune MLNC. 

The results described in this chapter confirm those 

obtained by Wakelin and Lloyd (1976b) and Wakelin and 
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Wilson (1977a), i. e. they indicate that immune cells are 

capable of transferring an effective immunity to recipient 

mice. 

Analysis of the action of immune cells and of 

their possible interaction with other components of the 

immune response in worm expulsion, requires the use of 

recipients which are relatively immunologically 

incompetent. To this end, irradiation was used to 

inactivate the response in intact mice. However, the 

action of irradiation cannot be explained in simple terms. 

There is evidence to suggest that irradiation affects 

primarily cellular components, *and lymphocytes are 

highly sensitive (see, Taliaferro et al., 1964; 

Anderson and Warner, 1976), but treatment influences many 

other physiological and regulatory mechanisms. This 

method of rendering an animal immunologically incompetent, 

has been used successfully in analysing the components of 

the immune response involved in the N. brasiliensis/rat 

model (Dineen and Kelly, 1973; Ogilvie et al., 1977), 

in the T. muris/mouse model (Nakelin, 1975 ; Wakelin and 

Selby, 1976) and in the T. spiralis/mouse model (Wakelin 

and Wilson, 1977b, 1979a and 1980). 

In the present work, attention was focussed on 

--------the effect of transferring immune cells on the mucosal 

mast cell response and on the rapid expulsion of 

challenge infection. The results are discussed in the 
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following order: 

a. The role of the cells on worm expulsion 

from a primary infection and on the rapid 

expulsion response. 

The experiments described here showed that in 

normal recipients, immune MLNC confer an immunity which 

leads to accelerated worm expulsion by day 8 post 

" infection. In irradiated recipients of immune MLNC, 

worm expulsion occured between days 8 and 12. Challenge 

infections given on day 14 after infection were expelled 

rapidly from both unirradiated mice and recipients of 

immune cells, but rapid expulsion did not occur in 

either irradiated mice or normal recipients of control 

MLNC. Irradiated mice showed rapid expulsion only when 

they received immune cells 1 day after irradiation, but 

control cells were ineffective. 

In NIH mice, "the mesenteric lymph nodes are 

grossly enlarged on day 8 post infection and it appears 

that this is a consequence of a lymphocyte proliferation 

which reaches peak levels at this time, (i. e. blast cell 

numbers are increased between days 4 and 8 p. i. as 

measured by in vitro labelling - Grencis, 1981). It is 

known that when these cells are injected, they localise 

preferentially in the small intestine between days 2 and 

4 and that this localisation is characteristic pre- 

dominantly of T. lymphoblasts (Rose et al., 1976). 
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What factors do these immune cells supply which both 

accelerates worm expulsion in normal mice and restores 

a primary worm rejection or rapid expulsion of challenge 

infection in irradiated (400 rad) mice? In addition, 

how do these cells express the response in recipient 

mice? 

It is known that activated lymphocytes and 

anti-worm antibodies-in conjunction with the inflammatory 

response are involved in the primary-type expulsion of 

T. spiralis from mice. The factors which are involved 

in rapid expulsion are possibly also connected with the 

above mechanisms and it is clear that these components 

can be supplied by immune MLNC. Transfer of these 

-cells may supply the components necessary to generate 

the response directly, or the cells may co-operate with 

other components. Mesenteric lymph node cells taken 

from mice after infection are known to contain both T 

and B lymphoblasts. In both unirradiated and 

irradiated (400 rad) mice, it has been shown that 

expulsion of T. spiral-is can be generated by aT cell- 

enriched fraction of MLNC (Wakelin and Wilson, 1979a). 

Of course in this system a role for anti-worm antibodies 

in worm expulsion cannot be ignored because some B cells 

are known to be radioresistant (Pilarski and Cunningham, 

1975), but Wakelin and Wilson (1979a) concluded that the 

contribution of B cells to the expulsion of T. spiralis 
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from mice is a minor one. From this evidence, it is 

likely that the factors which restored the rapid 

expulsion response in irradiated mice are also primarily 

dependent upon the T cell population of transferred 

MLNC. 

In the primary-type expulsion of T. spiralis, 

it has been suggested that T cells may act as helper 

cells or contribute to generation of cellular changes in 

the intestinal mucosa (Wakelin and Wilson, 1979a). In 

addition, there is evidence to suggest that generation of 

some cellular changes (mast cells and goblet cells) in 

N. brasiliensis infected rats'is also dependent on the 

T cell population of TDL (Miller and Nawa, 1979a; 

Nawa and Miller, 1979). 

In the T. spiralis/mouse system, it has been 

demonstrated that the other components involved in worm 

expulsion, are bone-marrow derived. For example, 

restoration of expulsion from sublethally irradiated 

mice (600) is achieved when the mice are given both MLNC 

and bone-marrow cells, (Wakelin and Wilson, 1977a). 

Bone-marrow cells are also involved in the expulsion of 

N. brasiliensis (Dineen and Kelly, 1973). 

The results presented here showed that neither 

worm expulsion nor rapid expulsion of a challenge 

infection occurred in mice irradiated (650 rad) and given 



241 

only immune MLNC, but fecundity and growth in a primary 

infection were affected. This evidence confirms that 

obtained by Wakelin and Wilson (1980) who showed that 

an anti-worm immunity, but not worm expulsion; was 

evident in irradiated (600 rad) recipients. ' The role 

played by bone-marrow derived cells is not known, but it 

has been suggested that if worm expulsion occurs as a 

result of inflammatory changes in the intestinal mucosa, 

bone-marrow cells may contribute to the renewal of those 

non-lymphoid components which are affected by irradiation 

and which co-operate with lymphocytes to bring about 

primary worm expulsion and perhaps also the rapid 

expulsion response. The reason for the failure of mice 

irradiated and reconstituted with MLNC and bone-marrow 

to expels challenge is not known, but it is possible that 

the cellular components involved in this response were 

not completely restored. 

b. The role played by immune cells in 

the mast cell response to infection 

The evidence presented here showed that in 

infected unirradiated mice, the number of mast cells 

increased considerably by day 6 and reached a peak level 

between days 8 and 10 post infection. In recipients of 

immune MIM an accelerated mast cell response occurred by 

day 4 and the numbers of mast cells remained higher than 
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in control infected mice (no cells) up to day 10 p. i. 

In irradiated infected mice the mast cell response was 

delayed until day 8, and even-then, by day 10 p. i. the 

numbers of mast cells had reached only control 

(uninfected) levels. 

In infected irradiated recipients of immune 

MLNC the mast cell response was partially restored and 

was "comparatively high by day 10, but the number of 

mast cells was still lower than in unirradiated mice. 

In addition, the number of mast cells in recipients of 

control MLNC was similar to that of control (infected, - 

no cells) throughout the experiments. The level of 

mast cells in control (uninfected) recipients of either 

immune or control MLNC, was similar to that of uninfected 

mice. 

These results can be summarised as follows: 

1) immune 1LNC transferred immunity (in terms of worm 

expulsion) to unirradiated and irradiated (400 rad) 

recipients, 2) the mast cell response could be transferred 

with immune b1LNC in irradiated and unirradiated mice, 

3) the mast cells or precursors of mast cells, are radio- 

sensitive, 4) antigenic stimulation is necessary for 

differentiation of mast cells, 5) rapid'expulsion was 

restored in irradiated (400 rad) recipients of immune 

MLNC and 6) there is a relationship between transfer of 

immune MLNC, the mast cell response and subsequent rapid 
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expulsion of challenge infection. Therefore, whatever 

mechanisms are involved in the rapid expulsion, i. e. 

passive or active mechanisms (see earlier), the results 

imply that mast cells or their products, may play an 

important role. Nawa and Miller (1979) and Miller and 

Nawa (1979a) have reported similar results from their 

work in the N. brasiliensis/rat model and have suggested 

that immune TDL not only regulate the mast cell response 
I 

but. also, directly or indirectly, regulate the differen- 

tiation of intestinal goblet cells. 

Further experiments with separated immune MLIC 

were carried out to identify the lymphocyte populations 

responsible for transferring the mast cell response. 

In these experiments, irradiated (400 rad) mice were used 

because mast cells are depleted in mice given this dose 

of irradiation and exogenous bone-marrow cells are not 

needed for the restoration of the immune system. 

Interestingly, the mast cell response was transferred 

successfully with enriched T. cells, but not with B. cell. 

Thus it is possible that either T. cells act independently 

or act as helper cells. However, the number of mast 

cells in mice given unseparated immune MLN'C, was higher 

than in thosegiven the T. cell-enriched population and 

it is possible that co-operation of both B and T cells is 

necessary for the full response. The experiments by 

Nawa and Miller (1979) also demonstrated that immuno- 

globulin negative cells (sIg ) from immune TDL were able 
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to transfer the mast cell response in N. brasiliensis 

infected rats. However, both Miller (1979) and Befus 

and Bienenstock (1979) have reported that immune serum 

can also transfer the mast cell response in rhts. The 

underlying mechanism for this is not known. Askenase 

(1980) has suggested that T. dependent antibodies 

(presumablye IgE) may be involved in this response, but 

it is possible that antigen-antibody complexes may have 

some influence. 

An attempt was made to determine whether cells 

other than MLNC (lymphoid cells) are involved in trans- 

ferring the mast cell response, or whether MLNC co-operate 

with bone marrow-derived components in transferring this 

response. Immune hMLNC or bone marrow cells were 

transferred to mice irradiated with 650 rads and it was 

found that transfer of immune MLNC alone, or together with 

bone marrow cells, was effective, but that bone marrow 

cells alone had no effect. Clearly MLNC alone had the 

capacity to restore a limited response. This may not 

mean that mast cells originate directly from lymphocytes, 

but may imply that donor 1,4LNC contain mast cell precursors. 

Production of such precursors, presumably from bone marrow, 

may therefore require a longer period of time than was 

provided in this experiment. 

In T. spiralis infected mice and in 

N. brasiliensis infected rats, substantial numbers of 

mast cells can be found in the mesenteric lymph nodes 

(personal observation; Keller, Cottier and Hess, 1974; 
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Befus, Johnston and Bienenstock, 1979). Befus and 

Bienenstock (1979) have suggested that it is unlikely 

that the mast cells which populate the mucosa after 

transfer of MLN cells, are derived by direct homing of 

mature cells, instead the origin of these cells is 

likely to be mastopoetic precursors present in the }ILN. 

Miller (1971) has also noted that intestinal mast cells 

differentiate and proliferate from mastoblast 

precursors. It is possible that immune MLNC are able 

to act as helper,. activator o. r precursor cells in 

regulating the intestinal mast cell response. In vitro. 

studies by Denburg, Befus and Bienenstock (1980) showed 

that mast cells differentiated in vitro from MLN 

suspensions of N. brasiliensis infected rats exposed to 

antigenic or mitogenic (PHA) stimuli and they suggested 

that the MLN of infected rats contain precursor cells 

which may be involved in the intestinal mastocytosis. 

The origin of mast cells is not known, but it 

is well documented that they are T cell dependent (see 

-- chapter. 3) and that T cells or their products, may 

positively influence the tissue accumulation or differen- 

tiation of mast cells. 

The relationship between T. cells and the 

__. -. -intestinal mast cell response in nematode infection has 

been studied in several laboratories. Recently it has 

been reported in mice, that 24 hours after injection of 
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radio-labelled T. lymphoblasts, the mucosa contains 

cells which carry the label and that some labelled 

cells also stain with Alcian blue (Guy-Grand, et al., 

1978). However, Askenase (1980) suggested that because 

T. cell markers were absent from these cells, it is not 

possible to prove directly that they were derived from 

T. blasts. To investigate the origin of mucosal mast 

cells and the involvement of T. cells in this response, 
a 

it should be possible to devise experiments in which 

cells from mice that have a chromosome marker (e. g. T6 

T6 CBA mice) are transferred into compatible irradiated 

mice. In this way, progeny of the cells could be 

recognised and their fate determined. 

A possible relationship between epithelial T. 

cells and mast cells has recently been suggested by 

Askenase (1980). He proposed that there are two 

populations of recirculating, gut-homing cells involved 

in this response, a radiosensitive mast cell precursor 

and a radio-resistant T. cell that induces differentiation 

of the precursor into mucosal mast cell when stimulated 

by nematode antigen in the intestinal environment. 

Whatever mechanisms are proposed for the differen- 

tiation of mast cells, if the immune expulsion of 

_T. spiralis is caused by T cell dependent inflammatory 

changes (Larsh and Race, 1975; Wakelin and Wilson, 1979a), 

it is possible that T cells may contribute to worm 
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expulsion by generating inflammatory changes in the 

intestinal mucosa and express this response through 

the mast cells or give a signal to bone-marrow 

components which in turn, participate in these 

environmental changes. 

a 
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CHAPTER 6 

MOUSE STRAIN VARIATION IN INTESTINAL 

MAST CELL RESPONSE TO PRIMARY 

INFECTION WITH T. SPIRALIS 

The results described in this chapter have been 

presented at the British Society for Parasitology 

and will be published in abstracted form in 

" Parasitology, 1981.11 
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INTRODUCTION 

In a variety of systems it'has been shown that 

genetically controlled factors operate to influence the 

host response to intestinal nematode parasites, (Wakelin, 

1978b). The mechanisms through which genetic control is 

exposed have rarely been determined, but it has been 

reported that when mice are genetically selected for 

high and low antibody production and infected with 

T. spiralis there are differences in antibody levels, 

macrophage activity and intestinal mast cell responses 

(Ruitenberg, Perrudet-Badoux,. Boussac-Aron and Elgersma, 

1980). Strain variation in anaphylactic antibody 

production (IgG1 and IgE) during infection with T. spiralis 

has been reported by Rivera. -Ortiz and Nussenzweig (1976) 

and strain differences have also been observed in 

lymphoblast localisation during a T. spiralis infection 

(Manson-Smith, Bruce, Rose and Parrott, 1979b). 

The role played by the major histocompatibility 

complex (14HC)-linked genes in controlling the response to 

parasite infection is not known, but Wassom, David and 

Gleich (1979 and 1980) have shown (in mice) that the 

level of resistance to infection with T. spiralis (as 

measured by the number of encysted larvae) is influenced 

by several genes mapping within the mouse MHC (H-2) 

complex. However, it is clear that genes mapping outside 

the H-2 complex (non H-2 genes) also contribute to this 
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resistance and in fact, Wakelin (1980a) has suggested 

that the major genetic control of time of worm 

expulsion is determined by such genes. It is known that 

the expulsion. of T. spiralis is associated with T cell- 

mediated inflammatory responses and it has been proposed 

that non H-2 genes control the generation of inflammatory 

changes whereas H-2 genes may control overall lymphocyte 

responsiveness to infection (Wakelin and Donachie, 1980). 

Thus the major difference between rapid responder (worm 

expulsion occurring within 2 weeks) and slow responder 

'(expulsion within 3 weeks) strains is a non H-2 linked, 

genetically determined ability to generate intestinal 

inflammatory responses to infection. 

A variety of components are involved in the 

inflammatory response to T. spiralis (see chapter 3), but 

attention has been focussed here on the role played by 

mast cells since they provide an easily quantifiable 

parameter and it has been shown that in T. spiralis 

infected NIH mice the rise of mast cells coincides with 

observable inflammation in the intestine (see chapter 3). 

It has also been demonstrated that with T. 
_spiralis and 

N. brasiliensis, an acceleration of the mast cell 

response can be achieved by the transfer of immune M LNC. 

or TDL (this thesis; Befus and Bienenstock, 1979; Nawa 

and Miller, 1979; Brown, Bruce, Manson-Smith and 

Parrott, 1981). 

The experiments described in this chapter were 
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designed to examine 1) the kinetics of the mucosal mast 

cell response in rapid responder (NIH, DBA1 and CBA) 

mice and slow responder (BLOC, B1O. BR, B10. D2 and 

C57BLf 10) mice; 2) the influence of H-2 or nOn 11-2 

genes on the generation and control of the intestinal 

mast cell response to T. spiralis infection; 3) the 

effect upon the mast cell response of transferring immune 

MLNC between and within rapid responder and slow 

responder mice and 4) the component (lymphoid or myeloid) 

through which genetic control of mastocytosis operates. 

4 
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MATERIALS AND METHODS 

Inbred strains of mice were obtained from 

Hacking and Churchill Ltd. or Olac 1976 Ltd. F1 hybrids 

(obtained by mating female BIOG with male NIH mice) and 

DBA1 mice as well as additional B10 and NTH mice were 

bred in the Wellcome Laboratories (Glasgow). 

The haplotype of the strains of mice used are 

given in the figures for each experiment. In the 

majority of experiments mice were used at approximately 

7-10 weeks. 

Methods used for the maintenance of T. spiralis, 

infection, worm recovery and histology have been 

described in the general materials and methods. 

Methods used for preparation and transfer of 

immune mesenteric lymph node cells (MLNC) and for 

irradiation of mice, have been described in chapter 5. 
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RESULTS 

1. The kinetics of the mucosal mast cell response 

in different strains of mice 

In the experiments described below, mice were 

infected with approximately 300 T. spiralis larvae and 

were killed on days. 8,12 and 16 after primary infection. 

Each group consisted of between 5-7 mice. A5 cm 

section of the small intestine was removed from three 

mice per group and examined for the mast cell response. 

The entire small intestine of the remaining mice in each 

group and the rest of the small intestine of the former 

mice were incubated for worm recoveries as described 

- previously. 

A. Kinetics of mast cells in H-2 identical 

strains of mice with different genetic 

backgrounds 

The strain of mice used were NIH, DBA1 and 

B1OG, all carrying the H- 2q haplotype. In terms of 

worm expulsion NIH and DBA1 mice are rapid responders 

and B1OG mice are slow responders (Wakelin, 1980a). 

The mean number (+S. D. ) of mast cells per 20 

Y. C. U. for each strain over the period of infection, is 

shown below and the overall pattern of the mast cell 

response is shown in Fig. 6.1. 
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Fig. 6.1 

Mean numbers of the mast cells 

per 20 V. C. U. in rapid responder 

(NIH and DBA1) and slow responder 

(B1OG) mice after infection with 

T. spiralis; 
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Mean number (+S. D. ) of mast cells per 

20 V. C. U. 

Days post infection 

8 12 16 

Strain Haplotype Mean S. D. Mean S. D. Mean S. D. 

B1OG q 140 50 625 86 662 98 

NIH q 905 102 867 70 845 80 

DBA1 q 704 76 792 104 not done 

The results show that B1OG mice had a lower 

mast cell response than NIH or DBAI mice on day 8 post 

infection, but the level of mast cells was similar to 

that of NIH and DBAI on days 12 and 16 post infection. 

Few mast cells were present in the intestinal mucosa of 

control uninfected mice of each strain and these values 

have been omitted from the figure. 

Worm recoveries indicated that worm loss in 

NIH and DBAI mice occurred between days 8 and 12 post 

infection. However, in B100 mice the majority of the 

worms were still present on day16 post infection. 

B. Kinetics of the mast cell response in 

strains of mice of identical genetic 

background (B10) which carry different 

H-2 haplotypes 

In this experiment similar numbers of mice 
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were used and group treatments were as above. The 

strains of mice used were C57BL/10, BlO. D2, B10-BR and 

CBA. With the exception of the CBA mice, all the mice 

are of the B10 background, but carry different H-2 

haplotypes (see below). In terms of worm expulsion, 

CBA mice are rapid responders and all of the B10 back- 

ground mice are slow responders (see Wakelin, 1980a). 

The mean number (+S. D. ) of mast cells per 

20 V. C. U. for each strain of mice over the period of 

infection is shown below and the overall pattern- of the 

mast cell response is shown in Fig. 6.2. 

. 
Mean number (+S. D. ) of mast cells per 

20 V. C. U. 

Days post infection 

8 12 16 

Strain Haplotype Mean -S. D. Mean S. D. Mean S. D. * 

C57BL/10 b 148 92 690 80 602 75 

B10. D2 d 118 . 85 542 130 623 82 

B10. BR k 75 50 155 43 285 47 

CBA k 176 '67 694 78 728 74 

All mice with the $10 background showed a low 

level mast cell response when examined on day 8 post 

infection, but the level had risen to that of rapid 
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Fig. 6.2 

Mean numbers of mast cells per 

20 V. C. U. in slow responder mice 

(C57/BL, BlO. D2, BlO. BR) of identical 

genetic background (B10) but carrying 

different H-2 haplotypes and also in 

CBA mice (rapid responder, H-2k) 

after infection with T. spiralis. 

11 
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responders mice (NIH and DBA1) by day 16 post infection. 

The levels of mast cells in B10. BR mice remained 

consistently lower than the other strains. The number 

of mast cells in CBA mice was considerably lower than 

comparable values in NIH or DBA1 on day 8 post infection, 

but was similar to that of C57BL/BlO and BlO. D2 mice on 

days 12 and 16 post infection (compare Fig. 6.1 and Fig. 

6.2). Few mast cells were present in the intestinal 

mucosa of control uninfected mice of each strain and the 

data have been omitted from the figure. 

Worm recoveries indicated that on day 16 post 

infection the majority of the worms were still present 

in the intestines of the B10 background mice, but in the 

CBA mice most of the worms were rejected between days 12 

and 16 post infection. 

C. Kinetics of the mast cell response to 

infection with T. spiralis in B1OG x 

NIH Fj hybrids 

To examine whether the mast cell response 

during a T. spiralis infection is genetically determined, 

F1 hybrids between B1OG and NIH mice were used (see 

materials and methods), Mice of each strain together 

. -.. -.. with Ft hybrids were killed and examined on days 8 and 

12 post infection. 

The mean number (+S. D. ) of mast cells per 
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20 V. C. U. for each group of mice is shown below; the 

overall pattern of the mast cell response is given in 

Fig. 6.3. 

Mean number (+S. D. ) of mast cell per 

20 V. C. U. 

Days post infection 

8 12 

Strain Mean S. D. Mean S. D. 

B1OG 115 42 652 67 

NIH 976 130 895 76 

F1 (B1OGxNIH) 585 115 948 83 

F1 hybrids showed considerably higher mast 

cell numbers than the B1OG mice, but the numbers were 

lower than in NIH mice on day 8 post infection. By day 

12 post infection, the level of mast cells in the F1 

hybrid mice was similar to that of the NIH mice and still 

higher than the BlOG mice. 

2. The effect of transferring immune B1OG or NIH 

MLNC upon the mast cell response in normal mice 

It has-been shown that immune MLNC from the 

rapid responding NIH mice are capable of accelerating 

worm expulsion from the slow responding BlOG mice (both 

carry H-2q haplotype). Expulsion, however, was slower 
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Fig. 6.3 

Mean numbers of mast cells per 

20 V. C. U. in B1OG mice (slow responders), 

NIH mice (rapid responders) and F1 

hybrids between B1OG and NIH after 

infection with T. spiralis. 

S" 
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in B1OG recipients of NIH cells'-than in homologous 

recipients (see Wakelin and Donachie, 1980). The 

following experiments were carried out to examine the 

effect upon the mast cell response of transferring 

immune MLNC between and within rapid responder and slow 

responder mice. 

The cells responsible. for accelerated worm 

expulsion in both B1OG and NIH mice are present in the 

MLN between days 4 and 8 post infection (Wakelin, 1977a; 

Wakelin and Donachie, 1980) and it is known that these 

cells are also capable of transferring an accelerated 

mast cell response in NIH mice at least. MLNC from 

uninfected donors have no effect upon either worm 

expulsion or the mast, cell response (see chapter 5). 

In these experiments, cells were taken from donors which 

had been infected with approximately 300 T. spiralis 

larvae for 6 days. 

a. B1OG recipient mice 

Nine B1OG mice were divided into three groups, 

each containing three mice (groups 1-3). Mice from 

group 1 received no cells; group 2 received 2x107 immune 

? 
cells from BlOG donors, while group 3 received 2xl0 

immune cells from NIH donors. 

b. NIH recipients 

Nine NIH mice were divided as above into three 

groups of three mice (groups 4-6). : Mice from group 4 
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received no cells; group 5 received 2x107 immune cells 

from NIH donors and group 6 received 2xl07 immune cells 

from B1OG donors. All the mice in groups 1-6 were 

infected on day of cell transfer (day 0) and were 

killed 6 days after infection. 

The mean number (+S. D. ) of mast cells for 

each group is shown below and the overall pattern of the 

mast cell response, is shown in Fig. 6.4. 

-Mean number (+S. D. ) of mast cells per 

20 V. C. U. 6 days after infection 

Group Recipients Donors Mean S. D. 

1 BlOG No cells 105 48 

2 B1OG B1OG cells 242 57 

3 B1OG NIH cells 260 40 

4 NIH no cells 286 32 

5 NIH NIH cells 544 61 

6 NIH B1OG cells 1042 96 

In control B1OG mice (group 1- no cells) the 

number of mast cells was lower than in comparable NIH mice 

(group 4- no cells). Immune cells from either BlOG or 

.. _. __, 
NIH donors resulted in an increase in the numbers of mast 

cells in BlOG recipient mice (groups 2 and 3 respectively), 

but in comparison with NIH mice given immune cells from 

NIH or BlOG mice the numbers of mast cells remained 
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Fig. 6.4 

Mean numbers of mast cellsper 20 

V. C. U. in normal recipients, B1OG or 'NIH 

mice received no cells, or immune MLNC 

from B1OG or NIH donor mice. All mice 

were killed on day 8 post infection. 

Immune MLNC given to mice on day 0 and 

mice were infected. 

Group Recipients Donors 

.1 B1OG no cells 

2 B1OG B1OG cells 

3 B10G NIH cells 

4 NI-H no cells 

5 NIH NIH cells 

6 NIH B10G cells 
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relatively low. In NIH mice the numbers of mast cells 

rose to high levels (groups 5 and 6 respectively), with 

the B1OG cells, in fact, being more effective than the 

NIH cells (compare groups 5 and 6). 

3. The effect of transferring immune BlOG and NIH 

MLNC on the mast cell response in irradiated mice 

31 To distinguish between the possibilities that 

the mast cell response in recipients was induced by the 

cells transferred or arose by direct transformation of 

these cells, cell transfers were carried out using 

irradiated recipients. Irradiation (400 rad) is known 

to ablate the intestinal mast cell response to infection 

and the transfer of homologous immune cells can partially 

restore the mast cell response in irradiated NIH mice 

(see chapter 5). 

Here again adoptive transfer of immune cells 

was reciprocal between rapid and slow responding strains 

of mice. The experimental design was similar to that of 

the above experiment, but recipients (NIH or BlOG mice) 

were irradiated (400 rad) on day -1 and received immune 

cells and infection on day 0. Mice were killed and the 

mast cell response examined on day 8 post infection. 

The mean number (+S. D. ) of mast cells per 

20 V. C. U. for each group is shown below and the overall 
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pattern of the mast cell response is shown in Fig. 6.5. 

Mean number (+S. D. ) of mast cellsper 20 

V. C. U. in irradiated recipient mice- 8 

days after infection 

Group Recipients Donors Mean S. D. 

1 B'1OG No cells 6 3 

2 BI OG B 1OG cells 72 25 

3 B1OG NIH cells 66 18 

4 NIH No cells 5 2 

5 NIH NIH cells 218 30 

6 NIH B1OG cells 321 27 

Mast cells were almost completely absent in the 

irradiated control B1OG and NIH mice. There was, however, 

an increase in the mast cell response in BlOG mice given 

BlOG or NIH immune cells (groups 2 and 3 respectively), 

although, as expected in irradiated mice, the number of 

cells was much lower than would be expected in normal 

mice. Immune cells from NIH and BlOG mice also gave 

rise to an enhanced mast cell response in NIH recipient 

mice (groups 5 and 6) and the number of mast cells was 

higher in these mice than in BlOG recipients (groups 5 

.... __and 
6. as compared with groups 2 and 3). As before the 

mast cell response was greatest in NIH mice which 

received BlOG cells (group 6). 
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Fig. 6.5 

Mean numbers of mast cells per 20 

V. C. U. in irradiated (400 rad) ß10G or NIH 

mice which received no cells or immune 

MLNC from BlOG or NIH donor mice. All the 

mice were killed on day 8 post infection. 

Immune MLNC were given to mice irradiated on 
} 

day -1 and infected on the day of cell 

transfer (day 0). 

Group Recipients Donors 

1Bl OG No cells 

2 BlOG ß10G cells 

3 B10G NIH cells 

4 NIH no cells 

5 NIH NIH cells 

6 NIH BlOG cells 
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4. The effect on worm expulsion of transferring 

immune MLNC from NIH and B10G mice into NIH 

or B1OG recipients 

The ability of immune MLNC to transfer immunity 

was determined using additional groups of mice given 

either NIH or BIOG immune cells. 

Fifteen NIH mice were divided into three groups 

of five mice each (groups 1-3). Mice from group 1 

received no cells; group 2 received 2x107 NIH cells; 

and group 3 received 2xl07 B1OG cells. All the mice 

were infected on the day of cell transfer'(day 0) and 

were killed on day 8 post infection. 

The mean number of worms recovered is shown in 

Table 6.1. " The number of worms in the cell recipient 

groups (i. e. 2 and 3) was significantly lower than in 

control mice (group 1 no cells), indicating that immune 

cells from either NIH or B1OG were able to transfer 

immunity in NIH recipient mice. It can be also noted 

that B1OG cells appear to be more effective than NIH cells. 

A similar experimental design was used with 

B1OG recipient mice which were given either NIH or 1i1OG 

" immune cells. Here, however some of the mice died during 

the process of transferring cells leaving insufficient 

numbers for the data to be included. However, three mice 

which were killed on day 12 post infection, showed that in 

B1OG recipient mice given NIH cells worm loss had occurred 

by day 12 post infection. 
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Table 6.1 

The effect on worm expulsion of transferring 

immune MLNC from NIH or B10G mice into NIH 

recipients 

Worm recoveries 

on day 8 p. i. 

Group Recipients Donors Mean S. D. 

1 NIH no cells 174.8 24.3 

2 NIH NIH 73.6* 15.4 

3 NIH B1OG 37.59' 21.7 

Mean significantly lower than control 

p <0.05 

i 
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DISCUSSION 

It has been shown that the difference between 

ik 

rapidly and slowly responding strains of mice in their 

ability of expel a T. spiralis infection is under genetic 

control, with the rapid response being inherited as a 

dominant characteristic (Vlakelin, 1980b). It is known 

that both immunological and inflammatory components are 

involved in the expulsion of T. spiralis from mice. 

Differences intime of worm expulsion between'rapid 

responder and slow responder mice could therefore arise 

as a result of genetic influences in either of these 

components of expulsion. Further investigation by 

Wakelin and Donachie (1980) has shown that both the time 

course of expulsion and the generation of the inflammatory 

response are linked to the genetic background rather than 

to the H-2 type. i. e. are non H-2 controlled. The 

inflammatory components involved are not known, but it 

has been suggested that mast cells participate in this 

response (Askenase, 1977). Attention, therefore, was 

focussed on the role of H-2 and non 11-2 genes in the 

generation of the mast cell response in rapid and slow 

responder mice. 

When a number of strains of mice carrying H-2ýý 

haplotype but different genetic backgrounds were examined 

B1OG mice (slow responders) showed a delay in'the 

generation of the mast cell response as assessed at day 8 
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post infection, when compared with NIH and DBA, mice 

(rapid responder mice). However, the numbers of mast 

cells were similar in all three strains of mice by days 

12 and 16 post infection. The results obtained from the 

congenic strains of mice, which share the same slow- 

responder background genes (B10) but differ in H-2 

haplotypes, showed that the mast cell response was low 

on day 8 post infection, but similar to rapid responders 

when assessed on days 12 or 16 post infection. One 

congenic strain, BlO. BR mice (H-2k), showed even lower 

mast cell numbers during the period of examination than 

the other strains of B10 mice. This greater delay of 

the mast cell response is not linked with the H-2k 

haplotype because the mast cell response in CBA mice, 

which also carries the H-2k haplotype, w as similar to that 

of the other B10 background mice, i. e. a delay in the 

generation of mast cell response as assessed at day 8 

post infection, but a subsequent rise after this time. 

The results presented here show that the strain 

characteristics of the mast cell response are genetically 

determined, and that non H-2 genes may control the 

generation of the mast cell response in the early phase 

of infection. 

In NIH and DBA1 mice (rapid responders) it was 

noted that worm rejection occurred between days 8 and 12 

post infection, but in all B10 background mice (slow 

responders) the majority of the worms were still present 
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on day 16 post infection, confirming the result of 

Wakelin (1980a). 

F1 hybrids between B1OG and NIH mice showed an 

intermediate pattern of the mast cell response, which 

resembled that of NIH mice (rapid responders) suggesting 

the response is inherited as a dominant characteristic 

(although it appears with less than complete penetrance). 

Wakelin (1980a) also noted that the pattern of worm I. 

rejection in F1 hybrids between B1OG and NIH mice was 

similar to that of NIH mice. 

The effect upon the mast cell response of 

adoptive transfer of immune MIýTC between and within rapid 

and slow responder strains of mice showed some interesting 

results which can be summarised as follows: 

1. Immune lymphocytes from rapid responder (NIH 

mice) enhanced the mast cell response in normal 

. 
or irradiated NIH mice, but had only a small 

effect on the'number of mast cells in B1OG mice. 

2. Immune lymphocytes from BlOG mice gave rise to 

an enhanced mast cell response in normal and 

irradiated NIH mice, but had less effect in 

B10G mice. 

It is clear that enhanced acceleration of the 

mast cell response is independent of the strain of donor 

from which the immunocompetent cells were obtained, as 
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both NIH and B1OG cells were able to cause mastocytosis 

in recipi. ent mice of the homologous and heterologous 

strains. The generation of the)mast cell response' 

appear to be influenced more by the identity Of the 

recipient than by the origin of the cells, thus when 

B1OG recipient mice were given NIH or B1OG cells the 

level of mast cells was always lower than in NIH mice 

given either ß10G or NIH cells. 

It is possible that the delayed mast cell 

response in slow responder mice may be due to some 

positive suppression, but at present. this, cannot be 

differentiated from a slow generation of the non- 

lymphoid components of the response. Certainly slow 

--responders appear to develop the lymphoid component as 

rapidly as do rapid responders. 

The results showed that accelerated worm 

expulsion occurred in NIIH recipients of either NIH or 

B1OG cells. Wakelin and Donachie (1980) have also 

demonstrated that immune : v! LNC from slow responder mice 

(B1OG) transferred immunity to rapid responders as 

effectively as did homologous cells. Therefore, if 

expulsion of T. spiralis is associated with a T-dependent 

inflammatory response which is controlled by non H-2 

genes, th e results suggest strongly that there is a close 

correlation between this response and intestinal masto- 

cytosis, although, at present it is not possible to 

identify the nature of this correlation. 
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In general it appears that B1OG non-H-2 genes 

regulate intestinal mastocytosis at a slower rate and at 

a lower level; NIFI non H-2 genes regulate a faster 

response. The interaction between nonlymphoid and 

lymphoid components which causesthe expression of such 

diversity can, at present, be only a matter for 

speculation. 

It could be that there are some inherent 

properties of the myeloid precursors which regulate their 

response to lymphocyte signals. Alternatively, the 

recipients could well be capable of suppressing or 

depressing lymphocyte function or affecting mast cell 

replication by a negative feedback mechanism. 
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GENERAL DISCUSSION 

In preliminary studies the response character- 

istics of NIH mice and Wistar rats to infection with 

Trichinella spiralis have been defined. Primary infec- 

tions in both hosts were expelled towards the end of the 

second week of infection. 

The mechanisms which underlie the immune 

expulsion of T. spiralis from mice and rats are contro- 

versial. The available evidence suggests that the 

immediate cause of worm expulsion from mice is associated 

with inflammatory changes in the intestine (Larsh and Race, 

1975; Wakelin, 1978a) although there is some evidence 

that in rats a direct effect of IgA antibody may play an 

important role (Despommier et al., 1977). 

The immunity engendered by a primary infection 

is biphasic in expression against a challenge infection, 

consisting of a rapid expulsion response which eliminates 

the majority of the parasites and a later slow response 

which completes expulsion. Early or rapid expulsion 

appears to, operate as a major protective response against 

T. spiralis in rats in that more than 900 of a challenge 

infection is rejected within a short period of time. 

. -".... _. _Rapid expulsion also occurs in mice, but it does not seem 

to form a major lasting component of immunity to 

challenge infection. 
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The induction and expression of rapid expulsion 

in mice has been examined and compared with the response 

operative in rats. 

In chapter 1 the basic parameters of the 

induction and expression of-rapid expulsion were defined., 

The stage specificity of the induction and expression of 

rapid expulsion was examined in chapter 2. As has been 

discussed in chapters 1 and 2, the rapidity of the 

response was postulated to result from the inflammatory 

changes induced by the primary infection. The third 

chapter of the thesis therefore deals mainly with attempts 

to monitor the inflammatory changes in the intestine by 

histological examination of mast cell and goblet cell 

numbers during infection, as well as the onset and 

persistence and possible involvement of those cells in 

the rapid expulsion response. 

Due to the complexity of the experimental 

results involved, a summary of the major findings of 

these three chapters is presented as a comparison of the 

rapid expulsion response between mice and rats (see 

table below). 
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Comparison of rapid expulsion of T. spiralis in 

NIH mice and Wistar rats 

Parameters Mice Rats 

1. Effectiveness 

2.. Persistence 

3. Size of primary 
infection 

4. Priming with 
irradiated larvae 

5. Minimum duration of 
primary infection 
for priming 

6. Size of challenge 
infect ion 

7. Number of drug 
abbreviated infections 
necessary to induce 
rapid expulsion 

More than 90% More than 90% 

After a single After a single 
complete infection complete infection 
expressed until expressed at least 
day 16 p. i. for 7 weeks 

Required large Required small 
numbers of larvae numbers of larvae 

Did not induce 
rapid expulsion 

9 days 

Induced rapid 
expulsion 

Less than a 
week 

Effective against 
both large and 
small challenge 
infections 

More than two 

8. Persistance of rapid Expressed at 
expulsion induced by least for 5 
repeated drug weeks 
abbreviated infections 

9. Stage specificity 

10. Cellular response 

Expressed against 
both larvae and 
adult 

(Effect ive against 
both large and 
snail challenge 
infections; 

Bell and McGregor, 
1979a) 

One 

Expressed at 
least for 9 
weeks 

(Not expressed 
against adult, 
Bel 1 and ML-Gregor, 
1979b) 

Increased levels Increased levels 
of both mast cells both mast cells 
and goblet cells and goblet cells 
after primary after primary 
infection infection 

11, Persistence of 
cellular response 

Declined quickly Remained above 
control levels 
for a prolonged 
period 
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The most prominent observable cellular response was the 

increase in numbers of mast cells in the intestinal mucosa. 

In a primary infection the increase in the mast cell 

numbers coincided with inflammatory changes in the 

intestine and subsequent worm expulsion. 

The use of drug abbreviated infections showed 

that: 

1) The onset and persiste. nce of the mast cell response 

is dependent on the duration of infection. 

2) Repeated infections (3 days duration) result in an 

increase in the number of mast cells. 

3) The mast cell response was amplified in terms of 

rapidity of onset and magnitude after a challenge 

infection in immune mice (which suggests a "memory" 

for the mast cell response). 

If the rapid expulsion of a challenge infection results from 

environmental changes in the intestine induced by 

inflammation, then mast cells or their products may be 

involved in the inflammatory response itself (Askenase, 

1977) or may amplify the effect of this response by 

influencing the release of mucus from goblet cells. It 

would be useful to devise a technique to study the 

phenomenon of mucus trapping of T. spiralis in mice, as 

it has been shown that this mechanism is involved in the 

rapid expulsion response in rats. 

The presence of mast cells and perhaps reaginic 

antibodies raises the possibility that challenge larvae 
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may provoke a reaction on entry-into the intestine and 

this could be an important element in the mechanism of 

rapid expulsion. Such a reaction might well lead to 

increases in local concentrations of factors such as 

peroxidases and amines (which have been suggested to 

have a role in the inflammatory response to, and primary 

expulsion of, some parasites) and these may be involved 

in the rapid expulsion response. 

The results from-chapter 4 imply that the rapid 

expulsion response in mice was specific to a T. spiralis 

challenge infection after a T. spiralis primary infection. 

Priming provided by N. dubius or by N. brasiliensis failed 

to induce rapid expulsion. Thus, if rapid expulsion is 

dependent on inflammatory or other changes in the local 

intestinal environment, these changes are quite different 

from those produced by unrelated parasites and are 

specific to T. spiralis infection. The differences 

between mice and rats in terms of the specificity of the 

response and the involvement of specific and non-specific 

factors (Bell and McGregor, 1980a, b) in rapid expulsion 

may be due to the involvement of different mechanisms. 

Attempts were made to induce rapid expulsion by providing 

non-specific intestinal stimulation with N. dubius and 

parenteral immunization with larval antigen, but these 

failed to induce rapid expulsion in mice. As it has been 

suggested in chapter 4, this failure may be due to 

immunosuppression induced by N. dubius in the mice (which 
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would not be observed in rats) o-r may possibly arise from 

the experimental protocol and method of immunization with 

larval antigen employed. Further studies along these 

lines should include this method of immunization, but 

with another nematode parasite for intestinal stimulation. 

The use of the "washing out" technique had the 

advantage of differentiating between worms loose in the 

lumen (and capable of being washed out) and worms which 

were somehow more closely associated with the mucosal 

tissue ( and therefore not susceptible to washing out). 

The results indicated that the majority of the parasites 

failed to establish in the intestine of immune mice at the 

time when the mice are capable of a rapid expulsion 

response. This may suggest that even a minimum of 

inflammation is unsuitable for parasite establishment. 

Challenge infections. had no influence on 

injected MLN lymphoblast homing in immune mice, but blast 

cell activity was quite high in immune mice 1 day after 

challenge. Although there is variation in the data from 

this experiment, the results warrant closer examination 

and confirmation since, if there is an increase in blast 

cell activity during rapid expulsion, this may indicate 

that an active immune mechanism is involved in the 

response. 

The rapid expulsion of repeated challenge 

infections indicates that under these conditions the 
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factors necessary for rapid expulsion can be persistent. 

The effects of immunosuppressive drugs on the rapid 

expulsion response highlight the importance of cellular 

components. 

The most important findings in the second part 

of chapter 5 are summarised as follows: 

1) Immune MLNC transferred immunity (in terms of worm 

expulsion) to unirradiated and irradiated (400 rad) 

recipient mice. 

2) The mast cell response could be transferred with 

immune MLNC to irradiated and unirradiated mice and 

an enriched T cell but not B cell fraction of the 

immune MLN cells also transferred this response. 

It is possible that immune MLNC, particularly T 

cells, are able to act as helpers, activators or 

precursor cells-in regulating the intestinal mast 

cell response. 

3) Control MLNC were not effective in transferring a 

mast cell response to either irradiated or 

unirradiated mice. 

4) The mast cells or precursors of mast cells are 

radio-sensitive and antigenic stimulation is 

necessary for differentiation of mast cells. 

5) Bone marrow cells alone were not effective in 

transferring the mast cell response to irradiated 

(650 rad) mice. 
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6) Rapid expulsion was ablated by irradiation (400 rad) 

but could be restored by the transfer of immune, but 

not control, MLNC. 

It appears'that there is relationship between 

the transfer of immune MLNC, the mast cell response and, 

subsequent rapid expulsion of challenge infection. It 

was concluded at the end of chapter 5 that if "primary 

type" expulsion and "rapid expulsion" are associated with 

T cell dependent inflammatory changes in the intestine, 

the major expression of this response could be through 

the mast cells. If this is so, it would be interesting 

to investigate the nature of these cells especially their 

morphology, degranulation, IgE. binding capacity, origin, 

histochemical characteristics and the mechanisms which 

control differentiation and proliferation. 

The studies of the mast cell response to 

infection with T. spiralis in slow and rapid responder 

mice showed interesting results. The strain character- 

istics of mast cell responses appear to be genetically 

determined and non-H-2 genes may control the generation 

of mast cell responses in the early phase of infection. 

It is possible that the delayed mast cell response in 

slow responder mice may be due to a positive suppression 

__or to slow generation of either the lymphocyte or bone 

marrow components.. 

It is known that a variety of specific and 

non-specific factors are involved in resistance to 



282 

T. spiralis. In an attempt to clarify a response of 

such enormous complexity a diagrammatic summary is 

provided to relate the numerous components which combine 

to expel T. spiralis from its host (p. 283 ). 
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Fig. D. 1 

A Antigen 

B B cell 

EFC-A Eosinophil chemotactic 

factor-A 

EOS Dösinophils 

MAC Macrophages 

MONO Monocytes 

PG Prostaglandins 

PMN Polymorphonuclear leukocyte's 

SRS-A Slow-reacting substance-A 

Th T helper cell 

T T regulatory cell r 



0 
0 
0 J 

COMPLEMENT 

Tr SYSTEM 
PMN Th. 

% 
i 

% 

IgE 
JgG"'"' 

W PMN EOS PG 
m 

Aop 
CF 

1,4 

1O 

' 

+0 
S e+0 

9s 

u 

Q0 ýý, ETý 
ý 

GT C 

I mucus 

MEDIATORS, 
Af 

zý 
W2 
?; W Oy 

t1>iA <arv 
y=hN < 
K1y tC = 

in SmW 

MUCOSAL INFLAMMATION 

PERISTALSIS 

PERMEABILITY 

PH 

PHYSICO-CHEMICAL CHANGES 

VILLUS ATROPHY 

CRYPT HYPERPLASIA 

CHANGES IN 
BRUSH BORDER 
ENZYMES 

MONO 

/fig 

iý 

4 

NET FLUID MEMBRANE 
FLUX CHANGES LECTIN BINDING 

CAPACITY 



284 

REFERENCES 

ALI-KHAN, Z. (1966). The postembryonic development of 
Trichinella spiralis with special reference to 

ecdysis. Journal of Parasitology 52: 248-259. 

ALIZADEH, H. & VWAKELIN, D. (1980). Rapid expulsion of 
Trichinella spiralis in mice. Parasitology 81; 

XXIX. 

ALIZADEH, H. & WAKELIN, D. (1981a). Mechanism of rapid 

expulsion of Trichinella spiralis from mice. In 

Trichinellosis (Ed. by Kim, C. W. and Ruitenberg, 

E. J. ) pp. 81-84. Reed Books Ltd., Surrey, England. 

ALIZADEH, H. & WAKELIN, D. (1981b). Mouse strain 

variation in intestinal mastocytosis and response to 

primary and secondary infection with Trichinella 

spiralis. Parasitology (in Press). 

ALIZADEH, H. & WAKELIN, D. (1981c). Comparison of rapid 

expulsion of Trichinella spiralis in mice and rats. 
International Journal for Parasitology (In Press). 

ALPHEY, T. J. 17. (1970). Studies on the distribution and 

site location of Nippostrongylus brasiliensis within 

the small intestine of laboratory rats. Parasitology 

61: 449-460. 

ANDERSON, R. E. & WARNER, N. L. (1976). Ionizing radiation 

and the immune response. Advances in Immunology 24: 

215-335. 

ANDREASSEN, J., HI NDSBO , 0. & RU I TENTF3EI ,E. J. (1978). 

Hymenolepis diminuta infections in congenitally 

athymic (nude) mice: worm kinetics and intestinal 

histopathology. Immunology 34: 105-113. 



285 

ASKENASE, P. W. (1977). The role of basophils, mast 

cells and vasoamines in hypersensitivity reactions 

with a delayed time course. Progress in Allergy 

23: 199-320. 

ASKENASE, P. W. (1980). Immunopathology of parasitic 
diseases: involvement of basophils and mast cells. 
Springer Seminars in Immunopathology 2: 417-442. 

BARTH, E. E. E., JARRETT, W. F. H. & URQUHART, G. M. (1966). 

Studies on the mechanism of the self-cure reaction 
in rats infected with Nippostrongylus brasiliensis. 

Immunology 10: 459-464. 

BASTEN, A. & BEESON, P. B. (1970). Mechanism of 

eosinophilia: II. Role of the lymphocyte. 

Journal of Experimental Medicine 131: 1288-1305. 

-BASTEN, A., BOYER, M. H. & BEESON, P. B. (1970). 

Mechanism of eosinophilia: I. Factors affecting 
the eosinophil response of rats to Trichinella 

spiralis. Journal of Experimental Medicine 131: 

1271-1287. 

BEFUS, A. D. & BIENENSTOCK, J. (1979). Immunologically 

mediated intestinal mastocytosis in Nippostrongylus 

brasiliensis - infected rats. Immunology 38: 

95-101. 

BEFUS, A. D., PEARCE, F. L., GAULDIE, J., HORSEWOOD, P., 

GOODACRE, R. L., COLE., F., HEATLEY, R. V. & BIENENSTOCK, J. 

(1979a). Isolation and characteristics of mast cells 
from the lamina propria of the small bowel. In 

The Mast Cell: Its Role in Health and Disease. (Ed. 

by Pepys, J. and Edwards, A. M. ) pp. 702-709. 

Pitman Medical Publishing Co. Ltd. 

A 



286 

BEFUS, A. D., JOHNSTON, N. & BIENENSTOCK, J. (1979b). 

Nippostrongylus brasiliensis: Mast cells and histamine 

levels in tissues of infected and normal rats. 

Experimental Parasitology 48: 1-8. 

BEHNICE, J. M., BLAND, P. W. & 1YAKELIN, D. (1977). Effect 

of the expulsion phase of Trichinella spiralis on 
Hymenolepis diminuta infection in mice. 
Parasitology 75: 79-88. 

BEHNKE, J. M., WAKELIN, D. & WILSON, M. (1978). Trichinella 

spiralis: Delayed rejection in mice concurrently 
infected with Nematospiroides dubius. Experimental 

Parasitology 46: 121-130. 

BELL, R. G. & McGREGOR, D. D. (1979a). Trichinella 

spiralis: The expression of rapid expulsion in rats 
to an abbreviated enteral infection. Experimental 

Parasitology 48: 42-50. 

BELL, R. G. & McGRFEOR, D. D. (1979b) 
. Trichinella 

spiralis: The role of different phases of the life 

cycle in induction, maintenance and expression of 

rapid expulsion in rats. Experimental Parasitology 

48: 51-60. 

BELL, R. G. & McGREGOR, D. D. (1980a). Requirement for 

two discrete stimuli for induction of the intestinal 

rapid expulsion response against Trichinella spiralis 
in rats. Infection and Immunity 29: 189-193. 

BELL, R. G. & McGREGOR, D. D. (1980b). Rapid expulsion of 
Trichinella spiralis: Coinduction by using antigenic 

extracts of larvae and intestinal stimulation with an 

unrelated parasite. Infection and Immunity 29: 

194-199. 



287 

BELL, R. G. & McGREGOR, D. D. (1980c). Variation in anti- 
Trichinella responsiveness in inbred mouse strains. 
In Genetic control of natural resistance to 

infection and malignancy . 
(Ed. by Skamene, E., 

Kingshavn, P. A. L. and Landy, M. pp, 67-73 Academic 

Press Inc., New York. 

BELL, R. G. , McGREGOR, D. D. & DESPOMMIER, D. D. (1979). 

Trichinella spiralis: Mediation of the intestinal 

component of protective immunity in the rat by 

multiple, phase-specific, antiparasitic responses. 
Experimental Parasitology 47: 140-14?. 

BIENENSTOCK, J. & BEFUS, A. D. (1980). Review. Mucosal 

immunology. Immunology 41: 249-270. 

BRATEN, T. & HOPKINS, C. A. (1969). The migration of 
Hymenolepis diminuta in the rat's intestine during 

normal development and following surgical 
transplantation. Parasitology 59: 891-905. 

BROYN, P. J., BRUCE, R. G., MANSON-SMITH, D. F. & PARROTT, 

D. M. V. (1981). Intestinal mast cell response in 

thymectomised and normal mice infected with 
Trichinella spiralis. Veterinary Immunology and 
Immunopathology. 2: 189-198. 

BULLICK, G. R., FRIZZELL, R. A. & CASTRO, G. A. (1981). 

Change in epithelial transport with rapid immune 

rejection of Trichinella spiralis. Proceedings of 

the 56th Annual Meeting of the American Society of 
Parasitologists, page 30. 

BUTTERWORTH, A. E. (1980). Eosinophils and immunity to 

parasites. Transactions of The Royal Society of 
Tropical Medicine and Hygiene 74: 38-43. 



288 

CAMPBELL, W. C. (1967). Distribution of Trichinella 

spiralis in the small intestine of young mice. 
Journal of Parasitology 53: 395-397. 

CAMPBELL, W. C. (1979). History of Trichinosis: Paget, 

Owen and the discovery of Trichinella spiralis. 
Bulletin of the History of Medicine 53: 520-552. 

CAMPBELL, W. C., HARTMAN, R. K. & CUCKLER, A. C. (1963a). 

Induction of immunity to Trichinosis in mice by 

means of chemically abbreviated infections. 

Experimental Parasitology 14: 29-36. 

CARPPBELL, W. C., HHARTA1AN, R. K. & CUCKLER, A. C.. (1963b). 

Effect of certain antihistamine and antiserotonin 

agents upon experimental Trichinosis in mice. 
Experimental Parasitology: 14: 23-28. 

CASTRO, G. A. (1976). Spatial and temporal integration of 
host responses to intestinal stages of Trichinella 

spiralis: retro and prospective views. In 

Biochemistry of Parasites and Host-Parasite 

Relationships (Ed. by Van Den Bossche, H. ) pp, 343-358. 

Elsevier, North Holland Biomedical Press, Amsterdam. 

CASTRO, G. A., OLSON, L. J. & BAKER, R. D. (1967). Glucose 

malabsorption and intestinal histopathology in 

Trichinella spiralis-infected guinea pigs. Journal 

of Parasitology 53: 595-612. 

CASTRO,. G. A., ROY, S. A. & SCHANBACHER,, L. M. (1974). 

Lethality of disrupted intestinal lamina propria cells 
for Trichinella spiralis in vitro. Journal of 
Parasitology 61: 1053-1060. 

CASTRO, G. A., HESSEL, J. J. & WHALEN, G. (1979). Altered 

intestinal fluid movement in response to Trichinella 

spiralis in immunized rats. Parasite Immunology 1: 

259-266. 



289 

CHRISTIE, P. R., WAKELIN, D. & WILSON, M. M. (1979). 

The effect of the expulsion phase of Trichinella 

spiralis on Hymenolepis diminuta infection in rats. 
Parasitology 78: 323-330. 

COKER, C. M. (1956). Cellular factors in acquired 
immunity to Trichinella spiralis, as indicated by 

cortisone treatment of mice. Journal of Infectious 

Diseases 98: 187-197. 

CRANDALL, R. B. & CRANDALL, C. A. (1972). Trichinella 

spiralis: Immunologic response to infection in 

mice. Experimental Parasitology 31: 378-398. 

CRUZ, E. D., DESPOMMIER, D. D. & McGRDSOR, D. D. (1977). 

Immunity to Trichinella spiralis. 1. Transfer of 

resistance by two classes of lymphocytes. 

Immunoloi y 37: 787-795. 

DENBURG, J. A., BEFUS, A. D. & BIENENSTOCK, J. (1980). 

Growth and differentiation in vitro of mast cells 
from mesenteric lymph nodes of Nippostrongylus 

brasiliensis-infected rats. Immunology 41: 195-202. 

DENHAM, D. A. (1966a). Immunity to Trichinella spiralis. ' 

I. The immunity produced by mice to the first four 

days of the intestinal phase of the infection. 

Parasitology 56: 323--327. 

DEMIAM, D. A. (1966b). Immunity to Trichinella spiralis 
II. Immunity produced by the adult worm in mice. 
Parasitology 56: 745-751. 

DENHMA, D. A. (1968). Immunity to Trichinella spiralis 
III. The longevity of the intestinal phase of the 

infection in mice. Journal of HelmintholoSy 42: 

257-268. 



290 

DESPDMMIER, D. D. (1974). The stichocyte of Trichinella 

spiralis during morphogenesis in the small intestine 

of the rat. In Trichinellosis: (Ed. by Kim, C. W. ) 

pp. 239-254. Intext Educational Publishers, New York. 

DESPO! NM4IER, D. D. (1977). Immunity to Trichinella spiral is. 

The American Journal of Tropical Medicine and Hygiene. 
6: 68-75. 

DESPOMIMIER, D. D. , bicGREGOR, D. D., CRUM, E. D. & 

CARTER, P. B. (1977). Immunity to Trichinella spiralis II. 

Expression of immunity against adult worms. 
Immunology 33: 797-805. 

DESPOMMIER, D. D., SUKHDEO, M. & MEEROVITCH, E. (1978). 

Trichinella spiralis: site selection by the larva 

during the enteral phase of infection in mice. 
Experimental Parasitology 44: 209-215. 

DINEEN, J. K. & KELLY, J. D. (1973). Expulsion of 
Nippostrongylus brasiliensis from the intestine of 

rats: The role of a cellular component derived from 

bone marrow. International Archives of Allergy and ADplicc 

Immunology 45: 759-766. 

DINEEN, T. K. & KELLY, J. D. (1976). Levels of 

prostaglandins in the small intestine of rats 
during primary and secondary infection with 
Nippostrongylus brasiliensis. International 

Archives of Allergy and Applied Immunology 51: 429-440. 

DINEEN, J. K. & WYAGLAND, B. M. (1966). The cellular 
transfer of immunity to Trichostrongylus colubriformis 
in an isogenic strain of guinea pig. II. The 

relative susceptibility of the larval and adult 

stages of the parasite to immunological attack. 
Immunology 11: 47-57. 



291 

t 

DINEEN, J. K., OGILVIE, B. M. & KELLY, J. D. (1973). 

Expulsion of Nippostrongylus brasiliensis from the 

intestine of rats. Collaboration between humoral 

and cellular components of the immune response. 
Immunology 24: 467-475. 

DIN'EEN, J. K., KELLY, J. D., GOODRICH, B. S. & SMITH, I. D. (1974). 

Expulsion of Nippostrongylus brasilierisis from the 

small intestine of the rat by prostaglandin-like 
factors from ram semen. International Archives of 
Allergy and Applied Immunology 46: 360-374. 

DIXON, J. S. S. (1960). The fate of bacteria in the small 
intestine. Journal of Pathology and Bacteriology 

79: 131-140. 

DUCKETT, M. G., DENHAM, D. A. & NELSON, G. S. (1972). 

Immunity to Trichinella spiralis V. Transfer of 

-immunity against the intestinal phase from mother to 

baby mice. Journal of Parasitology 58: 550-554. 

DUTOIT, E., TRONCHIN, G., VERNES, A. & BIGUET, J. (1979). 

The influence, of prostaglandins and vasoactive amines 

on the intestinal phase of experimental trichinellosis 

in CBA mice and Wistar rats. Annalen de Parasitolo¢ie 

54: 465-474. 

EN'ERBACK, L. (1966a). Mast cells in rat gastrointestinal 

mucosa 2. Dye-binding and metachromatic properties. 

Acta PatholoRica et Microbiolo ica Scandinavica 66: 

303-312. 

ENERBACK, L. (1966b). Mast cells in rat gastrointestinal 

rnucosa ;. Effects of fixation. Acta Pathologica et 
Microbiolocica Sc. andinavica 66: 289-302. 

ENERBACK, L. (1966c). Mast cells in rat gastrointestinal 

mucosa 3. Reactivity towards compound 48/80. Acta 

Patholocica et Microbiolojica Scandinavica 66: 

313-322. 



29" 

FATTTNMBI, O. O. (1978). Studies on some aspects of the 
development of Trichinella spiralis in mice. M. Sc. 

Thesis, University of Glasgow. 

FAUBERT, G. & TANNER, C. E. (1971). Trichinella spiralis: 
inhibition of sheep hemagglutinins in mice. 
Experimental Parasitology 30: 120-123. 

FERGUSON, A. & JARRETT, E. E. E. (1975). Hypersensitivity 

reactions in the small intestine I. Thymus dependence 

of experimental 'partial villous atrophy'. 
Gut 16: 114-117. 

FERGUSON, A. & MILLER, H. R. P. (1979). Role, of the mast 

cell in the defence against gut parasites. In 

The Mast Cell, its Role in Health and Disease. (Ed. 

by Pepys, J. and Edwards,, A. M. ) pp. 159-165. 

Pitman Medical Publishing Co. Ltd. 

FLOREY, H. (1955). "Mucin and the protection of the body". 

Proceedings of the Royal Society of London B, 143: 

147-158. 

FRICK, L. P. & ACKERT J. E. (1948). Further studies on 
duodenal mucus as a factor in age resistance of 

chickens to parasitism. Journal of Parasitology 34: 

192-206. 

GABRIEL, B. W. & JUSTUS, D. E. (1979). Quantitation of 
immediate and delayed hypersensitivity responses in 

Trichinella infected mice. Correlation with worm 

expulsion. International Archives of Allergy and 
Applied Immunology 60: 275-285. 

GILT-ON, J. (1981). Were do mucosal mast cells acquire 
IgE? Immunology Today 2: 80-81. 

GORE, R. W., BURGER, H. J. & SADUN, E. 11. (1974). Humoral 

and cellular factors in the resistance of rats to 
Trichinella spiralis. In Trichinellosis (Ed. by 

Kim, C. w. ) pp. 367-382. * Intext' Educational Publishers, 
New York. 



293 

GOULD, S. E., GOMBEPG, H. J., VILLELLA, J. B. & HERTZ, C. S. 
(1957). Studies on Trichinella spiralis VI. Effects 

of Cobalt 60 and x-ray on morphology and reproduction. 
American Journal of Pathology 33: 79-105. 

GREIFCIS, R. K. (1981). The kinetics of cellular 

responsiveness in primary and secondary infections of 

the nematode Trichinella spiralis in mice. 

Parasitology (in Press). 

GROVE, D. J., MAFIMOUD, A. A. F. & WARREN, K. S. (1977). 

Eosinophils and resistance to Trichinella spiralis. 
Journal of Experimental Medicine 145: 755-759. 

GURSCH, O. F. (1949). Intestinal phase of Trichinella 

spiralis (Owen, 1835) Railliet, 1895. Journal of 
Parasitology 35: 19-26. 

GUSTOIVSKA, L., RUITENBERG, E. J. & ELGERSMA, A. (1980). 

Cellular reactions in tongue and gut in murine 
trichinellosis and their thymus-dependence. 

Parasite Immunology 2: 133-154. 

GUY-GRAND, D., GRISCELLI, C. & VASSALLI, P. (1978). The 

mouse gut T lymphocyte, a novel type of T cell. 
Nature, origin and traffic in mice in normal and 

graft-versus-host conditions. Journal of Experimental 

Medicine 148: 1661-1677. 

HAGAN, P. (1980). Studies on the host-parasite relation- 

ship of Nematospiroides dubius in the mouse. Ph. D. 

Thesis, University of Glasgow. 

HAND1VERGER, B. S. & SCHWARTZ, R. H. (1974). Separation of 

murine lymphoid, cells using nylon-wool columns. 

Recovery of the B cell-enriched population. 
Transplantation 18: 544-548. 



294 

HOPKINS, C. A. & STALLARD, H. E. (1974). Immunity to 

intestinal tapeworms: the rejection of Hymenolepis 

citelli by mice. Parasitology 69: 63-76. 

HUMASON, G. L. (1972). Animal tissue techniques. 3rd 

Edition, W. H. Freeman and Co., San Francisco. 

JAMES, E. R. & DENTIAM, D. A. (1974). The stage specificity 

of the immune response to Trichinella spiralis. In 

Trichinellosid: (Ed. by Kim, C. W. ) pp. 345-351. 

Intext Educational Publishers, New York. 

JARRETT, E. E. E. (1973). Reaginic antibodies and helminth 

infection. The Veterinary Record 93: 
. 

480-483. 

JARRETT, E. E. E., JARRETT, W. F. H. & URQUHART, G. M. (1968). 

Quantitative studies on the kinetics of establishment 

and expulsion of intestinal nematode populations in 

-susceptible and immune hosts. Nippostrongylus 

brasiliensis in the rat. Parasitology 58: 625-639. 

JE: LINS, S. N. (1977). Studies on the immune response of 
the mouse to the nematode Trichuris muris. Ph. D. 

Thesis, University of Glasgow. 

JENKINS, S. N. & BEHNKE, J. M. (1977). Impairment of 

primary expulsion of Trichuris muris in mice 

concurrently infectedwith Nematospiroides dubius. 

Parasitology 75: 71-78. 

JENKINS, S. N. & WAKELIN, D. (1977). The source and 

nature of some functional antigens of Trichuris 

muris. Parasitology 74: 153-161. 

JENNINGS, F. W., MULLIGAN, W. & IJROUHART, G. M. (1963). 

Variables in x-ray inactivation of Nippostronpylus 

brasiliensis larvae. Experimental Parasitology 13: 

367-373. 



295 

JONES, V. E. & OGILVIE, B. M. (1971). Protective immunity 

to Nippostrongylus brasiliensis. The sequence of 

events which expels worms from the rat intestine. 

Immunology 20: 549-561. 

JONES, V. E. & OGILVIE, B. M. (1972). Protective immunity 

to Nippostrongylus brasiliensis in the rat. III 

Modulation of worm acetylcholinesterase by antibodies. 

Immunology: 22: 119-129. 

. 
JULIUS, M. H., SIMPSON, E. & HERZEN BERG, I. A. (1973). 

A rapid method for the isolation of functional thymus- 

derived murine lymphocytes.. European Journal of 
Immunology 3: 645-649. 

KARMANSKA, K., KOZAR, Z., SENIUTA, R. & CZAJKOIN'SKA, J. 

(1971). Behavior of mast cells in experimental 

trichinellosis in mice. lViadomosci Parazytolociczne 

17: 598-607. 

KASSAI", R., REDL, P., JECSAI, G., BALLA, E. & 

HARAN3OZO, E. (1980). Studies on the involvement of 

prostaglandins and their precursors in the rejection 

of Nippostrongylus brasiliensis from the rat. 

International Journal for Parasitology 10: 115-120. 

KATZ, D. H. (1980). Review: Recent studies on the 

regulation of IgE antibody synthesis in experimental 

animals and man. Immunology 41: 1-24. 

KAY, A. B. (1977). The eosinophil leucocyte; formation, 

function and fate. I. N. S. E. R. M. 72: 201-216. 

KAZURA, J. wr. & GROVE, D. J. (1978). Stage-specific 

antibody-dependent eosinophil-mediated destruction of 
Trichinella spiralis. Nature 274: 588-589. 



296 

KELLER, R. (1971). Nippostronp_ylus brasiliensis in rat: 
Failure to relate intestinal histamine and mast cell 
levels with worm expulsion. Parasitology 63: 473-481. 

KELLER, R., COTTIER, H. & HESS, M. W. (1974). Mast cell 

responses in mesenteric lymph nodes to infection of rats 

with the nematode Nippostrongylus brasiliensis. 

Immunology 27: 1039-1044. 

KELLY, J. D. & OGILVIE, B. M. (1972). Intestinal mast cell 

and eosinophil numbers during worm expulsion in 

nulliparous and lactating rats infected with 
Nippostrongylus brasiliensis. International Archives 

of Allergy and Applied Immunology 43: 497-509. 

KENNEDY, M. W. (1979). Effects of the host immune response 

on the intestinal phase of Trichinella spiralis 
(Nematoda) in mice. Ph. D. Thesis, University of 

Glasgow. 

KENNEDY, M. W. (1980). Effects of the host immune response. 

on the longevity, fecundity and position in the 

intestine of Trichinella spiralis in mice. 
Parasitology 80: 49-60. 

KENNEDY, M. W. & BRUCE, R. G. (1981). Reversibility of the 

effects of the host immune response on the 

intestinal phase of Trichinella spiralis in the 

mouse, following transplantation to a new host. 

Parasitology 82: 39-48. 

KENNEDY, M. W., WAKELIN, D. & WILSON, M. M. (1979). 

Transplantation of adult Trichinella spiralis between 

hosts: worm survival and immunological character- 
istics of the host-parasite relationship. 
Parasitology 78: 121-130. 



297 

KIM, C. W. (1957). Immunity to Trichinella spiralis in 

mice infected with irradiated larvae. Journal of 
the Elisha Mitchell Scientific Society 73: 308-317. 

KIM, C. W. & LEDBETTER, M. G. (1981). Detection 

of specific antigen-antibody precipitates on the 

surface of Trichinella spiralis by scanning electron 

microscopy. In: Trichinellosis (Ed. by Kim, C. 17. 

and Ruitenberg, E. T. ) pp. 65-69. Reed Books Ltd., 

Surrey, England. 

KITAMURA, Y., YOKOYAMA, M., MATSUDA, H., OHNO, T. & 

MORI, K. J. (1981). Spleen colony-forming cell as common 

precursor for tissue mast cells and granulocytes. 
Nature 291: 159-160. 

LAKE, A. M., BLOCH, K. J., NEUTRA, M. R. & WALKER, W. A. (1979). 

Intestinal goblet cell mucus release. II. in vivo 

. stimulation by antigen in the immunized rat. 
Journal of Immunology 122: 834-837. 

LAKE, A. M., BLOCH, K. J., SINCLAIR, K. J. & WALKER, W. A. 

(1980). Anaphylactic release of intestinal goblet 

cell mucus. Immunology 39: 173-178. 

LARSH, J. E. Jr. (1963). Experimental Trichiniasis. 

Advances in Parasitology 1: 213-286. 

LARSH, J. E. Jr. & RACE, G. J. (1975). Parasitological 

review: Allergic inflammation as hypothesis for the 

expulsion of worms from tissue. Experimental 

Parasitology 37: 251-266. 

LARSH, J. E. Jr., GILCHRIST, H. D. & GREENBERG, B. G. (1952). 

A study of the distribution and longevity of adult 
Trichinella spiralis in immunized and non-immunized 

mice. Journal of the Elisha Mitchell Scientific 

Society 68: 1-11. 



298 

LARSH, J. E. Jr., OTTOLEMII I, A. & WYEATI IERLY ,N. F. (1974). 

Trichinella spiralis: ph spholipase in challenged 

mice and rats. Experimental Parasitology 36: 299-306. 

LEE, G. B. & OGILVIE, B. M. (1981). The mucus layer in 

intestinal nematode infections. In: The Mucosal 

Immune System in Health and Disease. Proceedings 

81st Ross Conference on Pediatric Research. (Ed. 

by Ogra, P. L. and Bienenstock, J. ) pp. 175-187. 

Ross Laboratories, Columbus, Ohio. 

LEE, T. D. G., GRENCIS, R. K. & WAKELIN, D. (1982). 

Specific cross immunity between Trichinella spiralis 

and Trichuris muris: Immunization with heterologous- 

infections and antigens and transfer of immunity with 
heterologous immune mesenteric lymph node cells. 
Parasitology (in Press). 

LEID,. R. W. Jr. & WILLIAMS, J. F. (1979). Helminth 

parasites and the host inflammatory system. 
Chemical Zoology 11: 229-271. 

LEVIN, A. J. & EVANS, T. C. (1942). The use of roentgen 

radiation in locating an origin of host resistance to 

Trichinella spiralis infections. Journal of 
Parasitology 28: 477-483. 

LIU, S. K. (1965). Pathology of Nematospiroides dubius 

1. Primary infections in C3H and Webster mice. 
Experimental Parasitology 17: 123-135. 

LJUNGSTROA4, "I. & 1-IULDT, G. (1977). Effect of experimental 
trichinosis on unrelated humoral and cell mediated 
immunity. Acta Pathologica et Microbiolocica 

Scandinavica Section C 85: 131-141. 



299 

LOVE, R. J. & OGILVIE, B. M. (197? ). Nippostrongylus 

brasiliensis and Trichinella spiralis: Localization 

of lymphoblasts in the small intestine of 

parasitized rats. Experimental Parasitology 41: 

121-132. 

LOVE, R. J., OGILVIE, B. M. & McLAREN, D. J. (1976). The 

immune mechanism which expels the intestinal stage 

of Trichinella spiralis from rats. Immunology 30: 

7-15. 

McCOY, O. R. (1940), Rapid loss of Trichinella larvae 

fed to immune rats and its bearing on the mechanism 

of immunity. American Journal of Hygiene 32: 105-116. 

MacDONALD, T. T., MURRAY, M. & FERGUSON, A. (1980). 

Nippostrongylus brasiliensis: Mast cell kinetics at 

small intestinal sites in infected rats. 
Experimental Parasitology 49: 9-14. 

M4acKENZIE, C. D. (1980). Eosinophil leucocytes in filarial 

infections. Transactions of The Royal Society of 
Tropical Medicine and Hygiene. 74: 51-58. 

MacKENZIE, C. D., PRESTON, M. P. & OGILVIE, B. M. (1978). 

Immunological properties of the surface of parasitic 

nematodes. Nature 276: 826-828. 

MacKENZIE, C. D., JUN ERY, It., TAYLOR, P. M. & OGILVIE, B. M. 

(1980). Activation of complement, the induction of 

antibodies to the surface of nematodes and the effect 

of these factors and cells on worm survival in vitro. 
European Journal of Immunolocy 10: 595-601. 

MANSON-SMI111, D. F., BRUCE, R. G. & PARRO1T, D. M. V. (1979a). 

Villous atrophy and expulsion of intestinal 

Trichinella spiralis are mediated by T cells. 
Cellular Immunology 47: 285-292. 



300 

MANSON-SMITH, D. F., BRUCE, R . G.. , ROSE; M. L. & PARROTT, D. M. Y. 
(1979b). Migration of lymphoblasts to the small 
intestine. III. Strain differences and relationship 

to distribution and duration of Trichinella spiralis 
infection. . Clinical and Experimental Immunolot? y 38: 

475-482. 

MAYRHOFER, G. (1977). Sites of synthesis and localization 

of IgE in rats infected with Nippostrongylus 

brasiliensis. Ciba Foundation Symposium 46: 155-182. 

MAYRHOFER, G. (1979a). The nature of the thymus 

dependency of mucosal mast cells. I. An adaptive 

secondary response to challenge with Nippostroncylus 

brasiliensis. Cellular Immunology 47: 304-311. 

MAYRHOFER, G. (1979b). The nature of the thymus 

dependency of mucosal mast cells. II. The effect 

of thymectomy and of depleting recirculating 
lymphocytes on the response to Nippo trongylus 

brasiliensis. Cellular Immunology 47: 312-322. 

MAYRHOFER, G. & FISHER, R. (1979). Mast cells in severely 
T cell depleted rats and the response to infestation 

with Nippostrongylus brasiliensis. Immunology 37: 

145-155. 

MAYRHOFER, G., BAZIN, H. & GOWANS, J. L. (1976). Nature 

of cells binding anti-IgE in rats immunized with 
Nippostrongylus brasiliensis: IgE synthesis in 

regional nodes and concentration in mucosal mast cells. 
European Journal of Immunology 6: 537-545. 

MILLER, H. R. P. (1969). The intestinal mast cell in 

normal and parasitised rats. Ph. D. Thesis, 

University of Glasgow. 



301 

MILLER, H. R. P. (1971). Immune reactions in mucous 

membranes II. The differentiation of intestinal 

mast cells during helminth expulsion in the rat. 
Laboratory Investigation 24: 339-347. 

MILLER, H, R. P. (1979). Passive transfer of the mucosal 

mast cell response its relationship to goblet cell 
differentiation. In. The. Mast Cell; its Role in 

Health and Disease (ed. by Pepys, J. and Edwards, A. M. ) 

pp. 738-743. Pitman Medical Publishing Co. Ltd. 

MILLER, H. R. P. & JARRETT, W. F. H. (1971). Immune reactions 
in mucous membranes, I. Intestinal mast cell 

response during helminth expulsion in the rat. 
Immunology 20: 277-288. 

MILLER, H. R. P, & NAWYA, Y. (1979a). Nippostrongylus 

brasiliensis. Intestinal'goblet-cell response in 

adoptively. immunized rats. Experimental 

Parasitology 47: 81-90. 

MILLER, H. R. P. & NAWYA, Y. (1979b). Immune regulation of 
intestinal goblet- ce1 1 differentiation. Specific 

induction of non-specific protection against helminths? 

Nouvelle Revue Francaise d'Hematologie 21: 31-45. 

MILLER, H. R. P., HUNTLEY, J. F. & WALLACE, G. (1981). 

Immune exclusion and mucus trapping during the rapid 

expulsion of Nippostrongylus brasiliensis from primed 

rats. Immunology 44: 419-429. 

MOQBEL, R. & DENIIAM, D. A. (1977). Strongyloides ratti: 
1. Parasitological observations on primary and 

secondary infections in the small intestine of rats. 
Journal of Helminthology 51: 301-308. 

MOTA, I. (1964). The mechanism of anaphylaxis. 1. 
Production and biological properties of 'mast cell 
sensitizing' antibody. Immunology 7: 681-706. 



302 

MOWRY, R. T. (1963). The special value of methods that 

color both acidic and vicinal hydroxyl groups in the 

histochemical study of mucins. With revised 
direction for the colloidal iron stain, the use of 

Alcian blue 8GXand their combinations with the periodic 

acid-Schiff reaction. Annals of the New York 

Academy of Science 106: 402-423. 

MURRAY, M. (1972). Immediate hypersensitivity effector 

mechanisms. II. In vivo reactions. In: Immunity 

to Animal Parasites (Ed. by Soulsby, E. J. L. ) pp. 155- 

190. Academic Press, New York. 

MURRAY, M., MILLER, H. R. P. & JARRETT, IY. F. H.. (1968) 
. 

The globule leukocyte and its derivation from the 

subepithelial intestinal mast cell. Laboratory 

Investigation 19: 222-234. 

MURRAY, M., JARRETT, W. F. H. & JENNINGS, F. W. (1971). Mast 

cells and macromolecular leak in intestinal immmuno- 

logical reactions. The influence of sex of rats 

infected with Nippostrongylus brasiliensis. 

Immunology 21: 17-31. 

NAWA, Y. & MILLER, H. R. P. (1978). Protection against 

Nippostrongylus brasiliensis by adoptive immunization 

with immune thoracic duct-lymphocytes. Cellular 

Immunology 37: 51-60. 

NAWYA, Y. & MILLER, H. R. P. (1979). Adoptive transfer of 

the intestinal mast cell response in rats infected 

with Nippostrongylus brasiliensis. Cellular 

Immunology 42: 225-239. 

NAWYA, Y., PARISH, C. P. & MILLER, H. R. P. (1978). The 

protective capacities of fractionated immune thoracic 

duct lymphocytes against Nippostrongylus brasiliensis. 

Cellular Immunology 37: 41-50. 



303 

OGILVIE, B. M. (1967). Reagin-. like antibodies in rats 
infected with the nematode parasite Nippostrongylus 
brasiliensis. Immunolocy 12: 113-131. 

OGILVIE, B. M. & JONES, V. E. (1971). Nippostrongylus 

brasiliensis: A review of immunity and the host/ 

parasite relationship in the rat. Experimental 

Parasitology 29: 138-177. 

OGILVIE, B. M. & JONES, V. E. (1973). Immunity in the 

parasitic relationship between helminths and hosts. 

Progress in A1lerpy 17: 93-144. 

OGILVIE, B. M. & LOVE, R. J. (1974). Co-operation between 

antibodies and cells in immunity to a nematode 

parasite. Transplantation Reviews 19: 147-168. 

OGILVIE, B. M., LOVE, R. J., JARRA 
, W. & BROWN, K. N. (1977). 

Nippostrongylus brasiliensis infection in rats. The 

cellular requirement for worm expulsion. 

Immunology 32: 521-528. 

OLIVER-GONZALEZ, J. & LEVINE, D. M. (1962). Stage- 

specific antibodies in experimental trichinosis. 

American Journal of Tropical Medicine and Hygiene 

11: 241-244. 

OTTAWAY, C. A., MANSON-SMITH, D. F., BRUCE, R. G. & 

PARROTT, D. M. V. (1980). Regional blood flow and the 

localization of lymphoblasts in the small intestine 

of the mouse. II. The effect of a primary enteric 
infection with Trichinella spiralis. 

-- Immunology 41: 963-971. 

PADA17ER, J. (1979). Mast cell structure: implications 

for normal physiology and degranulation. In The Mast 
Cell, its Role in Health and Disease (Ed. by Pepys, J. 

and Edwards, A. M. ) pp. 1-8. Pitman Medical Publishing 
Co. Ltd. 



304 

PERRY, R. H. (1974). Transfer of immunity to Trichinella 

spiralis from mother to offspring. Journal of 
Parasitology 60: 460-465. 

PHILIPP, M., PARKHOUSE, R. M. E. & OGILVIE, B. M. (1980). 

Changing proteins on the surface of a parasitic 

nematode. Nature 287: 538-540. 

PILARSKI, L. M. & CUNNIN I1AM, A. J. (1975). Host derived 

antibody-forming cells in lethally irradiated mice. 
Journal of Immunology 114: 138-140. 

R. A. PPAPORT, J. & WELLS, U. S. (1951). Studies in Trichinosis 

1. Immunity to re-infection in mice following a single 
light infection. Journal of Infectious Diseases 88: 

248-253. 

REILLY, R. W. & KIRSNER, J. B. (1965). Runt intestinal 

disease. Laboratory Investigation 14: 102-107. 

RIVERA-ORTIZ, C. E., & NUSSEN ZWEIG, R. (1976). Trichinella_ 

spiralis: Anaphylactic antibody formation and 

susceptibility in strains of inbred mice. 
Experimental Parasitology 39: 7-17. 

ROSE, M. L., PARROTT, D. M. V. & BRUCE, R. G. (1976). 

Migration of lymphoblasts to the small intestine. 

II. Divergent migration of mesenteric and peripheral 
immunoblasts to site of inflammation in the mouse. 
Cellular Immunology 27: 36-46. 

ROTFAVELL, T. L. W. & MERRIT, G. C. (1974). Acetylcholin- 

esterase secretion by parasitic nematodes - IV. 

Antibodies against the enzyme in Trichostroncylus 

colubriformis infected sheep. International Journal 

for Parasitology 4: 63-71. 



305 

ROTHIVELL, T. L. W., DINEEN, J. K. & LOVE, R. J. (1971). The 

role of pharmacologically-active amines in resistance 
to Trichstrongylus colubriformis in the guinea pig. 
Immunology 21: 925-938. 

ROTI-IWELL, T. L. W., PICHARD, R. K. & LOVE, R. J. (1974). 

Studies on the role of histamine and 5-hydroxy- 

tryptamine in immunity against the nematode 
Trichostrongylus colubriformis. I. in vivo and 
in vitro effect of the amines. International Archives 

of Allergy and Applied Immunology 46: 1-13. 

ROTHIVELL, T. L. W., LOVE, R. J. & GOODRICH, B. S. (1977). 

Failure to demonstrate involvement of prostaglandins 
in the immune expulsion of Trichostronrylus 

colubriformis from the. intestine of guinea pigs. 
International Archives of Allergy and Applied 

Immunology 53: 93-95. 

RUITENBERG, E. J. (1974). Immunological aspects of 
Trichinella spiralis infection in the rat. In 

Trichinellosis (Ed. by Kim, C. w. ) pp. 205-212. 

Intext Educational Publishers, New York. 

RUITENBERG, E. J. & ELCERSMA, A. (1976). Absence of 
intestinal mast cell response in congenitally athymic 

mice during Trichinella spiralis infection. Nature 

264: 258-260. 

RUITENBERG, E. J. & ELGERSMA, A. (1979). Response of 
intestinal globule leukocytes in the mouse during a 
Trichinella spiralis infection and its independence 

of intestinal mast cells. British Journal of 
Experimental Pathology 60: 246-251. 

RUITENBERG, E. J. & ELGERSMA, A. (1980). Study on the 
kinetics of globule leukocytes in the intestinal 

epithelium of rats after single or double infection 

with Trichinella spiralis. British Journal of 
Experimental Pathology 61:. 285-290. 



306 

RUITEI, BERG, E. J., LEENSTRA, F. & ELGERSMA, A. (1977). 

Thymus dependence and independence of intestinal 

pathology in a Trichinella spiralis infection: A 

study in congenitally athymic (nude) mice. 
British Journal of Experimental Pathology 58: 311-314. 

RUITENBEPG, E. J., ELGERSMA, A. & KRUIZIN A, IV. (1979a) 
. 

Intestinal mast cells and globule leukocytes: Role of 
the thymus on their presence and proliferation during 

a Trichinella spiralis infection in the rat. 
International Archives of Allergy and Applied 

Immunology 60: 302-309. 

RUITENBERG, E. J., ELGERSMA, A. & LAM ERS, C. H. T. (1979b). 

Kinetics and characteristics of intestinal mast cells 

and globule leukocytes. In: The Mast Cell: its 

Role in Health and Disease (Ed. by Pepys, J. and 

Edwards, A. M. ) pp. 732-737. Pitman Medical 

Publishing Co. Ltd. 

RUITENBERG, E. J., PERRUDET-BADOUX, A., BOUSSAC-ARON, Y. & 

ELGERSMA, A. (1980). Trichinella spiralis infection in 

animals genetically selected for high and low antibody 

production. International Archives of Allergy and 

Applied Immunology 62: 104-110. 

RUSSELL, D. A. & CASTRO, G. A. (1979). Physiological 

characterization of a biphasic immune response to 

Trichinella spiralis in the rat. Journal of 

Infectious Diseases 139: 304-312. 

SADUN, E. H., MOTA, I. & GORE, W. (1968). Demonstration 

of homocytotropic reagin-like antibodies in mice and 

rabbits infected with Trichinella spiralis. 
Journal of Parasitology 54: 814-821. 

SMITH, J. 1V. & CASTRO, G. A. (1978) . Relation of peroxidase 

activity in gut mucosa to inflammation. American 

Journal of Physiology 284: ' R72-R79. 



" 307 

STEIF? SON, W. F. & PARKER, C. W. (. 1980). Prostaglandins, 

macrophages and immunity. Journal of Immunology 

125: 1-5. 

SUKHDEO, M. V. K. & CROLL, N. A. (1981). The location of 

parasites within their hosts: factors affecting 
longitudinal distribution of Trichinella spiralis in 

the small intestine of mice. International Journal 

for Parasitology 11: 163-168. 

TALI AFERRO , 17 .H. & SARLES, M. P. (1939). The cellular 

reactions in the skin, lungs and intestine of normal 

and immune rats after infection with Nippostrongylus 

muris. Journal of Infectious Diseases 64: 157-192. 

TALIAFERRO, W. H., TALIAFERRO, L. G. ¬r JAROSLOW, B. N. (1964). 

Radiation and Immune Mechanisms . New York and 

London: Academic Press. 

TRONCHIN, G., DUIOIT, E., VERNES, A. & BIGUET, J. (1979). 

Oral immunization of mice with metabolic antigens of 

Trichinella spiralis larvae: Effects on the kinetics 

of intestinal cell response including mast cells and 

polymorphonuclear eosinophils. Journal of 

Parasitology 65: 685-691. 

URQUHART, G . M. , MULLIGAN, W. 
J. 

EADIE, R. M. & JENNII'GS, F. W. 

(1965). Immunological studies on Nippostrongylus 

brasiliensis infection in the rat. The role of local 

anaphylaxis. Experimental Parasitology 17: 210-217. 

WAKELIN, D. (1967). Acquired immunity to Trichuris muris 

in the albino laboratory mouse. Parasitology 57: 

515-524. 

WAKELIN, D. (1975). Immune expulsion of Trichuris muris 
from mice during a primary infection: analysis of the 

components involved. Parasitology 70: 397-405. 



308 

WYAKELIN, D. (1978a), Immunity'to intestinal parasites. 
Nature 273: 617-620. 

VWAKELIN, D. (1978b). Genetic control of susceptibility 

and resistance to parasitic infection. Advances in 

Parasitology 16: 219-284. 

1'1AKELIN, D. (1980a). Genetic control of immunity to 

parasites. Infection with Trichinella spiralis in 

inbred and congenic mice showing rapid and slow 

responses to infection. Parasite Immunology 2: 85-98. 

WAKELIN, D. (1980b). Genetic control of immunologically 

mediated resistance to helrninthic infections. In 

Genetics of Natural Resistance to Infection and 
Malignancy (Ed. by Skamene, E., Kongshavn, P. A. L. and 
Landy, M. ) pp. 55-66. Academic Press Inc., New York. 

- WAKELIN, D. & DONACHIE, A. M. (1980). Genetic control of 
immunity to parasites: adoptive transfer of immunity 

between inbred strains of mice characterized by rapid 

and slow immune expulsion of Trichinella spiralis. 
Parasite Immunology 2: 249-260. 

WAKELIN, D. & LLOYD, M. (1976a). Immunity to primary and 

challenge infections of Trichinella spiralis in mice: 

a re-examination of conventional parameters. 

Parasitology 72: 173-182. 

WWAKELIN, D. & LLOYD, M. (1976b). Accelerated expulsion 

of adult Trichinella spiralis in mice given lymphoid 

cells and serum from infected donors. Parasitology 

72: 307-315. 

1PAKELIN, D. & SELIBY, G. R. (1976). Immune expulsion of 
Trichuris muris from resistant mice: suppression by 

irradiation and restoration'by transfer of lymphoid 

cells. Parasitology 72: 41-50. 



309 

IVAKELIN, D. & WILSON, M. M. (1977a). Transfer of immunity 

to Trichinella spiralis in the mouse with mesenteric 
lymph node cells: time of appearance of effective 

cells in donors and expression of immunity in 

recipients. Parasitology 74: 215-224. 

1YAKELIN, D. & WILSON, M. M. 
. 
(1977b) 

. Evidence for the 

involvement of a bone marrow-derived cell population 
in the immune expulsion of Trichinella spiralis. 
Parasitology 74: 225-234. ' 

WAKELIN, D. & WILSON, M. M. (1979a). T and B cells in the 

transfer of immunity against Trichinella spiralis in 

mice. Immunology 37: 103-109. 

WAKELIN, D. & WILSON, M. M. (1979b). Trichinella spiralis: 
immunity and inflammation in the expulsion of trans- 

planted adult worms from mice. Experimental 

Parasitology 48: 305-312. 

WAKELIN, D. & WILSON, M. M. (1980). 'Immunity to 

Trichinella spiralis in irradiated mice. 
International Journal for Parasitology 10: 37-41. 

WALLS, R. S., CARTER, R. L., LEUCHARS, E. & DAVIES, A. J. S. 

(1973). The immunopathology of trichiniasis in T 

cell deficient mice. Clinical and Experimental 

Immunology 13: 231-242. 

WASSERMAN, S. I. (1979). The mast cell and the 

inflammatory response. In: The Mast Cell: Its 

Role in Health and Disease (Ed. by Pepys, J. and 
Edwards, A. M. E. ) pp. 9-20. Pitman Medical 

Publishing Co., Ltd. 

WASSOM, D. L., DAVID, C. S. & GLEICH, G. J. (1979). Genes 

within the major histocompatibility complex influence 

susceptibility to Trichinella spiralis in the mouse. 
Immunopenetics9: 491-496. 



310 

WASSOM, D. L., DAVID, C. S. & GLEICH, G. J. (1980). MHC- 

linked genetic control of the immune response to 

parasite: Trichinella spiralis in the mouse. In 

Genetics of Natural Resistance to Infection and 
Malignancy (Ed. by Skamene, E., Kongshavn, P. A. L. and 

Landy, M. ) pp. 75-82. Academic Press Inc., New York. 

WEIR, D. M. (1974). Amplification systems in immunity. 

Scottish Medical Journal 19: 77-80. 

WELLER, P. F. & GOETZL, E. J. (1979). The regulatory and 

effector roles of eosinophils. Advances in 

Immunology 27: 339-371. 

WELLS, P. D. (1962). Mast cell, eosinophil and histamine 

levels in Nippostrongyl. us brasiliensis infected rats. 

Experimental ' Parasitology 12: 82-101. 

SWELLS, P. D. (1963). Mucin-secreting cells in rats 
infected with Nippostroncylus brasiliensis. 

Experimental Parasitology 14: 15-22. 

1"1HUR, P. & GRACIE, M. (1967). Histochemical comparison 

of mast cell and globule leukocyte granules in the 

rat . Experientia 23: 655-657. 

- 1YRIGHT, 'K. A. (1979). Trichinella spiralis: An intra- 

cellular parasite in the intestinal phase. 

Journal of Parasitology 65: 441-445. 



311 

The following paper has been 

published in Trichinellosis 

(Ed. by Kim, C. W. and 

Ruitenberg, E. J. ), 1981. 



PAGE 
NUMBERING 
AS ORIGINAL 



.--4 

MECHANISM OF RAPID EXPULSION OF TRICHINELLA SPIRALIS FROM MICE 

H. Alizadeh and D. Wakelin 
Wellcome Laboratories for Experimental Parasitology, University of 
Glasgow, Bearsden Road, Bearsden, Glasgow G61 IQH, Scotland 

INTRODUCTION 

When challenged with T. spiralis immediately after a primary infection, 
NIH mice show a strong and rapid expulsion response (RE). RE is coin- 
cident with high mast cell numbers in the intestinal mucosa (1). The 
mechanisms underlying RE were examined, using a) repeated challenge 
of previously infected mice, b) immune suppressive treatments and c) 
adoptive transfer with immune mesenteric lymph node cells (IMLNC) in 
normal and irradiated recipients. 

MATERIALS AND METHODS 

Male NIH inbred mice, 7 weeks old, were used in groups of six. The 
methods used have been described previously (2); the infective dose 
was 300 larvae/mouse. IUNC taken from donors 8 days after infection 
were prepared and transferred as described (3). Mice were irradiated 
at 1050 rad/min using a 60 Co source. Drugs were given as follows: 
cortisone acetate (Boots) subcutaneously at 2.5 mg/kg body weight, 
cyclophosphamide (WB Pharmaceuticals) intraperitoneally (IP) at 300 
mg/kg and reserpine (BDH) IP at 1 mg/kg. 

Ten cm portions of the middle small intestine were processed for 
histology by the Swiss roll technique, fixed in Carnoy's, embedded in 
paraffin wax, sectioned at 5 pm and stained for mast cells with alcian 
blue. Numbers of alcian blue-staining cells were counted in 20 villus- 
crypt units (VCU). Mean values were compared by the Student's t test; 
P>0.05 was considered non-significant. 

RESULTS 

Rapid expulsion in repeated challenge infections 

Challenge infections given on Days 14 or 16 of a primary infection 
were expelled rapidly within 24 hours. Mice given an initial challenge 
infection on Day 14 and a, second challenge on Days 15,16 or 18 post 
infection (PI) showed RE of the repeat challenge on Days 15 and 16, 
but on Day 18 the parasites were only partially expelled (Table 1). 

Effect of immunosuppressants and irradiation on rapid expulsion 

Groups of mice were given cortisone, cyclophosphamide or reserpine on 
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Days 12 and 13 PI, or irradiated (850 rad) on Day 12 PI. These mice, 
together with control infected and uninfected mice, were challenged 
on Day 14 PI and killed 24 hours later. RE was partially prevented 
only in cortisone-treated or irradiated mice. 

Adoptive transfer experiments 

The results can be summarized as follows: 
1. In unirradiated mice given IMLNC (3.2 x 107) loss of the worms had 

begun by Day 8. In irradiated (400 rad) recipients loss had begun 
by Day 12 PI (Figs. I and 2). 

2. Mast cell numbers were significantly increased by Day 6 and reached 
a peak by Day 8 in control infected mice. The response was accel- 
erated in mice given IMLNC; mastocytosis developed by Day 4 and 
numbers of mast cells remained high. Control cells (CiLNC) dit not 
accelerate mastocytosis in infected mice. The numbers of mast cells 
remained at normal levels in all uninfected groups (Fig. 1). 

TABLE 1: Rapid expulsion of challenge infections in infected mice 

Day of Ist Worm recovery 
challenge Day of 2nd challenge (% control) 

Group 14 15 16 18 24 h later 

1 none +-- 10 
2++--2 
3 none -+- 20 
4+-+-1 
5 none --+ 94 
6+--+ 48 

TABLE 2: Effect of MLNC upon rapid expulsion in irradiated mice 

Group 
Cells 

transferred 
Worm recoveries 24 h 

after challenge 

Irradiated mice IMLN CNLN Mean S. D. 
1. infected challenge -7- 127 

x 
12 

2. infected challenge 3.2x10 -7 30 22 
3. infected challenge - 3.2x10 129 28 
4. noninfected challenge -- 157 36 

Unirradiated mice 
1. infected challenge -- 12X 22 
2. infected challenge 3.2x10 77- 

10 7 
3. noninfected challenge 3.2x10 - 120 22 
4. noninfected challenge -- 148 41 

x Mean significantly lower than control 
Immune cells (INLNC) 
Control cells (CUNC) 
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3. Irradiation delayed intestinal mastocytosis in infected mice and 
mast cell hyperplasia was not observed until Day 10 PI. Irradiated 
recipients of IMLNC developed mastocytosis by Day 4 and this peaked 
by Day 10 PI. At this time mast cells were observed in discrete 
patches in the mucosa. IMLNC and CMLNC had no effect upon mast cell 
numbers in uninfected mice (Fig. 2). 

4. RE of a Day 14 challenge occurred only in irradiated mice given 
IMLNC (primary worms removed prior to challenge); irradiated in- 
fected controls showed no RE (Table 2). 

DISCUSSION 

T. spiralis induced mucosal mast cell hyperplasia. RE of challenge 
larvae occurred when high numbers of mast cells were present, but 
did not occur later than 16 days after primary infection (1). A 
second challenge given I or 2 days after initial challenge on Day 14 
was also expelled rapidly. A rapid loss of repeated challenge infec- 
tions has also been observed in rats (4). 

RE was partially prevented by cortisone and irradiation (850 rad) 
given 2 days prior to challenge; reserpine and cyclophosphamide were 
ineffective. Cortisone and irradiation are known to prevent masto- 
cytosis. No RE occurred in mice irradiated I day before the primary 
infection, but RE was restored by transferring IMLNC; normal MLNC had 
no effect. IMLNC also partially restored the intestinal mast cell 
response. The role of IMLNC in accelerating mastocytosis in unirradi- 
ated mice, ad in restoration of the mast cell response in irradiated 
mice, may be explained by their being helper, activator or precursor 
cells. A causal relation between intestinal mastocytosis and RE 
appears probable. 

SUMMARY 

Rapid expulsion (RE) of the T. spiralis challenge infection was stud- 
ied in NIH mice. RE is associated with intestinal mastocytosis, pre- 
vented by prior irradiation and cortisone treatment, but restored in 
irradiated mice by adoptive transfer of immune cells. Transfer also 
restores a mast cell response. The mechanisms of RE are discussed. 
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Abstract-At. tzaoEtt 11. and WAKEL D. 1982. Comparison ofsapid expulsion of Tricl, iaullctspirolis 
7 in mice and rats. International Journal far Parasito/o 

yr 
12: (x)0-G00. Primary infections of Trichinella i 

spiralis in both NIII mice and Wistar rats resulted in increased levels of mucosal mast ceil%and goblet 
cells. In mice the numbers of both cell types rose sharply before worm cxpukioi (days 5-10), 
remained at an increased lesel fora short time and declined quickly, reaching control lc els on day 14 
for goblet cells and betsseen days 28 and 35 for mast cells. In contrast, in rats, the numbers of 
goblet cells and mast cells increased during worm expulsion and remained above control lescis for 
a prolonged period. Challenge infections gisen shortly after expulsion of a primary infection 
(day 14) were expelled rapidly, worm loss being sirtually complete with 24 h. In mice this response 
to challenge was short-lined and persisted only until day 16 after primary infection. After this time, 
challenge worms were expelled more slowly after infection. In rats the rapid expulsion respdnse was 
expressed for at least 7 weeks after primary infection. Mice and rats showed differences in the 
cgnditions of infection necessary to prime for rapid expulsion, mice requiring larger and Ionccr 
duration primary infections, but the expression of the response appeared to he similar in both species. 
In mice it was shown that rapid expulsion of T. spiralig ssas a response evoked specifically by prior 
infection with this species: infections with other intestinal nematodes had no effect. Similarly, the 
effect upon challenge infection was also specific to T. spiralis. The rapidity with which chatIenýe 
infections are expelled suggests that either the specific inflammatory chain es generated during primary 
infection result in an environment that is unsuitable for establishment of sub<equent infections or 
that challenge infections provide a stimulus that can provoke an almost instantenaous respon in 
the primed intestine. The relationship of the observed cellular changes to such mechanisms is 
discussed. 

INDEX KEY WORDS: Trichinella spiralis; nematoJe parasite; mouse; rat; immunity; rapid 
expulsion; mast cell; goblet cell; inflammation; specificity. 

INTRODUCTION 
TUE ENTERAL and parenteral stages of Trichinella 
spiralis induce strong protective responses in rodent 
hosts and there is increasing evidence that these 
responses arc stimulated and expressed in a stage 
specific manner (Bell. McGregor & Despommier, 
1979). During primary infections immunity is 
associated "ith a reduction in reproductisc capacity 
of the adult skorms and leads ultimately to their 
expulsion from the intestine (\Vakelin, 1978). In 
secondary infections the expression of immunity is 
dependent upon the experimental conditions em- 
ployed. In mice, challenge immunity is most often 
reflected in reduced worm cro\uth and reproduction 
and an accelerated expulsion from the intestine 
(Wakelin & Lloyd. 1976), but %\ hen challenge is given 
late after a primary infection there may be a marked 
suppression of the expulsive component (Grove, 

Hamburger & Warren, 1977). In rats, challcngc 
immunity appears to act primarily against the 
initial stages of infection and the majority of ý%orms 
may be lost %%ithin a %ery short period. the phe- 
nomenon of rapid expulsion (McCoy. 1940: Love. 
Ogilvie & McLarcn. 1976). This aspect of immunity 
has been studied in an ertensiNc series of papers by 
Bell : McGregor (1979x. b. 19SOa. b) and by Castro 
and co-workers (Russell &" Castro, 1979: Castro, 
Hesse) & Whalen. 1979). 

Earlier work indicated that rapid expulsion could 
occur in mice (\Vakelin el at, 1976: Alizadeh & 
Wakelin. 1981) but that it did not seem to form a 
major component of challenge immunity and this 
conclusion is supported by the recent work of 
Kennedy (1980). In this paper some of the conditions 
necessary for the induction and expression of rapid 
expulsion in mice have been examined and compared 
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with 
: hose operative in rats. In order to assess the 

relevance of inflammatory cents to this form of 
immunity, the onset and persistence of changes 
induced in the intestine by primary infections have 
been monitored by two histological parameters, 
namely the numbers of mast cells and of goblet cells 
in the mucosa. 

MATERIALS AND METHODS 
Aninralsandinfections. Male inbred Nlli mice (Hacking 

and Churchill Ltd. ) aged approximately 7 weeks Acrc 
used throughout. Male 1Vistar rats (bred at the WVelicome 
Laboratories, Glasgow) %%ere used at 8-9 seeks old. 
Animals were killed by an overdose of chloroform vapour. 
The strain of T. splralis and the methods used for main- 
tenance, infection and worm recovery have been des- 
cribed by Wakelin & Lloyd (1976). Unless otherwise 
stated, primary and challenge infections %%ere with 
approx. 300 larvae. The maintenance, methods of infec- 
tion and recovery of Nenratospirokles drrbirrs ha'. e already 
been described by Jenkins & Behnke (1977). Third stage 
infective larvae of 4\7ppostrong}"! us brasiliensis %%ere 
obtained from faecal cultures according to Jennings, 
Mulligan & Urquhart (1963). Mice were infected by 
subcutaneous injection of a suspension of larvae in 0: 1 ml 
of balanced salt solution. 

Anthelnrintics. Methyridine (mintic and promintic, 
I. C. I. ) was used to remove T.. spiralis. Mintic %%as given 
orally to mice at a dose level of 1000 me%kg body %% eight; 
promintic was injected subcutaneously into rats at a dose 
of 300 mg/kg. Pyrantel embonate (stroneid-p-paste, 
Pfizcr) at a dose of 100 mg/kg as used to remove adult 
N. dublrrs from infected mice. The efficacy of the drugs 
was determined in infected mice given anthelmintic and 
killed I day later; no worms %%-ere observed in the gut at 
this time. Neither of these drug treatments has any effect 
upon subsequent infection Hith T. spiralis (Alizadch, 
unpublished results). 

Statistics. The statistical significance of difference 
between mean 'corm recoveries was determined using 
Students' t test. A salue of P>0.05 was considered to 
be non-significant. 

Histology. Mice or rats «ere autopsied, the small 
Intestine removed entirely-and dis ided into four segments. 
Each segment s as opened longitudinally and rol ed on a 
syringe plunger with the mucosal surface out (S'. iss roll 
technique of Reilly & Kirsner, 1965). For examination of 
mast cells, tissues sere fixed in Carnoy's tixatke for 
3-6 h, embedded in paraffin wax and sectioned at 5 µm. Sections «ere stained with Alcian blue (0"I°; ss/v in 
0.7 N-I iCl, Alcian blue S GX. Gurr. London) and safranin 
0 (0.5°ö w/v in 0.125 N-IICI, michrome No. 405. Gurr, 
London) by modification of the method of Enerback 
(1966) for staining mast cells. For quantitati%e purposes 
all Alcian blue positiNe cells were recorded. %%hether in the 
lamina propria or intraepithelial in position and, as the 
precise identity of cells in these locations is presently disputed (Askenase, 19,0). they are referred to collcc- 
tivcly as mucosal mast cells. In each intestinal segment 20 villus crypt units ""ere counted. For staining of goblet 
cells the segments of small intestine %%ere prepared as for 
the Suiss roll technique. Tissues %%ere tied in l3ouin 
Hollande for 24 h, embedded in paraffin wax and 

sectioned at 5µm, sections were stained with Periodic 
acid! Schiff U'AS) and Alcian blue by the methods 
described by Mo'., ry (1963) and v. crc counter stained 
with hacmatory! in. For quantitati%e purposes the 
numbers of mucus producing cells located in the epi- 
thelium of the villi and crypts «ere examined. In each 
intestinal segment 20 villus crypt units %wre counted. 

RESULTS 
The course of a primary infection of T. spiralis is 

similar in both Nlli mice and Wistar rats. The 
pattern in mice has been described by several 
workers (Wakelin & Lloyd, 19.76: Manson-Smith, 
Bruce, Rose & Parrott, 1979; Kennedy, 19S0) and 
that in rats by Russell & Castro (1979) and Love 
el cl. (1976). Preliminary experiments were carried 
out to confirm these results and the details of both 
are summarized in Figs. I and 2. Briefly, approxi- 
matcly 50;; of larvae administered become estab- 
lished in the anterior half of the small intestine and 
remain there for about 8 days. After this time, when 
the gut is grossly inflamed, worms are lost rapidly. 
\Vorm loss is normally complete by days 12-14 after 
infection by which time gross inflammatory changes 
in the intestine have disappeared. 

Fate of challenge infections given at rntert"als after 
primarv infection in inice and rats 

Rapid expulsion in rats has been defined as loss of 
the majority of a challenge infection %%ithin 24 h. To 
identify the times at which rapid expulsion occurred 
in mice, a total of 30 animals was divided into six 
groups and the groups were given primary infections 
at intervals of 35,28.21.18.16 or 14 days before 
challenge. All the mice. together with a control group, 
were challenged on the same day and killed 24 h 
later (Table I). Rapid expulsion occurred only in 
those groups which had been challenged 14 and 
16 days after the primary infection. In contrast, in a 
similar experiment using rats given a primary 
infection of _000 larvae and challenged %%ith 500 
larvae, rapid expulsion occurred at all time points 
tested between days 14 and 49 (Table 1). 

An attempt was made to induce rapid expulsion 
on day 21 of a primary infection in mice by increas. 
ing the initial infection dose to 500 larvae. The mice 
were challenged with 300 larvae, but again there as 
no rapid expulsion, mean worm recoNeries being 
106 *_ 7.6 and 116.0± 11.0 for the challenged and 
control mice respectively. The immune status of 
mice at this time as confirmed in a further experi- 
ment in which mice %%"ere challenged on day 20 of a 
primary infection but killed 4 da>s later. I. e. at the 
time at %%hich the accelerated loss characteristic of 
conventional challenge immunity should have 
commenced. The mean worm reco%cries at this time 
were 199.0_44.9 and 70.0=35"S for control and 
challenge mice respecti%ely, indicating that the failure 



U. P. VOL q. 1981 Rapid expulsion of T. spiralis 

to show rapid expulsion at this time was not associa- TinC), t which %-arms are lost during the process i1(" 
ted with any loss of immune capacity. CO, tip d ezpülsioir ür mice 
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TABLE I-RAPID EXPULSION OF CHALLENGE INFECTIONS OF recovery period the intestines were then digested in 
_ T. SpiraliS GIVEN AT INTERVALS AFTER A PRIMARY I\IEC- pepsin-}ICI. Very few worms remained in the 

71ON IN NI h MICE AND WISTAR RATS mucosa at 6h and none W ere present at 24 h. 
Challenge No. of worms rcco%crcd 

Groups infection 24 h after challenge 
Mice Rats 

Day Mean S. D. Mean S. D. 

1 14 32 6.6 3.8 5.7 
2 16 8.0 52 - - 
3 18 153.0" 37.4 - - 
4 21 176.40 22.3 4.8 5.2 
5 28 135.5` 25.9 26.3. 2.0 
G 35 131.6" 14.3 2.4 2.5 
7 42 - - 3.4 3.2 
8 49 - - 5.8 5.1 

Challenge 
9 infection 159.6 25-9 188-0 24-3 

only 

Effect of size and duration of primary infection upon 
the induction of rapid expulsion 

In the first experiment of this series, 56 mice were 
divided into four groups and given primary infections 
of 50,150,300 or 500 larvae respectively. Four mice 
from'each group %%ere killed on days 7 and 14 to 
determine the establishment and survival of each 
infection. The remaining mice and a control group 
were challenged on day 14 and killed 24 h later 
(Table 3). The results show that the lowest level of 
primary infection (50 larvae) did not prime for rapid 
expulsion, but when a larger infection was used the 
challenge was expelled rapidly. 

,, ý*Mý 
ans net significantly different from control TABLE 3-RAPID ESPCLSIONi IN NI I-i MICE GIVEN DIFFERENT 

"(: J O5. LEVELS OF PRIMARY INFECTIONS AND CIIALLENGED 14 DAYS 
AFTER PRIMARY INIrCTION 

The loss of worms during rapid expulsion in rats 
takes place in less than 24 h when the challenge 
infection is given orally (Bell & McGregor, 1979a) 
and may be shown to occur within Ih %%hen larvae 
are injected directly into the intestine (Russell & 
Castro, 1979). In an initial experiment. infected mice 
were challenged, together with controls, 14 days 
after a primary infection and killed in groups of six 
at 1.5,6 and 24 h later.. (By 1.5 h almost all orally 
administered larvae have passed into the small 
intestine. ) The results are sho sn in Table 2. Equiva- 
lent numbers of larvae were recovered from both 
groups 1.5 h after challenge, but by 6h the worm 
iccovery was significantly lover in previously infec- 
ted mice. By 24 h very few worms a ere recovered. 
A similar result was obtained in a replicate experi- 
ment. % 

TABLE 2-TIME COURSE OF LOSS OF T. spiralis FROM NIH 

MICE GI\E\ A CHALLENGE INFECTION ON DAY 14 AFTER 

PRIMARY INFECTION 

Hours after No. of worms 
challenge Contro l mice Challenged mice 
infection Mean S. D. Mean S. D. 

1.5 137.0 31"S 105.0 29.7 
6 139.0 40.6 46.0' 52.8 

24 157.2 7.7 17.7" 18.9 
'Mean significantly lower than control P<0-05. 

To confirm that the absence of worms at 24 h 
post challenge in previously infected mice reflected 
expulsion from the intestine and not a failure to 
recover larvae from the mucosa, a further experi- 
ment as carried out. Mice gihen a primary infection 
were challenged on day 14 and larvae recovered by 
the Baermann technique after 6 and 24 h. After each 

Challenge 
Size of Primary infection infection 

primary 24 h after 
infection Day 7 Day 14 challenge 

Mean S. D. Mean S. D. Mean S. D. 

Lrperimental groups 
50 "31.2 8.8 00 165.0 39.9 

150 95.7 12.6 00 8.8" 20.2 
300 191.2 24.2 00 0.6" 1.3 
500 363.2 11.7 00 00 0 

Control group 
None -- -- 149.8 33.1 

', lean significantly lo%%er than control P <0.05. 

A similar experiment was then carried out using 
rats. Groups of sir rats were infected with 200,500 
or 2000 larvae (infections similar in terms of larvae. g 
body weight to those used in mice) challenged, 
together ssith control rats, with 500 larvae on day 
14 and killed 24 h later (Table 4). Rapid expulsion 
occurred in all the previously infected rats, regardless 
of the level of the primary infection. 

TABLE 4-RAPED EXPLLSIO` N' «'! STAR RATS GIVEN 

DIFFERENT LEVELS OF PRIMARY 1NFECTIO\ A%D CHAL- 

LENGED 14 DAYS AFTER PRIMARY INFECTION 

Size of primary . infection 

No. of worms rcco%cred 
24 h after challenge 
Divan S. D. 

L- rpcrlmcntal groups 
2000 3" 3.3 
500 20 1.7 
200 16.8" 15.0 

Control group 
None 141.2 11.0 

'Moan significantly lo%%or than control P<0.05. 

z 
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The efrect of the duration of the primary infection 
in priming for rapid expulsion was then examined. 
Twenty-four mice were infected and divided into 
four groups. Groups 1,2 and 3 were given methyri- 
dine to remove their infections on days 7,9 and 13 
respectively, group 4 received no treatment. All the 
groups, and a group of controls were challenged on 
day 14 and killed after 24 h (Table 5). Removal of 
worms on day 7 of the primary infection did not 
allow the mice to expel the challenge infection, but 
rapid expulsion was evident in mice treated on days 
9 and 13, as well as in the untreated group. 

TABLE 5-THE EFFECT OF DURATION OF PRIMARY INFECTION 
ON THE RAPID EXPULSION OF A CHALLENGE GIVEN ON DAY 14 

IN NI1H MICE 

Anthclmintic No. of worms rccovercd 
Group during primary 24 h after challenge 

infection Mean S. D. 

I day 7 128.0 20.5 
2 day 9 40.0" 16.4 
3 day 13 2.60 2.0 
4 None 4.2" 3.4 
5 None-cha! Ienge 138.0 8.4 

control 

'Mean sig: i5cantly different from control P <0.05. 

A similar, but more limited experiment was carried 
out in rats given a primary infection of 2000 larvae 
and challenged with 500 larvae. In rats treated with 
methyridine on day 7 and challenged on day 14, 
rapid expulsion still took place, the mean worm 
recoveries being 27.3±39.0 in the experimental rats 
and 1ES"0±24.0 in controls. 

E- ect of si_e of chellen, e infection upon erpression 
of rapid erpului0111 . /I mice 

In rats, rapid e ,. ; lsion is known to be. efi'ectivýe 
against both smal and large challenec infections 
(Bell & \tcGregpr, 1979a). To find %%hether this held 
true for mice, a group of IS animals as given a 
primary infection and, on day 14, di%ided into three 
groups %%hich were then challenged with : 0,300 or 
600 larvae respecti,. ely. Three challenge control 
groups were similarly infected and all the mice were 
killed after 24 h (Table 6). Expulsion of the smallest 
challenge was as complete as that of the largest. 
TABLE ö--RAPID EXPULSION OF LOW- AND HIGH-LEVEL 

CHALLENGE INFECTIONS or T. S; iraliS FROM NI H MICE 

No. of worms recoNered 24 h after 
Size of challenge on day 14 

challenge Control mice Challenged mice 
infection Mean S. D. Mean S. D. 

30 13.8 3.3 . 0.1" 0.4 
300 139.5 45.3 1.00 2.3 
600 371.0 36.7 12.00 15.1 

Mean significantly different from corresponding 
controls P <0.05. 

r 

cP I 
Specificity of the induction and expression of rapid 
expulsion in mice 

The restriction of rapid expulsion in mice to a 
short time period following expulsion of a primary 
infection might imply that larvae sere failing to 
establish because of residual non-specific inflam- 
matory changes in the intestine. To tests his, experi- 
ments %%-ere carried out to discover whether T. 
spiralls could establish in mice previously exposed 
to infection with other intestinal nematodes (dVema- 
tospiroides dub/us and . Vipposrrong)"lus brasiliensis) 
and whether these latter species could establish in 
mice previously infected with T. spiredis. Both 
N. dubios and N. brasiliensis generate inflammatory 
changes in the intestine (Liu, 1965: Ogilvie & Jones, 
1971). The time course of infections with the latter 
species in N111 is very similar to that of T. spiralis 
(unpublished observations) and therefore makes a 
good comparison for the residual effects of intestinal 
inflammation. N. dubios on the other hand is long- 
lived and produces chronic inflammatory changes. 

In the first experiment four groups of trice were 
used. Group I was given a primary infection of 
T. spiralis, group 2 was infected with 600 N. brasili- 
ensis. group 3 with 600 N. brasilientis on day-0 and a 
further 300 on day 7, and group 4 was infected with 
300 N. dubius. The establishment of these infections 
was determined in mice killed on day 7, for T. spiralis 
and N. btasiliensis, and on day 14 for A. dubtrrs. The 
group infected with N. dabhius was treated with 
pyrantel on days 10,12 and 13 to remove the adult 
worms. All of the groups, together with a control 
group, \%, ere challenged with T. spiralic on day 14 of 
the initial infection and killed 24 h later (Table 7). 
Only the mice given a primary infection of T. spiralis 
showed rapid expulsion of the challenge infection. 
" In the reciprocal experinment, 36 mice Here divided 
into six groups and three of these (Ia. 2a and 3a) 
were given a primary infection of T. spiralis. Group 
Ia was challenged with T. spiralis on day 14. group 
2a ssith 300 V. dub/us on dad' 14 and group 3a with 
`00 N. brasiliensis on day 14. Group Ia and its 
control (lb) were killed 24 h after challenge, group 
2a and its control (2b) 10 days after challenge. to 
permit recovery of adult worms. and group 3a And 
its control (3b) 3 days after challenge (Table S) to 
allow the entry of larNal N. braslliensis into the 
intestine. 

The results show that only T. spiralis was unable 
to cstal-6, h and survive after previous infection with 
this species. Both N. dubius and N. brasiliens/s 
developed as well in pre%iously infected as in control 
mice. 

in! ºiu>nnatorv changes in the intestine during and 
following primary infection with T. spiralis 

The experiments described above show that the 
phenomenon of rapid expulsion in mice exhibits 
pecificity. This clement of specificity may indicates 
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that the intestinal changes induced by infection with 
T. spira! is are deleterious to challenge infections only 
with that species because they interfere with specific 
physico-chemical or morphological requirements 
necessary for worm establishment. Many of the 
inflammatory changes that occur in the intestine 

Afasr cells (Figs. 1 and 2). In control NIH mice 
very few mast cells were present. Those cells that 
were present were located at the bases of crypts and 
were evenly distributed along the length of the 
intestine. After infection the numbers of cells 
increased significantly by day 6 and reached a peak 
by day 10. The numbers remained high for several 
days but had declined by 50°. at day 21 and reached 
control levels by day 35. More mast cells Niere 
observed in the anterior half of the small intestine 
than in the posterior half on day 6, but by day 10 all 
parts of the intestine %%ere infiltrated with mast cells 
and at this time the majority of cells (>90°; ) were 
located in the intra-epithelial position. Control rats 
showed a higher base-line count of mast cells than 
did NIH mice, but the general pattern of the rise in 
cells followed that described above. Peak numbers 

during infection with T. spira!! s are comple' and 
difficult to measure (Castro, 1976). Two relatively 
simple patameters arc the numbers of mast cells and 
of goblet cells in the mucosa. and these parameters 
have been monitored o%er an extended period during 
and following primary infections in mice and rats. 

No: of worms recovered 24 h after 
Primary infection challcngc"%%ith 300 T. spiralis on day 14 

day 0 Mean sm. 

N. brasiliensis 600 larvae 112.5 73.0 
N. brasiliensis 600 larvae + 300 larvae day 7 104.8 47.8 
N. dubius 300 larvac" 137.6 x. 7.5 
T. spiralis 320 larvae 2.3t 2.4 
None 136.0 6.6 

*Anthelmintic used to remove worms before challenge. 
tMean significantly lower than control P <0.05. 

TADLE 7-EFFECT OF PRIMARY INFECTIONS WIT); Nippottronxtjiu5 brasilicnsis. NPntato- 

spiroid: s dubius OR T. Spiro/iS Uý SCBSEQI CST (HALLF AGE ýý tTH T. SpiroliS iý 1Iil ý1ICE 

TABLE ö-EFFECT OF A PRIMARY IMECTIOY WITH T. spiralis ON A SUBSEQUENT 

CHALLENGE WITH T. spiralis, 4Vippostrongplas brasiliensis OR R'cmatospiroides dubius 
IN NIHH MICE 

No. of worms 
Primary infection Challenge infection recovered after 

day 0 day 14 challenge 
Mean S. D. 

Group I (a) T. spiralis T. splralis 300 larvae 2.40 4.6 
(b) None T. spiralis 95.6 31.6 

Group 2 (a) T. spiralis N. brasiliensis 500 larvae 103.0 31.7 
(b) None N. brasiliensis 140.0 46.3 

Group 3 (a) T. spiralis N. dubios 300 larvae 248.0 5S"2 
(b) None N. dubius 252.0 41.0 

'Mean significantly Io%%er than control P<0 05. 
Group l: Killed 1 day after challenge. 
Group 2: Killed 3 day s after challenge. 
Group 3: Killed 10 days after challenge. 

%%, ere apparently reached by day 14 after infection, 
but the subsequent decline was much slo%tier than in 
mice and even by day 49 the mast cell count as 
nearly four times higher than controls. Whereas in 
mice the majority (90°; +) of cells were intra- 
epithelial. in rats the majority of the intestinal mast 
cells were located in the lamina propria and few 
(= 10°°) %%ere present in the intra-epithelial position. 

Goblet cells (fi; s. I and 2). 1n control mice a 
substantial number of goblet cells %% ere present in the 
epithelium of'illi and crypts. lloweser, there %%ere 
many more goblet cells in the former than in the 
latter. After infection the number o1 cells remained at 
control le%el until day S, but increased significantly 
between day S and day 10. The number of cells 
declined to control level by day 14 and remained at 
this level until the end of the experiment (day 3$). 
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During the rise in the number of goblet cells, and for 
several days after that, the size of the cells was 
increased, their mucus content stained strongly and a 
layer of mucus was present over the mucosa. These 
facts suggest that, at this time, mucus production was 
high. Even on day 14, when the number of cells had 
returned to control le%els, mucus production still 
appeared to be increased. Normal conditions were 
not apparent until after day 21. In control rats the 
number of goblet cells; villus crypt unit was higher 
than in control I`IH mice. After infection the 
number of cells had increased significantly by day 12 
and reached a peak by day 14. The number of cells 
remained high until day 21 but returned to control 
levels by day 28 and remained at this level until the 
end of the experiment (day 49). During the time of 
increase in the number of goblet cells and for several 
days after that mucus production was high as 
judged by the size and staining characteristics of the 
cells. Even when the numbers of goblet cells had 
returned to control levels. their mucus content was 
greater than in control rats and remained so until 
day 49. A thick layer of mucus was evident between 
adjacent villi from day 12 onwards. 

DISCUSSION 
The loss of T. spiralis from primary infections in 

both mice and rats is associated with gross inflam- 
matory changes in the intestine. These changes occur 
initially in the anterior half of the small intestine, 
where the worms are located, but then spread to 
involve the whole gut. It is well established that the 
inflammation is mediated by thymus dependent 
immune responses (\\'akelin, 1978) and is character- 
ized by marked cellular infiltration of the mucosa, 
(L. arsh & Race, 1975). In addition there are profound 
physico-chemical changes in the intestinal emiren- 
ment (Castro, 1976). 

Initial experiments shoed that challenge infec- 
tions. given shortly after expulsion of a primary 
infection \%hen the gross inflammatory changes had 
disappeared, ere expelled rapidly. «ithin 24 h. In 
mice this response to challenge as short-lied; 
challenges given more than 16 days after primary 
infection ere not sub; ect to rapid expulsion, instead 
worms were expelled more slo\%ly. In rats, ho%%c%er. 
the rapid expulsion response was persistent and Ni as 
shown to operate against challenges chen up to 
49 days after primary infection. 

This distinct difference bet een the species as 
evident also in the conditions necessary to elicit the 
rapid expulsion response. A proportionately larger 
primary infection as necessary to evoke rapid 
expulsion in mice (Tables 3 and 4) and this infection 
had to persist for at least 9 days in order to be 
efectise (Table 5). Indeed, as Bell & McGregor 
(197Sb) have shown, exposure to preadult infections 
lasting only 4S h will elicit rapid expulsion in rats 

g7 r 
sshereas this duration of infection is quite ineffective 
in \111 mice (Alitadch. unpublished results). Thus 
the difference bet«een mice and rats in priming for 
rapid expulsion cannot be accounted for by the 
minor variation %%hich exists in the courses of 
complete primary infections in the two hosts. 

In contrast to the species, differences in priming 
the expression of rapid expulsion seems to be 
similar in h(0i rats and mice. The data reported here 
shows that loss of wornms from mice occurred l ct«een 
1.5 and 6h after infection, a time course that is 
similar to that in rats (Russell & Castro, 1979). 
Rapid expulsion was effective against both small and 
large challenge infections (Table 6). as previously 
established for rats (Bell & McGregor, 1979x). 

The rapidity witlº''%%hich challenge infections are 
expelled suggests that either the intestinal environ- 
ment is so altered by the primary infection that 
conditions are unsuitable for subsequent parasite 
establishment, or that the intestine is primed in such 
a way that the stimulus provided by the challenge 
evokes an almost instantaneous response. The 
recovery at 1.5 h after challenge of an equisalent 
number of larvae from both immune and control 
mice (Table 2) might imply normal establishment, 
as it is known (Dcspommier, Sukhdco & Meerovitch, 
1978) that larval penetration into the mucosa is 
extremely rapid, but there are insufficient experi- 
mental data to justify this conclusion at present, and 
it is equally possible that the larsae rccosered sere 
in the lumen rather than in the mucosa. Thus both 
mechanisms of rapid expulsion must be considered. 
For this reason an attempt \%as made to monitor 
parameters of the inflammatory changes generated 
during primary infection in order to measure their 
persistence and their possible involvement in rapid 
expulsion. 

In both mice and rats infection resulted in raised 
levels of mast cells and goblet cells, but there \%ere 
significant differences in the time and persistence of 
these increases. In mice both cell types increased 

sharply before expulsion. %%hercas in rats the rise 
occurred as expulsion took place. Levels of both cells 
fell quickly after vorm expulsion in mice, goblet cclis 
reaching control levels by day 14 and mast cells 
betstecn da)s 28 and 35. In contrast in rats, goblet 
cell numbers did not reach control lesels until day 23 

and mast cell numbers were still raised at day 49.. As 
many more goblet cells \%ere present in control rats 
than in control mice, the maximum numbers reached 
during primary infection differed very considerably. 
It %\as striking in both species that the actual size of 
goblet cells increased during the infection and this 
increase persisted longer in rats, escn when cell 
numbers had returned to control lesels. 

it is tempting to relate the ephemeral rapid expul- 
sion response in mice'to the shorter duration of the 
cellular chant es associated %%ith intestinal intlamm3- 
tion. In these terms, rapid expulsion would be the 

; 11:: ý 
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ºlirect result of environmental changes arising during 
lite primary infection. lio%cever, it uas remarkable 
that the rapid expulsion response in mice was 
. txcific to T. spiralis challenge infections after 
1. spira! is primary infections (Tables 7 and 8), 
t+ºiming provided by N. duhius or by A. brasilietrsis 
roiled to induce rapid expulsion. Likewise priming 

ýýittº T. spiralis did not induce rapid expulsion of F 
these species. Thus, if rapid expulsion is dependent 

%. ºt infiam nation or changes in the local intestinal 

rusironment, these changes are quite specific. The 
persistence of the response in rats may be due to 
tNrsistence of cellular changes, the most marked of 
"hich is the increased number of mast cells. It is 
possible that these cells may exert a continuing 
uiltuencc on the goblet cell population. It is known 
that mediators released from mast cells can increase 
the production and release of mucus from gob, ct 
ýrlls. Such mediators can be elicited by the action of 
anaphylatoxins (Weir, 1974) or by IgE-mediated 
anaphylaxis following the introduction of antigen 
into the immune intestine (Lake, Bloch, Neutra & 
Walker, 1979; Lake, Bloch. Sinclair & Walker, 
1980). If it can be assumed that challenge larvae do 
provoke a reaction on entry into the intestine, and 
there is physiological data to support this (Castro 
el d., 1979), then the effects of mucus may be not 
only to act as a mechanical barrier to penetration but 
also to influence gut mobility, thus facilitating 
expulsion of the parasite. Lee & Ogilvie (1981) have 
presented evidence to show that the failure of 
challenge larvae to become established is due to their 
being trapped in the intestinal mucus of immune rats 
(possibly by antibody) and then being expelled by 
peristalsis. 

The data presented here show that there are clear 
species differences in ability to respond rapidly to 
challenge. lio%%cver, it must be emphasized that in 
mice, at least, there is esidence that rapid expulsion 
is genetically determined (Bell & McGregor. 19SOc). 
In addition, it is also known that mice nary in their 
ability to mount mast cell response to infection výith 
T. spiralis (Alizadeh & \Vakelin, in press). There is at 
present little evidence for strain differences in rapid 
expulsion in rats, but it will be necessary to examine 
a wider spectrum of strains before making general 
statements on the ability of the tsso species to make 
this response to infection. 
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