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INT!DUCTION 

NIjpO.tz'ongylus brasilienste is a natode which spends its 

adult lit, in the small intestine of rodents, especially the rat 

%ttus; norvegicus. It has a direct life cycle, there is no 

intermediate host. The eggs are passed out in the fasces and the 

worm develops as a free living organism until it reaches the infective 

stage. Infection of a rat takes place by the nematode larvae 

actively penetrating the skin. From the skin the larvae pass to the 

lungs and thence, through the air space., up the trachea and into 

the digestive tract. On reaching the small intestine d.veloiaent 

to the adult stage is completed. 

Rats which have already been infected by this worm are more 

resistant to subsequent infections than rats which have net already 

had this experience. This means that the first infection induces 

changes in the rat which, directly or indirectly, make it a less 

favourable environment for the worm. What these changes are; how 

they are induced, and how they manifest themselves against the worm 

are questions which cannot as yet be fully answered. 

The work in this thesis was based at its outset on the following 

questions 

Are any of the changes induced by a first infection which affect 

the course of a second infection, localized in the particular tissues 

that had been previously parasitized, or are these changes distributed 

generally throughout the body of the rat? 

Now if these changes which follow a primary infection are 
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regularly established in a particular definable region of the 

small intestine, then it is to be expected that primary and secondary 

infections would have different distributions within that organ. 

The analysis of this supposition leads to the formulation of 

the following subsidiary questions: 

1) Can a particular region of the small intestine be 

defined? 

How are the worms of a primary infection distributed; 

and are they distributed in a predictable manner? 

How are the worms of a secondary infection distributed? 

What effect does the life of the parasite in the 

skin and lungs have on the distribution within the 

small intestine? 

To what extent are the reactions against the worm 

governed by 	Immune processes? 

The work described in this thesis deals mainly with the first 

four of these questions, although some of the preliminary work on 

the fifth question is also described. 
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REVIEW OF LITRATtfl 

SYS?4ATICS. 

Travassos (19114) described a nematode which he named 

Fe1isomum krailiens. 

Tokogawa (1920) described a nematode which he named 

He1iosomum mflri3. Lane (1923)  proposed that as the genus 

Heliosomum typically has a ay4etrical txarea this won belonged 

to a different genus, for which he coined the name Nipoetrongy1us. 

It was under the name of Nippostrongylus muris that this worm became  

well known to helminthologista and when Travassos and Darriba 

(1929) pointed out that HqJi=os2W brasiliense and N. muris were 

the same species little notice was taken. The rules of nomenclature 

automatically demand that the adjective agrees with the noun and 

the name should have become Nippoetrongylus brasiliensis. However, 

many workers continued to use the old name of N • Iuris • Haley (196lc 

was unable to obtain the type material used by Travaseos or Yokogawa, 

but from measurements made on fresh material obtained from Brazil 

and Maryland, where the original isolations had beerieade, he confirmed 

that they were from the one species. He redescribed the species 

under the name Nippostrongylus brasiliensie (Travassos, 19114) 

Lane 1923. There was some confusion over the spelling of brasillenele, 

but Haley has followed Travassos in his later papers and substituted 

an 9 for the eatljerl A. In this thesis Haley's name has been used, 

even when referring to the work of authors who were under the 
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impression that the worm was named N. mur1. 

PSITION OF WOWS IN THE SMALL INTESTINE. 

Tassos (1914) and Tooga (90wa)  both described N. brasiliensie 

as being a parasite of the upper part of the small intestine, near 

the duodenum, of rate. Haley (196]) describes it as being a 

parasite of the duodenum and jijunum of rats • Several workers have 

reported that at the height of a primary infection the worms are 

found in the jejunum but that as the infestation ages the worms that 

remain are in the duodenum (Porter, 1935; Chandler, 1935). Sar].es 

(1939) noted that in a normal infection the worm were in the 

anterior third of the intestine at 14 days. Porter and Sarles 

appear to have assessed the position of the worms by naked eye. 

Chandler was more precise; he removed one to three inches of 

intestine at a time and examined the contents. However, he did not 

publish the numerical results he obtained, only some of the 

impressions he had gained. Sarles and Taliaferro (1936) and Chandler 

(1935) also noted that worms in a secondary infection are not 

distributed in the same way as in a primary infection. 

There are, therefore, sufficient grounds in the existing literature 

to asstzne that the distribution of N. brasiliensis varies with time 

and with the degree of immunity. 

Little work has been done on the distribution of nematodes within 

the small intestine of the host. As has been indicated above the 

work on N. brasiliensie is of a sketchy nature. Gureb (1949) studied 

the distribution of Trichinella spiralis in rats • He divided the 
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=all intestine into four parts and counted the adult worms in each. 

Tetley (1935, 1937), Andrews (1937), Davey (1938) and Sommerville (1963) 

all divided the small intestine of sheep into multiples of linear feet and 

counted the numbers of several species occurring in each section. Bull 

(1953) counted the numbers of Trichoetrongylus retortaeformjs in 5 cm. 

lengths of formalin-fixed rabbit small intestine. None of these last 

named authors allowed for differences in the total length of the 

small intestine and did not express their findings in terms of proportions 

of the total length of the organ. 

Holmes (1961) stretched the intestines of rate in a long pan and 

plotted the positions of attachment by ceetodea. He expressed his 

results as proportions of the total length of the organ. 

Wells (1962) devised a grid on which the small intestine of rats 

could be divided into proportional parts. The intestine was first 

stretched by hand and laid onto the grid in air. 

The type of distribution has not been well studied. Tetley (1937) 

described two types; norms], and non-normal; by which he mean compact 

and diffuse. Somerville (1963) has supported his findings. Gurech 04) 
described the distribution of T. spiralis as linear. 

PREPARASITIC STAGES. 

Tokogawa (1922) had thought that only one moult took place 

between the hatching of the egg of N. brasilieneis and the infective 

stage. bicker (1936) was able to show that two moults took place 

in this period and that the worm did not differ from other nematodes, 
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and had four moults. 

Toogawa (1922) described the early development of the worst. 

Eggs are laid at the 4 - 16 cell stage and become blastaaeres while 

still in the intestine. The rnorula stage is reached in about five 

hours and the tadpole stage reached soon afterwards • The first 

rhabditiform larvae appear in about twenty hours and this is closely 

followed by hatching. Lucker (1936) found that these larvae moulted 

between 36 and 48 hours after the faeces were passed. Both the 

first and second stage larvae appear to be active feeders. They 

migrate over suitable surfaces (usually upwards) away from faeces 

(Boardman, 1933). On reaching an edge they cease to migrate further 

and cement themselves by their tails to the substrate (Africa, 1931). 

Moulting takes place between 72 and 96 hours (Haley, 1962). The 

third stage, fi1arifoni, infective larvae remain in the second stage 

sheath, which is complete except for having lost the head end. The 

larvae are stimulated to leave the sheath by being touched or warmed 

(Parker and Haley, 1950). 

Yokogawa (1922) cultured larvae to the infective stage on 

damp  filter paper. Lucker (1936), Leigh (1956), mixed faeces with 

moist charcoal to obtain infective larvae. Barakat (1951) modified 

the damp filter paper method by placing the filter paper on a water 

permeable pillar of cotton wool,, thus keeping the edges of the paper 

free of water, though still damp. 

COUlZ OF PRIMART INFECTIONS 

Yokogawa (1920) and Africa (1931) showed that the best route 

of infection is through the skin and it is generally assumed that 
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this is the natural route. 

Tokogawa (1920) stated that after infection the larvae could 

be found in the blood, lungs, trachea and intestine, reaching the 

lungs in 14 to 20 hours after beginning to penetrate the skin, 

leaving the lungs after 50 to 65 ours and reaching the intestine 

very quickly after this • The third stage larvae moulted in the 

lungs and became fourth stage larvae. These moulted after they had 

reached the intestine about 90 to 108 hours after Infection. 

Tihy (1955) showed that the skin phase of the life cycle was 

not essential to the normal development of the-worm and larvae 

injected into the portal vein became normal adults after passing 

through the lung Into the intestine. In 1956 he showed that the 

phase of skin penetration could be bye-passed by sub-cutaneous 

injection of larvae. The effect of this was to cut one hour off 

the time taken for the larvae to reach the lungs. He found the 

first larvae in the .t11  intestine after 411  hours. Charib (1955) 

thought the route of migration from skin to lungs was by way of the 

lymphatic system, on the basis of having found a few larvae in 

lymph tissue • He did not take Into account the relative speed of 

transit that is likely through blood and lymph vessels. By the 

time the larvae reach the lungs they measure 6'i0 p long and 27 p 

wide (Yokogawa, 1922). The mean diameter of a pulmonary capillary-

is probably less than 10 p (Schafer, 1938). Thus larvae being 

suspended in blood will become arrested in the capillary bed. The 

literature does not reveal if the larva migrates out of the 

capillary before or after moulting, but in view of the closeness of 
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the capillaries to the air spaces it is probable that they remain 

where they are until after the moult, when they migrate into the 

air spaces. 

By 60 hours after infection most of the worms have reached the 

intestine (Twohy, 1956). The course of the infection within the 

intestine is dependent on the size of the initial dose, the age of 

the rat, the nutritional state of the rat and the inmninological 

experience of the rat. Africa (1931) showed that heavy infections 

did not last as long as light Infections. Africa (1931) and Graham 

(1932 ) shows4 that worms in younger rats produce more eggs than those 

In older rate. Rats on a lower nutrition harbour more worms for 

longer than do rats on normal diets (Porter, 1935; Riley, 1943; 

Watt, 1944; Wells, 1962). There are slight differences between 

strains of ire and rate (Graham and Porter, 1934). Rate   which 

have already had experience of the worm show resistance to further 

infection (Africa, 1931; Schwartz, Alicata and Lucker, 1931). 

Normal rats aged more than a few weeks and given between 1,0(Y) 

and 6 ..000 Infrtiv larvae behave in a reasonably consistent manner. 

In such rats Africa (1931) found that eggs appeared in the faeces 

from five to ix days and the numbers reached a peak two to five 

days later, after which there was a rapid decline and eggs disappearødT 

by U to 19 days. He noted that lighter infections lasted longer 

than heavier ones. He also noted that male worms survived longer 

than females. The number of worms in the small intestine rises 

sharply reaching a plateau by the fourth day after infection and 

remaining at this level until the ninth or tenth day, Series and 



-9- 

Taliaferro (1936). Haley and Parker (1961) showed that whatever 

the size of the initial dose there were only about 30 or 40 worms 

r.nalning in the small intestine by the twentieth day. In their 

presentation of their results they have apparently overlooked the 

finding of mote or less equal niznbers from their variously dosed 

groups and have concentrated on the fact that the percentage fall 

between the tenth tnd twentieth day has been in crude proportion 

with the initisi dose of larvae. 

Africa (1931), Porter (1935), Chandler (1935) and Sirlee nd 

Taliaferro (1936) all noted that in old primary ir4fectlon.i the vorms 

are almost exclusively males. 

Pá!9DGENESIS OF THE INTESTINAL PHASE 

Porter (1935) described the intestinal stages as occurring in 

clumps in the anterior part of the =all intestine; the heads of 

the worms being thrust deeply between viii. larles and Taliaferro 

(1936) also inferred that in norxial rats the heads of the orns wet's 

thrust deeply between viii. Porter (1935) thought the worms may 

feed on glandular secretions and stated that they eroded as far as 

the muscular coat of the small intestine. Lee (1964)  has shown that 

the worms erode the host tisue by the abrasive action of he cuticle 

in the head region. Davenport (1949) showed that the red pigment 

or the adult worms is haemoglobin but that it io spec'rographically 

distinct from the host's hasmoglobin. Taliaferro and Sarles (1942) 

described seeing red blood cells in the intestine of some worms. 
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Symons (1957, 1963 1960 1961) has studied th.-, biochemical 

pathology of the condition caused by this worm. He alo saw the 

worms clumped together in the smsilJ intestine in light infections. 

The infected part of the Intestine Increased in dI.meter and there 

is an increase in the amount of blood and tissue fluids present. 

There is a net efflux of ialine into the jej'inin due to interference 

with absorption. Digestion of proteins in the snii1 intestine is 

lowered; this being associated with a reduction in the amount 

of enteric enzymes and a relative reduction in the amount of 

pancreatic enzyme (Symons anc ?airbairn, 193). Taliaferro and 

-1es (193) described the Inflammatory reaction that developed around 

the site of attachment. They considered that it was a similar 

reaction to that seen in the skin and lungs except that, as the worms 

were not surrounded by tissue, they could not be enriosed, and no 

nodules ero formed. The worms damage the epithellum of the villi 

and t taesu1te in Increased mitosis in the erypt. The lamina 

propri becomes inflamed, with an increase of g1ohi1ar leucoeytcs 

(p1aa cells) tnd mast cells. The inflammation subsides after the 

ornis are sliminated. Wells (1962) showed that the rnmber of mast 

cells in the 1imina propr'ia fell during the first fifteen days and 

that over the same period the number of eoInophi1s ire-eased. $be 

considered this to be indicative of a continual r,lei,e  of histamine 

by the mast cells and of its detoxication by the eosinohils. 

SECONDARY INFECTIONS 

Africa (1931) and chrtz, Alicata and Lucker (1931) found 
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that rats which had had previous Infections of N, brasiliensjs are 

retractor'r to f.zrther infections. The effect of the hosts' resistance 

is to inhibit growtr, and egg laying of the worms a wel]. as the 

peak nuziber of 	tei- 'see !' 	fifth day (Chnd1er, 1932; 

3ar1es and Taltaferro, 1936). Africa (1931), Graham. (1933) and 

Rurlev (1959) have Cfl that the course of secondary infections is 

dependent on the sise of the primary infection, Secondary Infections 

'lowirg •r'a1i primary,  infections are more drawn wit than after larger 

primary infections. Chandler (1935) found that the rats 9howed the 

maximum resistance to secondary Infections when they were rethfected 

14 or 15 dws after the start of the primary Infection and that by 

30 days the resistance was slight. 

Chandler (1936) showed that 14orms which had ceased laying ec-ga 

In an old primary infection (Le. about 18 dayc after In!ection, and 

therefore possi' e'Ivalent to the condition of ';orms In a secondary 

Infection) could be stimulated to resume egg—laying and growth, thus 

InAi-ating that the eff'9ct on the lvn.rm,  was not permanent. 

S.d].er (1934, 1936) ind Charic'Lr (1936) found that idults 

transferred to the small intestine :)f  ;reviously uninfected rats were 

able tc stimulate a partial, resistance to reln!er'tion. 

Ta1Iaf'srr, and 3arles (1937- 1737 1939) described the pathology 

of secondary Infections In the ina1l intstirie of rats. In 533Cnc 

It was the same as in prtwiry Infections hit more rapid In onset and 

lees widespread (this being because less wormg are involved), though 

reaction lasts longer. An intense inf.ajtion involving the 

'hatognnous' cells of the lamina propria adjacent to the worms 



-12- 

takes place (i.e. involving leucocytes). At first the cells are 

largely made up of eosinophils, but these are al:ost vtholbr  

replaced by monocytes. After the worms have gone th inf1arimtion 

subsides leaving an increased number of globular leucoeytes (type 

of plasma cell) and mast cells. Wells (1962) did not find the 

number of eosinophile increased over those that followed a first 

infection but she did rind an increase in the number of mast cells. 

Spindler (1933), Donaldson and Otto (1946) and Wells (1962) all 

showed that the development of resistance was less in rate on 

deficient diets. 

)LE OF ANT I3ODIS 

Circulating antibody plays a large part in the resistance of 

rats to secondary infections. Although Chandler (1934) failed to 

demonstrate the passive transfer of immunity, Sarlea and Taliaferro 

(1936) and Chandler himself (1937) showed that serum from previously 

infected rats conferred some resistance on recipient rate after passive 

transfer. Sarles and Taliaferro (1938) showed that this resistance 

was directly related to the amount of serum transferred and was 

inversely related to the interval between infection and transfer of 

the serum to a new host. Series (1939) showed that when given to 

rate with five day-old primary infections serum from resistant rate 

could cause the removal of warns from the intestine. Taliaferro and 

Sarles (1942)  examined the pathology of passively immunized rate at 

intervals after infection. The inftinmatory reaction was intermediate 

in its intensity between that seen in a primary and in a secondary 

infection. They considered the changes observed after woven days 
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were due to the host having acquired an active immunity. Before 

this time the reaction involved at first a slight exudation of 

lymphocytes, monocytee and eosinophils; this is followed by the 

appearance of masses of pr*ipitate and fibrin 	Apart from the early 

appearance of masses of precipitate the pathological picture was 

similar to that seen in the early stages of a primary ,  infection. 

Sanes had earlier (1937) shown that larvae of this worm 

developed precipitates round the mouth, excretory pore and anus when 

placed in serum from a previously infected rat but not when placed 

in normal ser*m. Thorson (1951) showed that the secretions and 

excretions of larvae were able, on injection into rats, to stimulate 

resistance to subsequent challenge with the worms. 

Watt (1943) and Thorsen (1953) showed extracts of larvae could 

al3o stimulate resistance when injected into rats. Thorson (1953, 

1954) showed that the antigens in.the secretion and excretion 

preparations could be absorbed by immune serum; and that the antibodies 

in immune serum could be absorbed by saline extracts of lyophilized 

larvae. 

Weinstein (1955) treated rata to various regimes of cortisone 

,Itile actively immunizing rate with larvae • He fbund that there 

was a reduction in the inflammatory reaction at the skin when challenged 

with a secondary infection, but that this was not parallelled in the 

lungs and intestine, though the adult worms recovered were larger 

than in the untreated immune control rats. There was not a 

significant difference in the number of the adults recovered from 

the cortisone treated rate and the untreated immune controls • H. 
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did not measure antibody quantitatively, but found qualitative 

evidence for it being present in substantial amounts in all the 

immunized rats, 'whether treated with cortisone or not. 

Hunter and Leigh (1961 tried to transfer the iunity 

adoptively by taking lymph and spleen cells from rats which had been 

infected by the worm and transferring them to previously uninfected 

animals and then challenging with infective larvae. They did not 

show any evidence of having transferred iunity; but as with 

Chandler's original attempt to transfer immunity passively it may 

yet prove that their failure was due to tectnical sLortcomings. 

Harrison and Banvard (1947) have shown that in alimentary 

Salmonella infections in man antibody appears in the faeces before 

serum antibody appears, thus showing that antibody is being formed 

in the alimentary- tract Independently of the rest of the body. 

It is not known how local the areas of antibody production in the 

tract can be. 

Jackson (1960) labelled antibodies with fluorescein 

isocyanate and other fluorescent agents • He immersed infective 

larvae, moulting fourth stage larvae and adults in the sernm and 

found that precipitates in the digestive and reproductive tracts 

of adults, the digestive tract of larvae and between the cuticles 

of the moulting stages to be stained. This confirms the view that 

the secretions and excretions of the digestive and reproductive 

tracts of the worms are the common antigens, and also supports the 

view put forward for Hamnonchus contortus by Souleby, Sommerville 

and Stewart (1959) that moulting fluid is also highly antigenic. 
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The experiments on passive transfer only produced a partial 

immunity. 3a1e3ran6  Taliaferro (1936)  found large numbers of 

worms surviving at 28 days after a challenge infection, though the 

egg production had been such affected earlier. 

The experiments in which transferred intestinal stages were used 

to stimulate an active immunity also only produced partial resistance. 

Spindler (1936) recovered similar numbers of adult worms from his 

experimental and control groups. 

The worms in old primary infections and in secondary infections 

have been described as occupying different positions in the email 

intestine from those occupied at the height of a primary infection. 

The alimentary tract has been shown to possess some degree of 

independence from the rest of the body in the manifestation of 

Immunity. 

It is probable, therefore, that the email intestine of rate will 

show differences along its length in its reactions to N. brai].iensis 

and these differences will affect the way in rtiich the worms are 

distributed. 
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EIPERI€WAL OUTLINE  

Before starting on the main experiments of this work two experiments 

were performed to make egg-counts more useful in assessing the 

activity of the adult worm populations, Experiment 1 was designed 

to apply the now standard McMaster metod to the eggs of Nippoetronglus 

brasilieneis. Experiment 2 was aimed to provide information on 

the transit time of ingesta through the host animal so that egg 

counts made on faeces collected at the aims could be related in time 

to the parasite population in the small intestine. 

In Experiment 3 the method designed to divide the Small 

intestine into proportional parts was tested for reproducibility. 

The distribution of the worms in primary infections was first 

studied in Experiment 4 when rate which had been given 1800 larvae 

were killed on successive days after infection. In order to eliminate 

any possibility that at doses of over 1000 larvae the distribution 

of worms is markedly dose-dependent the distributions following doses 

of 1000, 2500 and 6250 larvae were compared in Experiment 5. 

In Experiment 6 rats which had been given a primary dose of 

2500 larvae were given a secondary dose of the same size and the 

distribution compared with similarly aged primary infections. As 

the rate in this experiment developed a high degree of resistance 

Experiment 7 was performed, in which rats were given extremely large 

seeDndary doses to see if the resistance could be broken down. In 

Experiment 8 both the size of the primary and secondary infections 

was varied. 
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The non-intestinal stage of this worm's parasitic life can be 

bye-passed in a rat by transferring to it worms that have 

finished this stage in donor rate. In Experiment 9 late lung 

stages were transferred and in Experiment 10 early intestinal stages 

were transferred. These two experiments were to test if the 

distributions in rats imimanized and/or challenged by the intestinal 

stages were similar to that seen in normally infected rats. 

It is possible that a worm which is highly immunogenic in adult 

hitherto worm free rats might be able to SUrVIVe in the wild state 

by inducing tolerance In very young rate. Experiment 11 was an 

attempt to demonstrate this Inmo1ogical tolerance. 
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MATa-UA, LS AND METhODS 

ATS 

The rats used in this work were the houded WisLar SLI*In of 

tamed ttus norveg1cu. They were obtained by the Moredun Institute 

from the ftwett Institute, Aberdeen. 

WOWS 

The strain of Nip, ostrongylus brasi1ienie used in this wrk 

was obtained from Dr. P.A.G. Wilson of the Department of Zoology, 

Edinburgh, who in turn obtained it from Dr. C .h. Hopkins of the 

Department of Zoology, Glasgow. Dr. Hopkins' strain probably came 

from the Wellcome Laboratories, London. Several Isolations of the 

worm have been ,made in America and records do not appear to have been 

kept. However, it is very probable that all the strains in this 

country did in fact originate from the United 3tate3, although 

Dudgeon (1922 ) has reported the worm as occurring in native British 

wild rats. 

CULTURE OF' INFECTIVE LARVA.D 

A very characteristic phenomenon of third stage larvae of 

N. brasiliensis Is the fact that they congregate at the edges and 

projections of the material on which they are being cultured. In 

this position they remain more or less quiescent in the sheath of 

the second stage until they are stimulated into activity by warmth 

or touch. 
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This property of the larvae can be made use of when culturing 

from eggs to the infective stage. Not only can the larvae be stored 

until suf"icient are available without their coming to any apparent 

harm over a period of a few tiiye but also if the edge's of the 

material are not contaminated with faeces the larvae can be 

obtained free of faeces simply by removing the edges from the rest 

of the culture. 

Two main types of culture have been developed: charcoal cultures 

and filter paper cultures. In the former, used by Lucker (1936) 

and Lei (1956) faeces are mixed with moist charcoal and cultured 

in a closed vessel. The larvae congregate in tufts on the upper 

projections of the charcoal. Tt is very difficult to ha—vest the 

larvae clear of faecal debris 1nd the charcoal itself tends to 

disintegrate into a fine dust. The advantage of thi' method is 

that the cultures can be stored for several weeks without serious 

deterioration. Rownver, the disadva&.age of contamination makes 

larvae from charcoal culture undesirable for subcutaneous injection. 

The latter method relies on the faeces being placed on a filter paper 

substrate. Yokogawa (1922) had cultured larvae on wet filter paper 

under about 2 mm. of water. Barakat (1951) described a method in 

which the filter paper was held clear of the wetter by a cotton wool 

pillar. Thus the edges were freo of the water and the larvae 

congregated on them. The whole culture was enclosed in a petri 

dish to preserve the high humidity. The larvae were harvested 

simp'y by dipping the edges but not the faeces contaminated centre, 

of the paper into warm water. 
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In this rørk it became apparent that Baracat 'a method had a 

practical drawback in that it was ti'ne comquming to set up a 

number of cultures on cotton wool pads and to ensure that the filter 

papers were ftrly beisneed and that they d1r not tip mtnd touch the 

Ltd or the base of the petri dishes; for if this happened the 

larvae did not stop migrating at the edge of the paper, but 

continued onto the glass and it was no longer possible to harvest 

them as clean larvae. If the cotton wool could be replaced by 

water absorbent flat pads this problem could be easily overcome, 

allowing for the setting up of a great number of cultures with no 

failures on account of tipping. The pulp boarding used to make 

commercial beer mats was found to be an ideal material for this 

Purpose. Fortunately, there was locally a printing works, Scottish 

Automatic Printing Comp'ny, Poltori Roue, Lasawade, Midlothian, 

which not only made pulp board beer mats for a brewery but also printed 

numbered discs for vrious 'smbling -.mes.  The firm iins abis, at 

very reasonable rates, to use its pulpboard rejects on the disc 

stamping machine and produce discs measuring 3.2 cm. diameter by 

2 am. thickness. Two of these discs  were used to support each 

filter paper of 6 on. diameter. The discs and filter paper were 

placed into petH. dishes. Because of the firmness of the mats 

enough water could be added to ensure the cultures remained moist 

for up to ten days without there being any danger of the support of 

the paper collapsing. ?'ashed faeces were placed in the centre of 

the filter paper as in Barakat's method. Moit of the larvae 
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used in this work were cultured by this method. 

As a further improvement it was found that filter pads retained 

moisture better than normai filter papers and in some of the work 

described these wer used to culture the Infective larvae. 

Wilson (1964) found that this technique of culturing on filter 

papers in petri dishes did not produce enough larvae for his 

purposes and he has developed a method in which folded filter paper 

strips are cultured in plastic sandwich boxes. This method has 

the advantage over the earlier method of saving much time in the 

setting up of the cultures. 

P!PAVPIOW OF LAV&L SM.PIPASTONS 

To maintain the culture of !(ippo strongyi a  brasiliensis in 

laboratory rats it was found to be most convenient to adopt a 

fourteen-day routine cycle. Infected rats have started to produce 

eggs In their faeces by the seventh thy after the administration of 

larvae and contrrie to o so in uReful numbers until the tenth da". 

Infective larvae are present four days after setting up cultures of 

frsh faeces. Thus it is possible to obtain infective larvae 

fourteen dare  after infecting a rat. 

The routine adopted was to infect rats on Tuesdays. On the 

following Monday- the rat cage w,uld be cleaned out so that only 

those faeces pellets passed from the Monday night until the Friday 

evening,were collected. Once or twice each day- the fresh pellets 

were removed and cultures set u:e. Most eggs were passed in the 

faeces on the Wednesday and Thursday so that on the following Tuesday 
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the majority of larvae were five to six days old. 

Larvae were harvested by dropping the cut edges of the filter 
0 

papers into 250 ml. of saline at 37 C in a conical sedimentation 

beaker, in which they were left for about two the beaker 

being fibrated o'caslonaUy to dislodge any larvae which had settled 

high up on the nides. Once the larvae had settled most of the 

supernatant was poured off, leaving i volume of between 20 and 40 

m. 

The 1.ir're were reuipended and transferred to 12 ml. 

centriftige tubes. The volume of the suspension was further reduced 

by spinning at 1300  r.p.m. for two minutes at a maximum radius of 

lI. cm. (Maximum 0 • 360). The supernatant was discarded and the 

larvae transferred to a 12 ml. grduated centrifuge tube and the 

volume made up to 10 ml. The number of larvae present in the 

iuspen3ionc was estimated by the following method: 

After vigorous &aking, 1 ml. of suspension was withdran into 

an all glass tuberculin syringe and washed into a 100 in].. - 

graduated flask. The volume of the contents of the flask was then 

made up to 100 ml. with water, the stopper was fixed and the 

diluted suspension thoroughly shaker.. About 2 ml.. was withdrawn 

with a clean pipette and transferred to the cell of anel-rm 

counting slide, the grid of 4ich covers a volume of 1 ml. The 

number of larvae under the grid were counted under a magnification 

of X 12.5. Ti procedure was repeated four times on the dilited 

suspension. If there were sufficient larvae present a second ml. 

of the original suspension was taken and treated similr1y. 
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The number of larvae remaining in the suspension was estimated 

from the formu' 

V X 1C 

Where W is the total number of larvae remaining, v the volume 

of the suspension in ml., c the count for each cell and n the number 

of cells counted. The counts for each cell would be distributed 

according to the Poisson series, provided the suepsn ion had been 

properly mixed • Thus as a practical check, proper mixing can be 

assumed if all the counts lie within less than twice the square root 

of the mean from the mean value itself. 

The volume of the suspension was then adjusted, either by adding 

saline to increase it, or by centrifuging and removing supernatant 

to reduce it, in order to obtain 10,000 larvae per ml. The final 

volume, U being calculated from the formula: 

U - w 

INFECTIO'N' 

The normal route of natural infection of rats by Nippostronylue 

brasiliensis is penetration of the skin by the infective larvae. 

However, Tohy (1956) has shown that sub-cutaneous injection of the 

larvae cuts one hour off the time taken for them to reach various 

stages of development but that there is no other noticeable effect. 

The main experimental drawback of skin penetration is the lack of 

certainty whether all the larvae or what proportion of chem enter 

the host, and this does not apply when larvae are injected sub-cutaneously. 



- 24 - 

To reduce the possibiLity of larvae being unable to enter the 

host it is necessary to shave the rat to allow the suspension to be 

Placed directly onto the skin, and to anaesthetise the rat to 

immobilize it to prevent, the auzpansion 	being shaken off 

before the larvae have begun Lo penetrate. 

In experiments in which it is more important to be able to 

compare, on a numerical basis, the parasitological experiences of 

'ach rat than to know that the path of natural infection had been 

strictly adhered to, it has been generally accepted as better to 

dispense with the active penetration of the skin by the larvae and 

in place to introduce the larvae passively by hy.odexiiiic injection. 

This has the advantage that the rats do not need to be shaved, that 

the dose can be made up in about 1 ml. instead of the much smaller 

volume necessary for the former method, that the rats do not need 

to be kept under prolonged anaesthesia and that the number of larvae 

known to have entered the host can be far more precisely deterdned. 

If an experienced handler was available it was not necessary 

to anaesthetize the rats to give them a subcutaneous injection 

V providLthe larvae were suspended in isotonic saline. It such 

help was not available light ether anaesthesia was used. The use 

of a large jar wiCri a pad of ether-soaked cotton wool was not 

satisfactory as the relative mixture of ether and air could not be 

controlled. it.its which had an overdo3e of ether developed 

respiratory distress due to the increased secretion of bronchial. 

aucu. This probably lowered the resistance of the lungs to the 

arrival of the larvae, for several routinely infected rats, which 
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had been coughing after the anaesthetic died 24 to 48 hours later. 

Once the ether was administered to the jar already mixed with air 

the level of anaesthesia could be finely controlled and only one 

in six hundred and fifty rats died from other-induced pneumonia. 

Before the thange the losses had been seven out of forty three 

at ri3k. 

The dose of larvae given to rats to maintain the culture of 

the worm species was based on the results of Hunterand Leigh (1961o). 

Although Hunter stated that the LD 50 of male and ramile rats 

differed his figures show an average LD 50 of 41 larvae per gram 

for both sexes. Larvae mere given at the rate of 39 larvae per 

gram up to a maximum of 10,000 larvae. Rats under 150 grams 

were not used. These doss levels have been found in over 300 

stock rats to result in few deaths and good returns of eggs. 

MAINTAINANCE :F INFECTED RATS. 

After infection each rat was kept in a separate cage. The 

diet was a standard rat and souse feed, which had been developed 

at the Microbiological Research Establishment, Porton, compounded 

into nuts measuring approximately 1 cm. diameter x 2 cm. length. 

Food and water, given in drop-bottles, were available in exeess 

of appetite. A layer of sawdust i  cm. deep was provided as bedding. 

At first the cages were of aluminium or zinc alloy and measured 

30 cm. x 12 cm. x 12 cm. high. These were not entirely satisfactory 

on the grounds that the rats were in too restricted a space. 

Later it became possible to design a larger cage, and this was 
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substituted for the alloy box. The base of the cage was an oblong 

polythene domestic basin. This was covered by a removable lid 

of P  mesh 'Welckesh' welded wire mesh (the apertures measured U s. 

square), see Fiirs 1. The lid was folded so as to clip over the 

edges of the basin, and to provide ,  a recess for holding the feed 

nuts and a water bottle. The recess for the feed nuts had three 

sides lined with sheet zinc and t. is provided a shaded 

compartment for the rat. (One of these cages, plus its place in 

a rack cost 15/-, whilst commercial cages were being offered at 

from 35/- including rack space). 

The cages were cleaned out twice each week as routine, and 

every day when the faeces output of the previous twenty four hours 

was needed. 

IDENTIFICATION OF RATS. 

To insure recognition in the event of any accidental mixing 

of the animals each rat was marked. The system used was to punch 

up to three holes in each ear; the positions being front, middle 

and back. The rats could then be recognised according to 

whether or not any position had been punched. As there were six 

possible positions the number of combinations involving at least 

one punch was (26 - 1) i.e. 63. It was never necessary to be able 

to distinguish more than 64 animals at any one time. 

Wbile being punched, the rats were under light ether anaesthesia, 

and the punch used was a chicken toe punch making a hole of about 

1 mm. diameter. 
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MUM  ilL 

Cage, measuring 33 cm . long, ?dcm. wide and Ili cm. deep, cesigned 
to hold one rit,. 
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Q couwritc 

It was found not to be worth while to set up cultures of 

Nippoetz'ony'1us brasiliensis eggs if there were less than 10,000 

eggs per gram of faeces. 

The beet method for estimating the number of eggs in faeces 

is dilution - flotation. This method, the best known example of 

which is the McMaster method of Gordon and Whitlock (199) involves 

a known weight of faeces being suspended in a known volume of 

diluent. The specific gravity of the diluent is such that the eggs 

can float but do not became damaged, in which event they would sink 

again. The number of eggs in an aliquot sample of the suspension 

provides an indication of the number of eggs in the original sample 

of faeces. 

Experiment 1 was performed to determine if any of six 

different solutions had any significant advantages over the others. 

The Optimal solution would be the one in which most eggs floated and 

in which least damage was done to the eggs on standing. 

EX?ERIM2IT 1 

"DETERMINATION OF THE OPTIMAL SOLUTION FOR DILUTION-FLOTATION 

COUNTS OF NIPPOST?GTLUS BRASILIENSIS WGS IN RAT FAECS 5  

xperimenta1 Plan 

Ten gm • of faeces were collected from an 10 gm • rat which had 

been infected 7 days earlier with 7,000 larvae. The pellets were 

steeped in water for some minutes and then mixed into a semi-fluid 

mass. Twenty four =all samples were taken and weighed, the mean 
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weight of these samples being 0.25 grams. 

Two hundred ml • of each of the following solutions were made 

up to the required specific gravity, which was measured using a 

floating hydrometer: 

Solution A 	NaCl. S.G. 1.16 
" 	 B 1.18  
" 	 C 1.20 
" 	 D 	ZnSO, 1.20 

" 1.25 
" 	 F " 1.30 

To find the solution in which most eggs would float, 30 ml. 

of each solution was mixed with each of three faeces samples and 

from each suspension eight chambers of McMaster slides were filled. 

The eggs ALoating to beneath the grids of those chambers were 

counted within ten minutes. (Counts on solution F were soon 

abandoned as it had become obvious that this solution was very 

unsuitable). The counts were corrected to a standard faeces weight 

of .25 grams. 

To find the solution in which the eggs were least damaged on 

standing, 30 ml. of each solution was mixed with one faeces sample. 

The eggs floating in four McMaster chambers were counted within ten 

minutes and again after three hours (Solution F was not included 

in this part of the experiment). 

Table 1 shows the plan of this experiment. 

Results 

The results from faeces samples 1, ii and iii, corrected to 

a standard weight of faeces, are given in Table 2. The low number 

of eggs seen in solution F indicates that this concentration of 



TABLE 1. 

Plan of Exp.rimsnt 1. 

Solution ?aees samples McMut.r chambers counted 

within 10 minutes after 3 hours 

1 	.32 go. A 8 - 

(Na C1 ii 	.21  
S.G. 1.16 iii 	.21  

iv 	.34 4 A,. 

B i 	.24" 8 - 

(Na Cl ii 	.2 	" 8 - 

S.G. 1.18 iii 	.20  
iv 	.23" 4 4 

C i 	.21" 8 - 

(MaCi ii 	.18  
S.G. 1.20 iii 	.29  

iv 	.44" 4 4. 

T) i 	.26" 8 - 

(Zn SC4 ii 	.15  
I.G. 1.20 ) iii 	.14  

iv 	.31" 4 4 

1 	.16" E 8 - 

(ZnSOI4, ii 	.23 8 - 

S.O. 1.2 1 ) iii 	.28  
IV 	.23" A,. A,. 

F i 	.21" 8 - 

(7,nSO4 ii 	,24" 8 - 

S.G. 1.3C iii 	.28 	" abandoned - 

iv 	.26 " abandoned 



TABLE 2. 

Counts, corrected to a standard faeces weight of .25 grams, 

obtained from faeces sample. 1, it and ill of solutions A to P. 

(Experiment 1) 

Samples Cells Sample 
Totals 

Treatment 
Totals 

Overall 
Total 

A 	i 44.06 53.44 42.19 45.94 50.00 58.75 49.06 48.75 392.19 
it 43.81 49.52 37.14 41.90 57.14 45.71 52.38 39.05 366.65 

iii 48.57 33.33 41.90 22.86 40.95 30.48 3C.48 46.67 295.24 1054.08 

B 	i 12.92 53.33 44.58 44.58 46.67 45.42 47.92 49.58 375.00  
it 48.57 50.71. 47.14 45.71 60.00 46.43 45.71 15.00 389.27 

ill 54.00 44.00 49.00 51.30 62.00 57.00 57.2 57.00 431.00 1195.27 

e 	i 52.38 51.43 65.24 70.00 60.95 70.95 58.57 50.48 480.00 
it 45.56 46.67 50.00 41.11  50.00 53.33 58.89 55.56 401.12 

ill 53.10 62.07 63.45 68.97 57.93 55.17 53.10 72.41 486,20 1367.32 

D 	i 41.15 55.77 39.23 41.15 47.31 37.69 39.23 40.00 341.53 
it 53.33 46.67 44.00 46.67 57.33 41.00  64.00 76.00 432.00 

ill 38.57 47.14 44.29 1.43 47.14 32.86 48.57 51.43 341.43 1114.96 

E 	1 50.00 3813 63.75 61.25 58.13 43.13 51.88 53.13 419.40 
it 33.91 41.74 38.26 31.30 41.74 41.74 46.96 47.83 323.48 

ill 40.00 32.86 34.29 44.29 48.00 50.00 34.29 42.14 317.87 1060.75 5792.38 

£ 	1 5.24 4.29 1.43 6.19 3.33 6.67 1.91 4.29 33.35 
it 8.33 7.501 5.00 9.17 4.17 4.17 5.00 3.33 46.67 



TABLE :3. 

The data from faces-sample iv of solutions A to B. 

(xpsrtment 1) 

Solution Counts of eggs in each chamber Proportional change 

10 minutes 3 hours 

A 82 77 - 	.061 
(N& Cl 72 71 - 	.011 
s.G. 1.16) 98 93 - 	.051 

77 76 - 	.013 
r4ean - 	.035 

B 65 54 - 	.169 
(NaC]. 71 65 - 	.085 
S.G. 1.18) 82 73 - 

77 71 - 	.078 
Maan 

C 106 95 - 	.104 
(NaCl 125 113 - 	.096 
S.G. 	20) 131 115 - 	.122 

134 115 - 	.142 
Mean - .116 

D 58 46 - 	.207 
(ZnOi, 57 49 - 	.140 
S.G. 1.20) 71 66 - 	.070 

85 83 - 	.024 
Mean - .110 

E 41 38 - 	.073 
(ZnSO4 37 34 - 	.08]. 
S.G. 1.25) 31 

56 
34 
53 

• 	.097 
- 	.054 

Mean - .02 
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the salt was rapidly destroying the eggs. Solution F was not 

considered in the statistical treatment of the data. An analysis 

of variance was done on the data from solutions A to 9 to determine 

if a significantly greater number of eggs were floating in solution 

C . 

The results obtained from faeces sample iv of solutions k to 

E are given in Table 3. As the purpose is to compare the relative 

change over three hours, these counts have not had to be corrected 

to a stanc ' ece8 3ample weight. An analysis of variance was also 

done on the proportional changes of each pair of counts to 

determine if Solution C caused significantly more damage than the 

others. The method used was essentially that of Snedecor (see 

Snedecor, 1956). 

If r is the number of McMaster chambers counted in each of 

I  samples, from each of t treatments, then the total number of 

chambers counted is rat; 	and if the number of eggs counted in a 

chamber is represented by 	, in a sample by E. and in a treatment 

by 	then: 

the correction factor C will be 

the mean chamber count I will be X/rst 

the mean sample count X3 will be TX/st 

the mean treatment count it will be X/t 

and the sum of squares, S.of S, of the deviations from the various 

will be: 
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S.of S. between chambers,, -  x2  will 	 (rst-1) D.of F. 

" 	between samples, 	will be:- 	 (st-1) 

" 	between treatments, 	willbe:- 	X/rs-C 	(t-1)
t 

 

" 	between chambers within 	 2 	2 
same samples:- 	 x -'X 	et(r-1) 

between samples within 	 - 2 - 2 
same treatments:- 	 > x -"x 	t(s-1) 

8 	t 
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Satiation and &yis o variance of data 
from samples I t  ii and iii of samples A to 3. 

(Experiment 1) 

!at1t ion of 
statistics 	

Zx 5792,38 

- 48.27 

• 290494.06 

2Y X2  - 10097.64 

27  X2 	2 . 5190-50 

ret B 120 

• 386.13 

a 2282434.90 

5!D7.14 

C • 279597.22 

•t- 2158.48 

Z4 • 6777645.37 

• 2$)L67 

2902..7 

Analysis of 
variance 

Tests of 
signi ft 

Source of 
variatiog S .of S No f P. Mean -,;au4re Components 

Between
treatment i 2804.6'? 4 01.17 

. 	7 C 	i 
Samples in 
treatment 5190.50 10 290.25 
chambers ii 
samples 2932.4 105 49.43 

1OTAI, _10897.64 U9 91.58 
2 	 2 	 2 

B 49.43 	0 	 a 3.10 	°Tt - 17.12 

Is çJ within the expected limit, of a Poisson 
d stri button? 

2. 
-'7- 
/U' (n • 1) 	• 1.827 (P>.25) 	Answer YZS 

Was the mixing of the faeces perfect? to. does 0-2 - 0? 

P(13..105 a 	 6.7 (P<..001) 	Answer NO 

Are there no significant difersnc.e between the 
treatments? i.e. doesa - 0? 

B 2.42 (P>,05) Answer YES 
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IAHE 5. 

Estimation and an1yis of varianceoof data froa 
faeces ewple iv of solutions A to E. 

(xperient 1) 

Zatimation of 
statistics 

Ix . 1.597 

I- .080 

>1i20 .207877 
t-  a 

2! 1ts .636783 

JX2 

n . 20 

- .319 

C .127520 

.080337 

2ix • .031676 

Analysis of 
variance 

Tests of 
significance 

Source of 
vation S.pf S s  D.ol' F. ¶an Square Coponente 

Between 
treatments .031676 4 .007919 t 4 O 

Within 
treatments .04M1 15 .003245 Cr 

TOTAL 1 .080357 1 	19 1 	.004229 	I 
2 - .003245 	 • .001169 

1. Are there any significant dfterencee between the 
treatments? i.e • does 't  0. 

?(4,15) • 	.t • 2.44 (P>.05) 	answer NO  
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None of the five solutions, A to B, with Specific Gravities 

ranging from 1.16 to 1.25 were proved c be significantly better 

for the purpose of floating e'-gs than the others • The failure to 

obtain complete muting of the faeces may have masked differences 

between the reatments. However, of these five solutions, NaCl at a 

Specific Gravity 1.20 is the most convenient to set up 	this Is 

saturated coemon salt at room temperatures. This experiment has 

shown, at least, that there are no serious dis—advantages to using 

saturated saltsa the flotation medium. 

EGG COUNTING TECMIQtrE  

The technique for counting eggs was standardized as follows: 

reh faeces pellets, weighing about .5 on . are 

collected from the rat. The pellets are accurately 

weighed, w. 

The psileta are broken up in 15 ml. of saturated 

NaCl 3olUtiofl S.G. 1.23. 

Chaxthers of McMaster slides are filled with the 

faeces suspension; the volume under -he grid of 

a chamber being .15 ml. 

The number of eggs,, C. under the grids are counted. 

The number of chambers, N, counted is 4 #  unless at 

least 50 eggs hve already been counted in less than 

4 chambers. 

The number of eggs (in thousands) per gram of faeces 

i- found by the forimilas 
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C 
1000 

As there need be no significant error in determining 

W or recording N, the error in the not:- od lies only-

in C. If mixing is complete C is dependent on the 

Poisson series and its standard error is JC. When 50 

eggs have been counted the standard error is 15L 

Estimation of the number of eggs passed by a rat in a twenty-four 

hour period does not provide an estimate of the number of es laid 

by the population of parasites in the rat during the same period, as 

no account has been taken of the transit time of the eggs from the 

small intestine to the anus. 

The ideal method to determine the number of scgs passed in twenty-

tour hours would be to collect all the faeces passed and to treat them 

as one sample. However, the surface of rat pellets does not remain 

moist for more than an hour or two after being passed. Eggs of 

(, brasiliensis can be seen to collapse by being left to dry under the 

microscope, and such collapsed eggs do not reform on beinc reiianersed 

in water. Therefore, to use the twenty four hour collection of 

faeces would mean that some of the eggs had already- been destroyed. 

The daily output of eggs was, therefore, calculated by multtplying the 

weight of faeces passed in the day by the egg count found in a fresh 

pellet of faeces. 

AU the pellets were collected at the same time each day and were 

stood for five minute' in water s  ab,nt 5 mm. deep. This allowed the 

pellets to soak up water to correct for that lost by drying. The 



pellets were then weighed. 

Whenever possible the egg counts were made on pellets taken from 

the rectum of the rat. When this was not possible the pellet that 

looked as if It was the one most recently' passed was selected. To 

take a pellet from the rat's rectum the animal is picked up by the 

right hand across the back, with the thumb and fingers in front of and 

behind the forelegs. If there is a pellet in the rectum outside the 

pelvic canal it can be felt with the thumb and forefinger of the left 

hand, by placing these on the skin on either side of the anus and 

gently pushing inwards and squeezing together. The pellet can be felt 

as a hard mass between the finger tip and thumb. The pellet is 

withdrawn by pushing the finger and thumb beyond the inner and of the 

pellet and than squeezing through the skin and at the same time 

drawing the left hand back, so that the pellet is forced outwards into 

the anus. Once the anus is dilated by the pellet the rat usually 

finishes the process itself, but if it, does not, continued drawing 

back of the left hand with the forefinger and thumb pressing together 

anterior to the pellet is sufficient to force the pellet completely 

through the anus. 

The most accurate estimate of the number of egs passed is to use 

the running average of the egg counts done at the bep.,inninp,  and and of 

the period in question. 

An alternative is 	use the sum of half the previous day's faeces 

output with half of the following day's faeces output, the egg count then 

representing the egg concentration half way through the period. 

To estimate the number of eggs passed by the worn population it 
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is necessary to have in estimate of the time taken for the eggs to pass 

from the =all intestine to the anus • This was determined  In 

E~tperimwt 2. 

EXPEID1gNT 2. 

THE E3TDI$210N OF THE TRANSIT TIME OF FOOD P101 THE !DU'N TO THE 

AW1 OF RATS. 

Two rats were fed with a stained food for a short period. The 

faeces were collected using an apparatus which recorded the time of 

passing. The mount of stained material in each pellet was estimated 

and expressed as a percentage of the total amount recovered • The time 

taken for 50% of the material to pass was determined. 

Speciai. metda 

The food was prepared from a standard diet by boiling some nuts 

In a 0.5 solution of Saffranin for ten minutes. After drying it was 

recompounded into nuts by baking with flour and water. The stained 

food was available to the rats for one hour, after which it was replaced 

by the normal diet. 

The faeces of the rate was colectad by placing the animal in a 

cage with a Large mesh wire bottom. This cage was placed over a large 

plastic funnel, diameter of spout 1.5 cm ., which in turn was placed 

5 cm . inside the circxnference of a horizontal hard board disc 125 ca . 

diier. This disc was on a turntaUe rotating through an angle of 

3600  in 24 hours. Thus the faeces pellets were falling onto a table 

moving 16 cm.. per hour. 	he pellets did not bounce or roll, except 
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those landing on their ends tell onto their sides. Thus the 

position of a pellet on the table provided an accurate indication of 

the time it was passed by the rat. The faeces were collected from 

the rats over a period of five day-s after feeding the labelled food. 

The faeces were suspended in water and after mixing aliquot samples 

were taken. 

The number of stained particles in the samples was counted under 

a magnification of X 50. 

At the same time Dr. B .S .W. Smith of the Biochnistry Department 

at Moredun Institute performed a similar experiment ozi three rats, to 
51 

which he gave 2 ml. of a solution containing Cr, administered orally, 

and then measured the amount of radioactivity in each pellet of faeces. 

EsuLts 

The percentages of the total number of stained particles that had 

been passed by given times are given in Table 6 as are the results 

obtained by Dr. Saith. 

The presence of fibre in the diet appears to have a very- important 

effect on the rate of passage of material through the alimentary tract. 

Rate 4 and 5 were both on fibreless diets and 50% of the labelled 

material did not pace until after 37 and 18 hours respectively and 100% 

had not passed by 100 hours after dosing. The other three rats all 

had fibre in the diet. More evidence is needed to determine whether 

the 50% transit time of 7 hours in !t 3 is due to simple variation 

between rats or to the labelled material being in solution and not, as 

in Fats 1 and 2, its being attached to the large fibrous material. 
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TABLE 
51 

Cumulative percentage recovery of stained fibre and Cr from 

faeces at intervals after administration. 

(cperimsnt 2) 

51 
Time of Stained fibre in feed Cr by oesophageal tubs 
passing. • 	M.R. Brambell B..W. Smith 

Rat 1 Rat 2 Rat 3 Rat i t 5 Hours after 
dosing (Normal (No (No 

diet) fibre) fibre 
NoNg.) 

4, 0 0 0 0 0 
6 0 0 27.2 0 0 
8 15.7 0 66.5 0 0 

10 38.4 13.8 812 0 0 
12 46.7 28.8 86.1 0 3.0 
14 60.7 40.8 92.4 24.7 23.0 
16 72.9 67.2 94.5 24.7 42.6 
18 90.0 69.7 96.5 24.7 50.1 
20 96.5 78.5 98.1 33.3 50.1 
24 99.6 80.5 99.4 33.3 68.9 
28 100.0 86.5 99.7 33.3 68.9 
32 93.0 99.9 46.0 81.5 
36 96.2 100.0 48.7 85.1 
40 98.7 58.5 94.2 
48 99.1 62.3 91.2 
56 99.5 72.6 95.8 
64 100.0 96.7 
72 78.5 97.5 
80 84.9 98.5 
88 88.7 98.7 
96 90,2 98.9 

lOu 91.0 100.0 
112 95.0 
120 96.3 

50% passed 
by approx. 12 bra. 15 u's. 7 hre. 37 bra. 18 bra. 
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However, it can be taken from these results that 12 hours is a better 

figure to take as 50 transit time than 24 hours. If it is assumed 

that most of the hold up of material is in the large intestine and 

that the stomach does not hold ingasta up for more than an hour or t. 

then 12 hours can be taken as an approximate time for half the eggs laid 

by the 	in the jejunum to pass. It can also be assumed that 

very few eggs take longer than 24 hours to pass. 

On these assumptions it is possible to get an estimate of the 

egg laying activity of the worm population twelve hours previously. 

The faeces passed between, say, midnight and sampling at midday, contain 

eggs laid before those on which the count was made, and faeces passed 

between sampling and the following midnight contain eggs laid after 

those counted. Thus to multiply the weight of feces passed during 

a calendar day by the eggs per gram estimated at midday provides an 

estimate of the number of eggs laid by the worm population from midday 

of the previous day to midday of the same day. As rats were infected 

nearer to midday than midnight the midday - midday twenty four hours 

is a more useful period to measure as it is a whole number of days after 

infection. However, this requires a knowlc'dge of the amount of faeces 

passed during the twelve hours after sampling, but this was impossible 

to determine on the day the rat was killed. To make the counts on 

all days comparable it was assumed that the weight of faeces passed during 

the period from midnight to midnight was the same as that passed from 

the previous midday to the intervening midday. 
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KnLDIG OF RATS. 

The quickest methods of killing rats generally involve breaking 

or damaging the central nervous system. This cannot be done in a 

non-premedicated animal without the haphasard stimulation of many nerves 

and thus considerable muscular activity for some moments after death. 

Muscular activity whether of the small intestine itself or as violent 

spasms of the diaphragm and abdominal wall might easily cause more 

violent movements of the small intestinal contents than is net with 

in a normal life. This would make it difficult to be certain that 

the moms had not been moved and would invalidate any results obtained 

concerning the position of the worms within the email intestine. 

Muscular contraction at death can be prevented by using 

curare-like drugs, a practice not much liked, or by slow induction of 

anaesthesia, preferably using a volatile anaesthetic • Careful 

induction of anaesthesia using an ether-air mixture is not difficult 

and narcotic excitement can be easily avoided. This method was 

adopted in this work. Once anaesthetized the animals were transferred 

from the ether-air inducing chamber to a jar containing a pad soaked 

in ether, the rats being separated from this by a dry cotton wool pad 

placed on top of the soaked one. 

Rats when alarmed or excited show no hesitation in urination and 

it is a measure of the success of this method of killing that as often 

as not the dead rats were found to have full bladders. There were 

no 'seronal petechiae or ecll)'moses and prior to death no convulsions 

were observed. Deith usually occurred between ten or fifteen minutes 

after induction had been achieved. 
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POST MORT! EXAMINATION OF INFECTED RATS. 

Once the animal was dead it was laid on its back. The abdomen 

and thoracic cage were opened by two incisions, made with blunt ended 

scissors, up either side from the midline of the Qs pubis. These 

cuts followed a line high up on both flanks and the ribs were cut at 

the same time as the skin. The skin flap removed included the site 

of injection, which was usually difficult to locate unless it had 

become secondarily infected. 

The intestines were removed with the stomach by cutting the rectun, 

the mesentery at their root and then the oesophagus. The spleen and 

pancreas came away with th i alimentary tract but the liver was left in 

the animal. The lungs were removed with the heart by cutting along 

the septum and then through the oesophagus and trachea at the base of 

the neck. 

The lungs, which were not always taken, were separated from the 

heart and thoracic oesophagus by teasing. 

The smIl Intestine was separated from the other viscera by very 

carefully pulling the mesentery so that it tore at the point where it 

joined the intestine. Provided the bile duct was recognised and cut, 

this procedure was not difficult. Once the small intestine was free 

of aesentery it was separated from the remaining viscera by cutting 

through the caecun round the ileo-caecal valve and across the pyloric 

region of the stomach immediately next to the pyloric sphincter. 

Figure 2 shows 	in semi diagramatic form the relative position 

of the main anatomical features of the small intestine. The organ 

begins at the pylo:-ic 3pi1cter and ends at the ileo caecal valve. 
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Near to its anterior end the bile duct opens at the sphincter 

of Oddi. Along the length of the amai..1 intestine are masses 

of lymphoid tissue which can easily be seen, the.-to are Payer's 

patches. The mesenteric attachment has a few features, the 

duodenum is supported in the mesentery of the colon and at the 

posterior" and of the duodenum the dorsal part of this mesentery 

Is very short and can be described with a reasonable amount of 

precision. The rest of the mesenterv is almost uniform. The 

blood supply to the intestine passes through the mesentery. 

In order to describe the position of a worm, etc. within t} 

small intestine a satisfactory- anatoinieil reference point would 

have to be taken from arwrngat the features just described. It 

would have to recur in the same position relative to both ends of 

the orgn in each rat and it should be as near the half way point 

as possible, in order to minimise the effect of experimental error 

in measurements on tlr,e calculation of its relative position. 

Clearly there Is no suitable structure, as is shown below: 

" The terms 'anterior' and 'posterior' are used in the zoological. 
sense of the head being 'anterior' and the tall. 'posterior'. They 

are not synonymus with ventral and dorsal as in human anatomy. 
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Position of Bile Duct 

In in adult rat the bile duct opens 4 - 5 cis. from the 

pyloric sphincter. The length of the whole of the small 

intestine is 100 120 ems. Thus a very "mall error in 

the measurement from the pylorus could very seriously upset 

the proportion of the lengths of the small intestine anterior 

and posterior to the opening. 

Position of Short Mesentery 

The short mesentery is not a structure of the email 

intestine itself but of a separate, although closely applied, 

organ. The aesiaption has been made, therefore, if this 

strucure is used as a reference point, that the same part of 

the small intestine is abmys closest to it. However, this 

or-an is only 9 - 10 cm. from the pyloric sphincter and, to 

a lesser degree, has the same drawback as the bile duct. 

Peyere Patches 

These are p"ecise structures in the intestinal wall. They 

do not, however, occur in a pattern which can be recognised in 

individual rate, though evidence will be presented to show that 

there is a discernable pattern in the distribution of these 

structures. There are usually about 20 of them in young adult 

rats, but this number is likely to fail as the rat ages. It 

is not possible to select any particular patch and use it as a 

reerence point. 

Meckels Diverticuluni 

This vestige of the junction of the embryonic gut and the 
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,dtX sac stalk is expected to occur somewhe re in the region of 

the junction o' .  the ileum and jejunum. It is well known 

in man (Arey, 1937) but in this work a structure which might 

be Meckel 'a divorticuiwn has only been seen in one rat 

(Figure 3). This structure occurred almost half way along 

the small intestine, and would, had it been a more frequent 

occurrence, have been a highly suitable reference point. 

Blood Supply  

Figure 4 shows drawings of the blood supply to the small 

jnte3tine in two rats • It is clear that this feature is not 

suitable for providing reference points. 

As there are no suitable points along the small intestine the only 

remaining way of fixing the position of any point in the organ is to 

find its relative position direct from the two ends, while the intestine 

is placed under standard conditions. 

In this work it was thought that it would be useless to attempt 

to fix a position witv any accuracy unless the intestine was in a 

standardized state of contraction. It is known (Clark, 1952)  that 

adrenaline in low concentrations causes the muscles of the wall 

intestine to relax. A totally relaxed small intestine can be regarded 

as being in a standard state of (zero) contraction. In order to 

measure the distances from the two ends of the relaxed intestine it is 

necessary to have it straight and this requires a certain amount of 

tension. Small c anges in tension have a marked effect upon the 

length of the intestine and it was therefore necessary to use a 

standardized tension 'Eien straightening the organ. 

To relax the small intestine and apply the standard tension a 
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FIGURE 3. 
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Drawings of two samples of small intestine to demonstrate the unsuitability 

of the blood supply as an aid to the slabdivi3ion of the organ. 
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special apparatus was developed. In essence it was a bath 150 cme. 
0 

long in which the adrenaline saline could be maintained at 37 C. 

Inside the bath was the subsidiary apparatus with which to apply the 

tension .  

The bath was made from plastic rainw-iter guttering which was both 

lit :nd eadily available at a suit1e length. The tun ends were 

blocked, and at one a V-shaped overflow was provided. The bath was 

connected to a thermostatically controlled circulating pump and 

O.ftf saline contairth4 1Uion Adrenaline, was passed into one end 

and recollected from the other (Figure 5). 

The tension applied was 5 gra.ris. This was applied by hooking 

the part of the stomach still attached to the anterior end of the small 

intestine to a fixed hook and the part of caecum still attached to the 

posterior end to a hook on a collap3ible spring. This spring wa 

made of phosphor-bronze wire and its collapsing stress was tested at 

intervals (see Figure 5). 

Drawn onto the floor of the bath was a grid which enabled relative 

positions on intestines of different 1encths to be seen at a glanc.. 

The usual number of subdivisions made was twenty and the grid wie 

marked out to show twenty equal subdivisions of intestines ranting in 

length from 10 cms. to 160 c :,. - . 	This p'rid is also Thown in Figure 5. 

[In the course of the work It was convenient to have a 

concise and distinct name for this relaxing bath. Any 

adequate technical term would have been lengthy and a name with 

classical relevance was sought. The Etruscans used more 

elaborate and complicated systems of divination than did the 



)85% NaCI +j.4'M Adrenaline at 3tC 

A
phosphor bronze spring 

(collapses at tension of s gm) 

V 
return to reservoir 

Gouge toaid in dividing intestine into 20equal ports 

FIGURE. 

Hariepicator: the apparatus in which the sraU intestine or rat3 can be divided 
into prcportienl parts under stindard cond.itioni. 
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Roman augurs. One of the methods they were reputed to have 

learnt from no less a person than Jupiter's grandson, Tagus, 

was to examine the entrails of slaughtered animals. The 

men who did this were known as the 'haruspics' and by the 

time of the Rrnan ftpJ.re the -,a had organised themselves into 

a proesstonal 'coUagiumn haruspicormm' of sixty members. 

The college was never a state priesthood but rather an 

august body of salaried expert advisers. What finer footsteps 

to follow? And ut could be more useful in aiding the 

examination of entrails by a modern haruepex than a 

Haruspicator. The lily of the gutter has been truly gilded] 

1ecause of the absence of uitaUe 'landmarks' along the length 

of the email intestine the only tests of the method for dividing the 

intestine are firstly to be sure that the same intestine behaves 

consistently under the treatnent, and secondly to see if the results 

obtained on the distribution of the uom species being examined are 

in any way reproducible. 

Eperiment 3 was performed to tent whether the same intestine 

behaved consistently- under the treatment, and opportunity wa taken to 

show that it behaved inconsistently under other retrnents. 

EXPETINE!q'r 3. 

TO TEST IF THE SMALL INTESTINE OF RATS REHAVES IN A COSITENT FASHION 

WHEN REPTE!)LY PIJ%CED INTO THE 1 ATY3PICATO!1' 

Expe  rimental Plan 

This was a composite experiment designed to show: 
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C 	that the same small Intestine when replaced at interval3 
into the Haruspicator relaxed in a consistent mariner. 

and that other treatments gave rise to inconsistent results. 

(ii) to find how the amount of error obtained varied at 
positions slang the =all intestine. 

Part (1) was performed on each of three fresh specimens of rat 

ill intestine. Part (ii) was performed on four specimens of sm all 

intestine. 

Special Metr.ods 

In Part (i) the intestines were first placed in the Haruspicator 

and an entomological pin was fixed at the position half way- along the 

length of the organ. The intestines were then subjected in sequence 

to the treatments siarIsed below. 
0 

Haru3picto: 	 1/500,003 Adrenaline in 3.58% Na. at 37 C, 
under tension of 5 gms. 

Haruspicator - Tension as above but no tension applied. 

Saline 	 as Haruspicator but no adrenaline 

Air 	 held in air and gently- laid onto a wet bench for 
measuring. 

Air and Tension 	held in air,  in,2 'ufled straight by hand before 
laying on bench. 

Air and Dry Bench 	as in Air but laid onto a dry,  bench. 

Cold Water 	 one minute in cold water before measuring. 
0 

five minutes in refrigerator before measuring on 
wet bench. 

Fbrmalin 	 measured on wet benc after fixing in i% 
Fbrinaldehyde saline. 

In 'art (ii) four specimens of rat intestine were placed in turn 

into the Haruepicator. Each was straightened under the standard conditions 
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and marked with five pins placed at so ual intervals, i.e. 1/6, 2/6 9  

3/6, 4/6 and 5/6 along, the length from the pyloric sphincter. 

Tension was then relaxed dnd after about one minute, this time was not 

measured accurately, tension was reapplied. This was repeated ten 

times on each intestine and the relative positions of the five markers 

on each occasion were measured. The Haruspicator is marked out in 

centimetres and the small intestine lies about one eentt'netre above the 

scale. Because of parallax it is not very practicable to measure 

with confidence to nearer than half a centimetre. If the scale was 

more refined and adiustable so that it could be brought exactly alongside 

the inte$stine the accuracy of measurement could be improved. "owever, 

this would involve the risk of the into.—tine touching the z3cale and 

not being free to find its own tn,ttton 	&s it j,  the mst'od 's 

accuracy lies to the nearest half centimetre. 

5ul ts 

The results of Part (1) are riven in Table 7, and the reqults 

obtained from Part (ii) are river in Table EL 

As measurements were only made to the nearest half centimetre it 

was not lwys possible for a point along the intestine to be accurately 

measured. Thus if an intestine that was originally 110 ans. long had 

its half way point marked at 55 cms., and if at a subsequent measurement 

its length was found to have increased to 1.10.5 ans • the position of 

the half rpay marker cu1d not be recorded as 55.25 cmz. but either as 

55.0 or 55.5 ems. 71us in the six comparisons of treatment in the 

Haruspicator in part (1) all the half-way markers we e as close as 



Tht.s.. 	Pyloric Total 
tineSphincter length 

to Mark 

H 	(c) (cm) 

1 58 116 

57 
55 
	

1104 
54 
	

1084 
50 
	

10]. 
574 
	

1154 
59 
	

118 
48 
	

98 
59 
	

1214 
62 
	

128 
60 
	

120 

2 

59 
58 
4, 
60 
53 
60 
50 

WO 

118 
117 

974 
121 
136 
1211  
103 

3 
	

M. 

51 
65 
57 
65 
63 
68 
68 
66 
534 

1014 
130 
117 
130 
124 
1354 
1334 
132 
108 
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TAKS P. 

eeu1ts of Part (1) of Ebeperimeft 3. 

fb)x (p/2)- a (2Od/b)) 
100 	 1 1 :100 
() 	 I 	() 

50 0 I 	- 

(by definition) 
50.2 - -4.4 
9.8 4.5 

49.8 4.6 
49.5 9.9 
49.8 4.3 
50 0 0 
49.0 1 20.4 
48.6 li 28.8 
48.4 2 31.3 
50 0 0 

50 0 - 

(by definition) 
50.4 4 - 8.5 
50 0 0 
48.7 lt 25.6 
50 0 0 
5C.2 .4 -4.7 
49.8 4.1 
49.0 1 19.4 

50 0 - 

(by definition) 
50.2 .4 -4.9 
50 0 0 
48.7 1.4 .25.6 
50 0 0 
50.8 -1 -16.1 
50.2 4 - 3.7 
50.9 -1 -18.7 
50 0 0 
49.5 .4 9.3 

Treatment 

)iaruapicator 

Air 
Cold Water 
Saline 
Cold Water 
Air 
Air and Tension 
40C 
Air 
Air and Tension 
Haru3picator 

Raruspicator 

Air 
4°C 
Raruipicathr-Tension 
Harupicator 
Cold Water 
Raruepicator 
PbrM.lin 

Maruapicator 

40C 
Ra rue pi ca to r 
Cold Water 
Haruepicator 
Air 
Air and Tension 
Air and Dr Bench 
Raruepicator 
Pbiealin 
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TABLE& 

The results obtained from part. (ii) of Experiment 3. 

The measured positions of markers originally placed at intervals of one sixth 

of the length of rat small intestine after each time the intestine had 

been withdrawn and reimnersed into the 'Haruepicator'. 

Intestine Initial 
length 

Length on 	Deviations 
relflea8Uring positions, 
intestine  

of markers fras their theoretical 
expressed as % of total length. 

1 	2 	3 	4 5 

4 114 	114 0 0 ..4 0 0 
114 0 0 0 0 0 
114 0 0 0 0 0 
114 0 0 0 0 0 
1145 -.1 -.3 -.2 -.3 +.l 
115 -.2 -.3 0 -.2 -.3 
US -.2 -.3 0 -.2 -.3 
115 -.2 +.2 0 -.2 +.2 
115 -.2 -.3 0 -.2 •.2 
115.5 .2 0 •.2 0 -.2 

132 	132 0 0 0 -.4 0 
132 0 0 0 -.1 0 
132 0 0 0 0 0 
13 0 0 0 -.4 0 
133 -.2 -.2 -.4 -.5 -.2 
133.5 -.2 0 -.2 -.4 -.1 
133.5 -.2 0 -.2 -.4 -.1 
134 -.3 -.1 0 -.3 -.5 
134 -.3 -.1 0 -.3 -.5 
135 0 0 -.8 -.7 

6 	1 123 123 0 0 0 0 0 
123 0 0 0 0 0 
123 0 0 0 0 -.4 
123 0 0 0 0 -.4 
124 -.2 -.2 0 -.2 -.2 
125 ..l -.1 0 -.3 -.1 
125 ..l -.1 0 -.3 -.1 
126 0 0 0 0 0 
126 0 0 0 0 0 
130 -.2 +,2 0 .2 -.2 



117 117 0 0 0 0 0 
117 0 0 0 0 0 
117 0 0 0 0 0 
117 0 0 0 0 0 
119 +.1 -.1 0 -.3 -.5 
119 +.1 -.1 0 -.3 -.5 
120 0 0 0 0 
120 3 0 0 0 0 

..2 -.4 -.o -.2 
121.5 -.2 0 -.2 -.4 -.6 

Zx -.25 -.14 -.14 .70 -.56 

Ix2  .,1 .4 .84 3.08 2.68 
32 

.J .014 .022 .079 .069 

.13 .12 .15 • 2$ .26 

7 
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it was possible to measure to their theoretical. position. Meanwhile 

in the other treatments the marker was only sometimes in its expected 

position, and the results were not coneisent. This consistency of 

the results obtained through using the ruspicator was borne 

out in part (ii). In this part it can he seen that the maortty of 

deviations from the expected position are neRative. This was 

because as the irtestine slowly lengthened with repeated handling the 

increase in length was less at the intermediate points, thus the 

whole intestine could lengthen from UO to 110.5 cms • but none of the 

intermediate markers would have moved sufficiently for their position 

not to be measured as being the same as before. Nevertheless, even 

after repeated reiiemers ion in the Harusptcator when the intestines 

were beginning to become longer through stretching the markers were 

very close to their theoretical psition. The standard deviation 

of each of the markers was about .2% of the whole length, i.e. about 

4% of the length of a 1/20th section of the intestine. 

This method of subdivision of the small intestine relies on 

measuring one dimension and then dividing this into the appropriate 

nziiber of sections. Ultimately the distribution is a function of 

three dimensional geometry. In an organ like the email intestine 

two of th" dimensions are so email and comparatively invariable that 

they can be ignored. In this respect the sll intestine is an 

easier organ to use than others, although the few attempt -it 

describing the distribution of a worm have been made with or'ane which 

have a more or less standard outline when laid out in two 
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dimensional form (Sommerville, 1956, 1963). Indeed even when 

describing the distribution of £3runner's glands in the human duodenum 

Landeboe-Chri ten :on (1944) xpres.ed hio results in relation to the 

t-dimensiona1 outline at the organ. ; :owever, two dimensional 

plotting of the distribution can only occur where the major 

indentations and prominences of the outline and the principal subsidiary 

structure all occur in the same relative position in every specimen. 

Clearly this is not possible in the smell intestine and the method of 

'har'npication' has provir'd a way of ecpres$ng the distribution 

within a single specimen. For evidence that the method allows 

comparisons between specimens to be made ,the results obtained from 

the worn distributions, especially in Ex.perilaez4t 4, must be examined. 

RECOVERY OF WO1S. 

Once the small intetirie has been relaxed in the 1aruspicator 

it is possible to mesure the positions of the a.rbitarily chosen twenty 

subdivisions of the organ. These have to be marked as they cannot 

be cut in situ bscause once the first cut is made the tension is 

released as that the positions for further cuts are lost. The method 

of marking was to transfix the intostiLe at the boundaries of the 

subdivisions with entomological pins. This had ine added advantage 

that the pir. ,7 prevented any movement of contents from one section to 

another during the subsequent ha;dling. As soon as the nineteen pins 

were in place the intestine was lifted out of the beth and placed 

on a white enunel tray. 

The mibdivisiOn5 were cut off from each other by running the 
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blades of scissors along the posterior side of the pins. Any 

spillage of contents was easily seen against the white background and 

it proved to be very easy to keep the subdivisions and their contents 

quite separate from each other. 

The subdivisions were transferred to open Petri dishes and any 

spillage was pipetted from off the enamel tray -ind placed into the dish. 

The  subdivisions were opened by cutting with scissors along the line 

of the mesenteric attachment and laid out in the dish with the ntucosa 

uppermost. The contents and rnucosa was then scraped from the muscular 

layers with spatulas. When all the mucosa had been removed the 

muscular layers were lifted out with forceps and placed onto pieces of 

flat glass. At all stages of this process the instruments and the 

muscular layers were washed to prevent any worms being removed from the 

dish • The muscular layers were examined under a dissecting microscope 

at a magnification x 250  to see if any worms were still attached. 

If so, these were picked off with a dissecting needle. 

A count of the number of Peyers patches in the subdivision was 

also taken at this stage. These organs are on the antimesenteric side 

of the intestine, hence the opening of the sections by cutting along 

the mesenteric side. 

The material left in the petri dish was made up of numerous lumps 

of mucosa nd intestinal contents and before the worms c uld be picked 

out this material had to be broken down to a moderately even suspeision. 

It was found that pumping the material in and out of an all glass 20 ml. 

syringe with a nozzle measuring 1 mm. internal diameter did not damage 

fresh tnfixed worms. This action very effectively broke up the 
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mucose and clumps of digseta, releasing the worse Into the suspension. 

The material was then transferred to rectangular 'Perspex' 

searching trays marked longitudinally with lines b  em. apart. 

Provided the material was only about 2 sin, deep all the worms could easily 

be seen and picked out on a dissecting needle or in a pipette. The 

interruptions to the search caused by picking out the worms often 

resulted in 'he direction the tray was being moved being fbrgotten. 

To overcome this hazard the trays were marked with arrows between the 

lines. 

It was considered to be more satisfactory to separate the worms 

from the other debris before attempting to differentiate and count them. 

Once all the worms had been recovered, and this was ascertained 

by doing a econd search of the material, they were fixed in a Glycerol, 

Ethanol, Fbrmalin mixture and stored. 

These processes ipould be interrupted at any stage after the 

subdivisions had been separated on the enamel tray, by transferring 

the material, to bijou specimen bottles (glass with metal screw-on tops - 

capacity about 8 ml.) and placing in a deep freeze cabinet at -20°C 

for indefinite periods. This did not cause any visible damage to the 

worms but did kill them (though one worm was still alive after being 

frozen in water for fourteen days). 

DIFFERENTIATION OF WORM. 

Worms of the species Nippostrongylu* brsailier*sis reach the small 

Intestine as 4th stage larvae. There is very rapid and marked growth 

at this stage until it reaches the period Ithe last moult. After 
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moulting the fifth stage larvae grow even more markedly to become adults. 

The newly arrived 4th stage larvae are generally coiled by the 

time hey are examined. They are mnall and their sex cannot easily be 

determined. At the time of the last moult it is not easy to 

distinguish larvae that are moulting from tiose that are about to 

moult on one hand and from those that have just moulted on the other. 

Further, it was felt that if the method of breaking up the raucosal bris 

was going to alter any stage of the worm it would alter the moulting 

stages. Consequently, the larvae that are in the period  around moulting 

have not been differentiated. Such larvae could easily be sexed and 

for the purposes of this work were included with adults. It is possible 

to distinguish fecund adults from non-fecund ones on the basis of the 

presence or absence of eggs and sperm in the two sexes. It i felt that 

the only satisfactory non-subjective may to distinguish the various 

stages of immaturity between entering the last moult and he adult stage 

is to measure the worms with the aid of a camera lucida and the material 

has been kept for this purpose. 

Figure . gives a diagrammatic representation of the various stages 

of this worm's life cycle. It is not possible to give the time scale 

as well as this depends on the state of resistance of the host. 
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EXPERIMENTAL 

DISTRIBUTION OF PRIMARY INFTI0Ns. 

EXPRD(ENT 4, 

THE DISTRIBUTION OF NIPPOSTII)11YL1J3 BRASIIIENSIS IN THE SMALL INTESTINE OF 

RATS ON SUCCESSIVE DAYS AFTER THE START OF A PRIMARY INFECTION BY 

1800 LARVAE. 

Eqe rime nta.]. Plan 

Sixty rats, 30 males and 30 female-,, were Used. At the start 

(Day 0) the rats were 120 days old and the wights of the males were 
+ 	 + 

221 14 gm • and of the females 190 - 12 gm. Two rats of each sex were 

kept as uninfected controls and the remaining 56 animals were given 

1 ml. of a suspension containing 1800 infective larvae of N. brasilieneis 

per ml. on Day 0. During the experiment the daily output of faeces 

was collected and egg counts were made on the last pellet produced before 

the cages were cleaned. The numbef eggs passed par day was estimated 

for each rat. 

One infected animal from each six was selected at random and killed 

on each day after infection, from Day 1 to Day 27, the remaining two 

animals being killed on Day 30. 	A control animal was killed on each 

of Days 0 9  10, 20 and 30. The worms in each of the twenty sections 

of the small intestine of each rat were counted and classified according 

to sex. 

Results 

Table 10 Suninarised data derived from egg counts. 
Table U Worms recovered from each section on each day. 
Table 12 Principal parameters of worm distribution in each rat. 
Table 13 Sex distribution of worms. 
Table 14 Fitting of distribution data to Normal, Binomial and 

Poisson series. 
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TABLE 9. 

Plan of Experiment A,. 

Day 
Control 
Egg Counts 

Infected 
Egg Counts 

Control 	1' 
Rats Killed 

Infected 
Rats Killed 

0 	Rats infected) 4 56 1 
1 3 56 id'i? 
2 3 54 1l 
3 3 52 
4 3 50 21 
3 3 48 1l 
6 3 46 11 
7 3 41,. 
8 3 42 
9 3 40 111 ,  

10 3 38 1 11 
II 2 36 ll 
12 2 34 1 	1 
13 2 32 11 
14 2 30 11 
15 2 28 1 	1 
16 2 26 11 
17 2 24 1l 
18 2 22 1 	1 
19 2 20 1 	1' 
20 2 18 1 11 
21 1 16 1 	1 
22 1 14 1' 	1 
23 1 12 1' 	1 
24 1 10 1 	1 
25 1 8 11' 
26 2. 6 
27 1 4 
28 1 2 - 

29 1 2 - 

30 1 2. 1 
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Table 15 Sex of host and worm distribution. 

Figure 7 Worms recovered and eggs pass d each day. 
Figure 8 Histograms of worm distribution. 
Figure 9 Sections containing more than 5% of worms recovered. 
Figure 10 Worm numbers in Section 1 compared with those in 

Sections 5-7. 
Figure 11 Males per 100 adult worms (from all Sections) on 

various days. 
Figure 12 Males per 100 adult worms (Sections 1-4) on various 

days. 
Figure 13 Males per 100 adult worms in various sections. 

The number of eggs passed per day by a female worm is an estimate 

based on-the assumption that all female worms in a rat are equally active; 

an assumption which is very difficult to justify. However, the figures 

given must give some indication of the relative activity of the female 

worms at various times after infection. In the absence of accurate 

1cnowlede on the transit time for ega laid in the upper part of the small 

intestine to reach the rectum not very much confidence can be put on 

the time relationship given between the numbers of female worms present 

and the numbers of eggs passed. A change of a few hours in the assumed 

transit time can make it appear at the one extreme that the rate of egg 

laying has fallen sharply before the numbers of female worms began to 

diminish, to at the other extreme that the female worms are still laying 

at almost full production while their ranks are being reduced, presumably 

by the rath reaction. 

The amount of data collected from the twenty sections of each of the 

fifty-six infected rats was so large that it has had to be presented in 

a summarised form. Individual variation was great, but it can be seen 

that sufficient rats were used to discern a definite pattern of the 

distribution throughout the course of the infection. Figure 9 is not 



-68- 

TABLE 10. 

Mean number of eggs passed by a rat on each day, the mean number 

of female worms recovered from each rat on each day (running average of 

2 days). Mean number of egs passed per day by a female worm .* 

(Experiment 4). 

Day 
Infected Rats 
Surviving 

E.p.d/1000 
per rat 

0 6 0 
1 56 0 
2 54 0 
3 52 0 
4 50 0 
5 48 23.2 
6 46 l4.4 
7 44 144.8 
8 42 239.5 
9 40 287.7 

10 38 334.6 
11 36 268.4 
12 34 117.5 
13 32 77113 
14 33 31.4 
15 28 6.4 
16 26 .3 
17 24 0 
18 22 0 
19 20 0 
20 18 0 
21 ' 	 16 0 
22 14 0 
23 1 	12 0 
24 10 0 
25 8 0 
26 6 0 
27 4 0 
28 2 	

: 
0 

29 2 	I 0 
30 2 0 

worms f 
rr rat C 4 worm 

0 0 
0 0 

84 0 
280 0 
372. 0 
458 50 
455 330 
421 40 
449 53) 
441 6o 
498 670 
501 540 
447 260 
243 320 
100 10 

62 100 
19 20 
40 0 
42 0 
10 0 

1 0 
3 0 
2 0 
2 0 
2 0 
1 0 
1 0 
2 0 
2 0 
2 0 
2 0 

* As it has been assumed that eggs being passed in the faeces 
had been laid by the worms 12 hours before, the number of 
female worms present 12 hours eerlier has been taken as the 
average of the previous and the present day. 
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TARLE il g  

Total number of 	recoverer3 from twent- sections or the email inte stines 

of Pairs of rate kflFd on e'i'ceeeive days after infection. 

(Experiment is). 

• 	sections 11  Male !p'em. I 4 To 
1 2 3 14 5 6 7 8 9 10 U 12 13 14 15 16 17 18 19 20 icaus, vmrus ~  5 t  vM 

__________ lar .  
2210201352 4533 12  1 	72 

2 13 132 262 316 199 84 103 2 36 23 1 	14 1 196 33 643 1 
3 1 5 15 97 293 407 30 217 106 56 32 20 33 15 9 7 1 2 1 659 783 245 1 
4 15 18 241 353 359 181 93 23 22 18 18 22 	7 5 1 640 702 1  34 1 
5 14 249 519 6142 330 147 113 26 3 4 2 913 1130 6 2 
6 3 38 269 514 261 19 56 51 3 1 2 556 6901  1 1 

43 24 14.9 247 613 302 255 94 37 56 18 2 2 5 853 994. 1 
8 85 28 25 24 336 476 298 192 19 9 3 3 695 8011 2 1 
9 83 53 92 145 424 480 187 209 81 44 lu 25  7 12 2 2 5 904 963 1 

10 39 6 35 38 167 598 610 116 73 31 22 19 10 1552 68 61 34 967 102 1 
. 11 40 49 29 142 461 441 320 142 115 99 39 14 28 	7 15 5 24  9 6 4 1014 975 1 

12 85 56 60 20 237 457 189 2145 139 214 52 16 4 25 22 2* 7 5 14 1059 8i 1 
2 13 3 1 7 104 107 187 95 13 27 7 6 10 7 1 41.7 15 

1424 57 612312fl6?0951686 31922 526301242 
154121415 522 2 222 58 
16 12 9 3 9 20 26 23 10 15 13 11 8 1 15 58 2 163 72 

IC40 17 3L114 37 30 16 10 29 13 3 2 8 34 22 35 10 7 3 5 31j 89 1 
18 8 65 62 53 53 20 15 35 23 13 2 3 5 2 321 38 
191 1 
20 1 1 
21  36  14  14 3 2 60 9 
22 2 1 3 
23 3 .•. 6 3 ( 
244 2 4 
2515 3 
262 1 1 
276 35 5 31 3 22 1 
3020 34 4 54 1 

Male 

RI 

wonas 
CV N 14 9845 

4th at. ('% t.r 'O -* cQ'  
'.' 

NO  
- 

.o o 
1' 

c cg ,- 

' 

lar • .004 

Total 
Ell- 

- 

worms ,g - r. ,-4 ,-q 21 
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Th - Mean and Mode positions and the standard deviations 

of the worm distributions expressed in terms of twentieth sections 

of the small intetine and the total number of morms recovered from each rat. 

(cper1inent 4). 

- Day killed Rat 
Male Rats 

Mean 	Mode 	S. D. Total Rat 
Female 

Mean Mode 
Rats 

S .D. 

-I 

Total 

1 1 6.7 5.5 3.1 47 2 8.2 6.5 3.5 25 
2 3 5,9 4,5 2.0 695 4 6.0 5.5 1.7 481 
3 5 6.4 5,5 2.2 812 6 6.5 5.5 2.3 875 
4 7 5.1 4,5 2.c 968 8 6.5 5.5 2.0 408 
5 9 5.0 4.5 1.5 1073 10 6.1 5.5 1.2 976 
6 II 5.5 4.5 1.2 416 12 6.0 5.5 1.5 831 
7 13 4.4 3.5 2,2 842 14 5.5 4.5 1.6 1005 
8 15 5.1 5.5 2.5 706 16 5.7 5.5 1.2 792 
9 17 5.3 5,5 2.1 818 18 5.6 5.5 2.7 1049 

10 19 7.4 6.5 3.9 987 20 6.9 5.5 3.1 1007 
U 21 5,3 4.5 2,5 885 22 6.9 5.5 3.0 U04 
12 23 6.9 5.5 2.6 1212 24 6.2 5.5 4.1 659 
13 25 6.2 4,5 2.5 187 26 6.8 6.5 1.7 388 
14 27 3.7 1.5 1.5 13 28 7.8 6.5 5.7 530 
15 29 .7 2.5 1.4 29 30 6.0 3.5 5.7 33 
16 31. 2.3 0.5 2.9 22 32 10.6 5.5 5.7 213 
17 33 6.0 1.5 5.1 360 34 6.2 1.5 5.7 49 
18 35 4.5 2.5 2.8 345 36 5.1 1.5 5.3 14 
19 37 - - 0 38 1.0 1.0 0.7 2 
20 39 - - - 0 40 2.5 2.5 0 1 
21 41 1.3 0.5 1.0 64 42 2.7 1.5 1.6 5 
22 43 3.2 0.5 4.6 3 44 - - - 0 
23 45 - - - 0 46 2,8 3.5 1.0 9 
24 4.7 - - - 0 48 1.2 0.5 1.0 6 
25 4.9 1.3 1.5 0.2 4 50 1.5 1.5 0 2 
26 51 1,8 0.5 2.3 3 52 

- 

.6 - 0 
27 53 3.8 0.5 3.7 25 54 2.5 2.5 0 1 

30 55 1.1 1.5 0.2 37 56 1.4 1.5 0. 21 



- 71 - 

1 TABLE  	•)  

Sex incidence of woms at varioui t1 	and in various sections. 

(Experiment 4). 

flays after Infection Sections 

Day 3\4onnz &du1t d' eCtiOfl corms Adults 

2 196 533 3U'. 1 371 527 7).4 
3 659 1442 457 2 381 501 76.0 
4 643 1342 47.7 3 359 590 60.8 
5 913 2043 411.7 4 741 1393 53.2 
6 556 1246 44.6 5 1911 3;12 4.8 
7 853 1847 46.2 6 2278 4975 115.8 
8 695 1696 46.5 7 1761 3513 50.1 
9 904 1867 48.4 8 906 1752 51.7 

10 967 1994 4.5 9 539 955 56.4 
U 1014 1989 51.0 10 334 646 517 
12 1039 1871 56.6 11 
13 417 575 72.5 12 296 574 51.6 
14 301 543 55.4 13 
15) 14 
16 540 705 76.6 15 
17 16 
18 17 	'. 309 697 443 
19 18 
20 • 472 542 87.1 19 
21 20.  
22 
23 Whole experiment 
24 
25 d'\ orme 	Adults 
26 
27 10186 	20035 50.8 
30 
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TAL 14. 

Values of k. and g-. statistics calculated according to Snedecor (1956,p.200) 

and the fitting of theee to the values expected in Normal, Binomial and 

Poisson distributions. 

(Experiment 4). 

Value of Expected values calculated from data for 
k statistics Estimates of Normal Binomial Poisson 

• 6. 4,  Mean'  6.4 6.4 6.4 

36 Variance 36 4.4 6.4 

k3  .10.8 3rd Caau1ant 0 1.6 6.4 

k 1  -57.0 4th 	" 0 -1.3 6.4 

k 
___ 	.41.58 

(p<.0l) 

92 	2- 	..4.40 

(p<.01) 

Worms in section 1 have been given a position value of 1.0 nd 
not 0.5, etc. 

The k- and g- statistics calculated ccording to Snedecor (1946) p.176, 
except k1  value has been decoded (Code I - 6). Expected values have 
been c.üculated from data according to Fisher (1954) p.75, 1st table. 
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Worina recoverd during experiment from each sax of host (Experiment Q. 

Days 1-6 
Male 	Fern. 	Total 
Rats 	Rats 

Days 7-12 
We 	Fern. Total 
Rats 	Rat. 

Days 13-18 
Male 	Fern. Total 
Rat. 	Rate 

Days 19-24 
Male 	F.ii. 	Total 
Rat. 	Rats 

Days 25-30 
Male 	Fain. 	Tbtai. 
Rats 	ats 

Days 1-30 
Male 	F.1bta1 
lits 	Rate 

1 0 1 123311,237548 31 79 38 5 43 23 6 29 342185 527 
2 16 4 20 115 131 216 182 26 208 U 1 18 28 14 42 352 152 504 
3 44 21 65 244 146 390 104 20 124 14 3 17 5 4 9 411 194 605 
4 632 127 759 513 103 616 94 26 120 3 6 9 5 0 5 1217 262 1509 
5 1150 556 1706 1004 1234 2238 138 72 210 0 2 2 1 0 1 2293 1864 4157 

' 6 979 1279 2258 1033 1721 2754 49 147 196 0 0 0 3 0 3 2064 3147 5211 
41 7 552 802 1354 943 916 1859 103 359 462 0 0 0 1 0 1 1599 2077 3676 

8 272 323 595 591 407 998 17 176 223 0 0 0 0 0 0 910 906 1816 
9 176 227 403 184 276 464 33 119 149 1 0 1 0 0 p 395 622 1317 

10 59 98 157 289 164 453 17 54 71 0 0 0 0 0 0 365 316 681 
U 29 67 96 68 79 147 17 19 36 0 0 0 0 0 0 114 165 279 
12 34 37 71 33 41 7446 11 57 0 0 0 0 0 0 113 89202 

o13 34 27 61 9 42 5122 3 25 0 0 0 3 0 3 68 72140 
14 15 14 29 13 34 47 33 15 48 0 0 0 0 0 0 61 63 124 

o 15 13 4 17 39 64 103 14 42 56 0 0 0 0 0 0 66 110 176 
16 1 8 9 32 65 97 2 20 31 0 0 0 0 0 0 35 102 137 
17 2 0 2 50 49 99 3 2 5 0 0 0 0 0 0 55 51 106 
18 0 1 1 35 16 51 0 7 7 0 0 0 0 0 0 35 24 59 
19 2 2 14 8 22 3 60 63 0 0 0 0 0 3 19 68 87 
20 1 0 1 4 8 12 4 9 13 0 0 0 0 0 0 9 17 26 

Total 4011 3596 7607 5450 5616 11066 956 1227 2183 67 23 90 69 24 93 10553 10486 21039 
Mean 55 6.2 5.9 5.9 6.1 6.0 5.3 7.8 6.7 1.3 2.2 1.6 2.2 1.4 2.0 5.6 0.3 6.0 
Mode 4.5 5.5 5.5 5.5 5.5 5.5 1.5 6.5 6.5 I.5 L.5 .5 1.5 1.5 1.5 4.5 5.5 5.5 
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FLIURE 10. 

t_ 11411. IIlIiilIIIlIlIIIIIIll(Ili 
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Days offer infection 

The nb.re of worms recovered from Sections 1 and 2 on each day 

after infection compared with the mean number recovered from 

Sections 3-10. 

(Experiment 10. 
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The p.reentage of sale worms amongst adults recovered from the Whole of the snail intestine 
on each day- of the experiment. Each plot based on at least 500 adult 

(Experiment i,). 
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an acceptable forn of pros nting all the data collected, but is a 

demonstration of how the pattern of the distribution changes during 

the infection. This foni of presentation in which 5 of the worms 

present in each rat are recorded has the double advantage of removing 

differences in total numbers and the stragglers, both of which factors are 

troublesome in making comparisons between days. 

It can be seen that the data of worm distributions can be divided 

conveniently into four phases mostly of six days each. Phase 1, from 

Days 1-6 9  is the period in which the larvae arrive in the small 

intestine and settle principally in Sections 5, 6 and 7. The second 

phase from Days 7-12 is the one in which the infestation is at its 

height. The raof egg laying is at its highest and the size of the 

population undiminished. However, although the majority of worms are 

still in Sections 5, 6 and 7 some worms were being recovered in this 

period from Sections liand 2. Phase III, from Days 13-18 is the period 

in which the population is markedly reduced, and one in which a 

redistribution of the survivors takes place. Phase IV consists of the 

last twelve days of the experiment and presumably longer. In this 

period almost all of the worms have moved out of Sections 5, 6 and 7, 

and those that had attached in the more posterior sections bve also gone. 

Only worms attached in the anterior sections 1, 2 and 3 survive in any 

numbers. Apart from one worm found in Section 1 on Day 3 no worms  

had been found in this section until Day 7. 

Table II and Figure 8 show the distribution of 4th Stage larvae that 

have not yet begun to moult. Unless larvae have bssrun to moult before 

reaching the small intestine, and none were found in this stage in the 
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lungs, trachea, oesophagus or tornac when these were examined in some 

rats, then it must be assumed that no more 1rvae arrived after Day 5 and 

that the changes in distriution which occurred after this were due 

to movements of the existing adult population. Further, these larvae 

ett'r 'ainly in the sections in which the majority of adult worms 

were found, and there is no evidence to support Chandler's (1935) 

contention that the larvae settle in a more posterior polition than that 

taken up by the adult worms. 

Comparison of the numbers of larvae seen with the numbers of adult 

worms found allows a calculation of the mean maximum time that passes 

between the larvae reaching the small intestine and entering the phase 

of the last moult. I total of 1004 larvae were seen. The mean number 

of adults seen on any day (total for two rats) between Days 2-12 was 1606. 

Thus, as sampling was done at 24 hour intervals, the larvae spent 

10044606 parts of 24 hours between reaching the intestine and passing 

into the final moult, i.e. 15 hours. 

The data on the relation of male to female worms has been grouped 

so that at least 500 adults were pre3ent in each calculation. The relative 

number of males increases as the infection gets older. T is means that 

the females are being removed or leaving earlier trcan the males. Also 

the relative number of males is greatest at the anterior and of the small 

intestine and shows a progressive decline along the organ. It has 

already been established that after about Day 13 only Sections 1, 2, 

3 and 4 can support many worms and the predominance of males towards the 

and of the experiment might be due to the fact that the females could 

not parasitise this part. Figure 12 shows the relative number of males 
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in Sections 1-4 during the experiment and it can be seen that up to 

Day 9 females are able to parasitize this region in more or less equal 

numbers to the male worms • The points in this table were calculated 

from data grouped so that at least 100 adults were present. Comparison 

of Pimiree 11 and 12 suggests tat the re ative increase in the 

proportion of males as the infection ages: Is more marked in Sections 1-4 

than it is in the small intestine as a whole. 

Between Days 1 and 6 the worms in the small intestine are concentrated 

largely into Sections 4 to 9. Later they become more widely dispersed. 

The initial 31te of attachment may be under 3 simple mathematical 

influence, which might result in the worms being distributed normally. 

Fisher (1954)  has described the use of k statistics to estimate the first 

four cuinulartts (kappa parameters) of a population distribution. The 

k - statistics were calculated by the method described by Snedecor (1955', 

P. 200).  In Table 14 the values of the k - statistics obtained are 

compared with the expected values if the worms were distributed according 

to a Normal, Binomial or Poisson distribution. Also in the table the 

g - statistics are given to 1 est for kurtosis and skewness of a normal 

distribution. 

The value of k1  is the mean position of the worms and is 5.863 

if it is assumed that all the worms in each section are halfway along 

its length. k2  is the variance and has a value of 3.620. It is 

the k3  and k4  statistics which can be used to test the goodness of 

fit to any of the three types of distribution being tested. In a 

Normal distribution they would both be zero. They are not zero and 

the g - statistics indicate that the distribution is both skew with 
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an excess of worms anterior to the  'ean position ci that it shows 

positive kurtosis t  that is there is an excess of ',-,Orml in the mode po ition. 

The values of k  and k do not fit the Binomial or the Poisson 

distributions and the conclusion must be drawn that the worms 
are not 

distributed according to any simple mathematical principle. In 

determining the form of binomial the number of possible :ections a 

worn could be in is 20 and the mean position of the worm is 5.9 + .5 

(to give the position of a worm in each section as a whole number) a 6.14 . 

As the mean of a binomial has the value of np it follows that p has 

the value of .32 and q .68. The four k - statistics should have 

identical values in a Poisson distribution. 

Table 15 shows that, on average, the Mean and the Mods of the 

population in female rats is about 1 section more posterior than in 

male rats. Feia1e rats tend to be lighter than male rats of the s-tme 

ago and the difference found in the distribution of the population of 

worms between th e  two sexes may be in fact related to the weight of the 

host and not ko its sex. The experiment was not designed to answer 

this point and the data is not particularly suitable for the effect of 

weight to be examined. However, if weight is the factor involved, then 

it ought to be possible to compare the difference in weight between 

pairs of rate of 
the same sex killed on consecutive days with the 

differences in the position of the population mean. 

Through the course of experiments still to be described, there 

are many such pairs of rats. The correlation of the weight of the 

rat with the mean position of the worms has been deferred to the and 

of this thesis (see page 14. 
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PSRIMET 5-1  

THE EFFECT OF DIFFERENT LEVELS OF INFECTION ON THE DT3TRIBtiT ION OF 

NIPP0ST!YLT,  BRASTLIERSTS IN THE SMALL INTTINE OF RATS. 

perirnenta]. Plan 

Forty rats, 20 males and 20 faales; aged 200 days at the start 
+ 

of experiment (Day 0) were used. The males weighed 400 - 40 AB and 

the females 239 21 ms. Four of the rats were kept as uninfected 

controls, which were killed on Dye 0, 	3, 6 and 9. 	The other thirty- 

six animals were divided into three groups of 12 rats • The first group 

was infected with 1000 infective larvae of N. brasiliepsia per rat. 

The second group with 2500 infective larvae and the third with 6250 

infective larvae per rat. Four animals 'from each group were killed 

on each of Days 3, 6 and 9. The rats were divided between the groups 

at random within the sexes, the sexes being distributed so that there 

were two of each sex in each sub group of four. The intestines were 

treated as in Experiment 1, except that the 20 divisions were each 

halved and only the worms in the anterior half counted. The estimated 

population in the smell intestine was thus twice the rnnher of worms 

counted • Prior to death egg counts were made on the faeces and these 

were expre3sed as eggs passed per day. 

Results 

Table 17 Data derived from eg counts 
Table 18 Worms recovered from each section in different groups. 
Table 19 Principal parameters of the worm distribution in 

each rat and group. 
Table 23 Sex incidence of worms in each section. 

?iure 14 F count data. 
Figure 15 Histograms of worm distribution in each group. 
Figure 16 Sections containirg rro than 5 of worms recovered. 

Figure 17 Male worms per 100 adults in each section. 
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TABLE 1.6. 

Plan of Mqwriment 5. 

Control Rats • Infected Rate  
12 rate given 12 rate given 12 rat. given 

1000 larva. 2500 ].arvae 6250 larvae 
Day egg 

counts killed 
on 
counts killed 

egg 
counts killed 

egg 
count. killed 

O (rats infect.d) 11 10' 12 12 12 
1 3 12 12 12 
2 
3 

3 
3 1 

12 
12 2 C?2 

12 
12 2d29 

12 
12 2d2 

2 8 8 8 
5 
6 

2 
2 1 & 

8 
8 2d'2 

8 
8 2&2c 

8 
A 2d'2? 

7 1 11 4 4 

9 1 1 4 2c?29 4 2 6 4 2d'29 
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TABLE 17. 

Data derived from egg counts. 

(Fxperiment 5) 

Thousands of eggs passed per day per rat. - 

Days aftermnf'ction 0 	1 	2 3 	4 5 	6 7 8 9 

Survivors in each group 12 	12 	12 12 	6 6 	8 4 4 4 

1000larvu 

2500 	" 

6250 

0 	0 	0 

0 	0 	0 

0 	0 	0 

0 	0 

0 	0 

0 	0 

0106 	200 	358 

0 263 	833 	830 

0 665 3.159 1249 

124 

403 

793 

Eggs passed per dal per larva given. 

Days after Infection 6 7 8 9 

1000 larvae 

2500 	" 

6250 	" 

106 

3.05 

106 

200 

333 

185 

358 

332 

200 

124 

161 

127 

Eggs passed per day per fumale worm. 

Days after Infection 6 9 

1000 larvae 

2500 	H 

6250 	" 

602 

594 

359 

477 

101.9 

680 

Control ratsi 	no eggs seen during the experiment. 
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Total nie,ber of 	recovered from eieh section of maU intestine from 

each group on Zwe 3, 6 nd S (,L rats to each grouping). 

(Experiment 5). 

3 days 
1000 2500 6250 

6 
1000 

daye 
2500 

r 
6250 100C 2500 6250 When killed: 

tnfect 	with: 

Sectiont 
1 

1 
2 

4 
11 1 

1 25 
18 

21 
37 

8 
22 

9 
23 2 

3 3 10 21 3 15 74 3 17 27 

4 2 16 111 8 245 328 31 67 123 

5 32 66 442 121 318 1093 108 248 414 

6 50 239 704 242 556 1574 236 422 606 

7 21 295 890 142 307 1949 192 405 1163 
8 16 211 1643 59 177 903 DO 120 373 
9 7 47 97 32 76 608 71 93 517 

10 5 8 33 4 13 282 73 25 480 

11 1 9 10 6 72 11 6 179 
12 1 U 33 6 6142 
13 16 2 32 

14 13 1 31 

15 12 
16 1 1 1 11 

17 1 2 
3. 

8 
8 18 7 19 7 20 

Total 119 956 2502 62.2 1714 6985 923 1440 4172 

%of 
Infective ôos. 	6.0 19.2 20.0 :30.6 311.2 55.8 i.6.2 2$. 33.4_] 
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TBT4E 

The Iean and )ode positions and the standard deviations of the worm 

dietribatione, expressed in terms of twentieth sections of the amall 

intestine, and the total number of worn recovered from each rat and group. 

(Experiment 5). 

1000 larvae 25(X) larvae 6250 larva. 
To- To- To- 

Day Sex Mean Mode (Y ta]. 3ex i4ean Mode Q tel. Sex Mean Mode U' 	t,al 

M 6.1 6j 1.5 19 M 6.1 61  1.4 343 M 5.0 $ 1.1 	690 

3 M 6.3 5 1.5 24 M 6.3 1.4 ].88 H 5.7 5r 13 	625 
F 6.2 5 2 .2 33 F 75 7' 1.3 13J 

291 
F 
F 

6.2 
6.9 

6 
6* 

	

1.2 	657 

	

1.1 	530 P 6.0 5 1.3 46 F 6.1 5 1.9 

)! 5.5 54 0.9 167 N 4.6 3 1.3 663 N 5.6 5 1.4 1521 
6 H 5.9 3 1.4. 24.3 N 6.3 5 1.2 508 H 5.3 5 1.3 1813 

F 5.9 5* 1.1 129 F 5.7 5 1.0 281 F 6.5 6* 1.4 1901 
F 6.4 4 0.9 73 F 6.5 6s 1.3 262 F 7.5 6 1.8 1750 

H 4.5 4 2.3 122 H 5.8 54 1.1 430 H 7.7 8 2.6 104.4 

9 H 6.5 5f 2.4 335 H 6.0 6k 1.2 359 N 6.2 6 1.2 1028 
F 5.9 5it 1.9 329 F 5.5 4 1.6 371 F o.1 64 1.7 1032 
F 7.0 8 2.3 137 F 6.4 b 2.3 20 F 8.9 9k 2.5 boA 

3ttistics of principal groupings. 

Moan 
Grouping Rata Mean Mode O' Total Total Take 

Male Rats 18 5.8 5 1.7 10122 562.3 31.6 
Female 	at 1.8 6.S 6 1.9 9301 51.7 31.8 

Killed on Day 3 12 6.0 6 1.4 3577 298.1 18.3 
6 12 6.1 b 1.6 9311 775.9 47.7 
9 12 6.8 6 2.3 6535 544.6 33.5 

Infected with 1000 1. 12 6.0 5 1.9 1654 137.3 27.6 
2500 1. 12 5.9 5 1.5 4.11( 342.5 27.4 
6250 1. 12 6.5 u 2.) 1365i 113.3 36.4 

IL 
1i. infected Rata 36 6.3 6j 1.9 19423 539.5 33.2 
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TABLE 20  

Sex incidence of worms in the var-ious sections of the email intestine. 

(Experiment 5). 

Section d'onae Adults 

1 46 64 679 
2 64 98 
3 125 166 75.3 
4 444 792 56.1 
5 1196 2292 52.2 
6 1633 3628 45.0 
7 1723 4137 41.6 
8 792 1726 45.9 
9 599 1390 43.1 

10 288 876 32,9 
II 123 271 45.4 
12 104 187 55.6 
13 34 50 
14 34 4.5 
15 7 12 
16 6 13 67.3 
17 5 10 
18 6 9 
19 5 7 
20 6 7 - 

All Sections 7240 15780 45.9 
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nGUA 14. 

I 	I 	I 	I 	I 	I 	I 	I 	I 	I 

0 	I 	2 	3 	4 	5 	6 	7 	8 	9 

Days after primary infection 

The mean rnabere of ecg8 passed per day by rate in each 
of the three infected groupo 

(cperiment 5). 



F13URE 15. 

TIME AFTER INFECTION 
3 Days 	 6 Days 	 9 Days 

500- 

400 -  

.
0300- 

200- 

QL 
100- 

1.________ ________ 
200 

0•- 
0  
L100 	

1 

'°EiTT!'.I  
Sections of small intestine , numbering from left. 	- 

Hiit.grame showing the mean rnber of wCraB recovered from each .imdJ Intestine section 
in each grow of inrected rats. 

(Experiment 5). 

I 
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2 	4 	6 	8 	10 	12 	14 	16 	18 20 

Sections of small intestine 

Sections utich contained more than 5 of the t,otal number of worms 
recovered from the s=11 intestine of eacir rat • Each hon wnta3. 

line repre3 nts one rat. 
(Experiment 5). 
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The percentage of male worns auget adults recovered from each section of the small intstin 
over the whole experiment. Each plot represents at least 100 adult rms. 

(p.rt.snt 5). 
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The number of eggs laid by • female irm are not strictly comparable 

with the estimates in 1coeriment 4 because the number.' of femle worms 

present on consecutive days are not known. No conclusions can be 

drawn on the effect of dose on the egg layin?, there not being enough 

data and the method being too involved. 	owever, it does appear that 

healthy female wrns at the height of the infection Lay between 500 

and 1000 eçrws  per day. This result is in agreement with that found 

in experiment 4 of 6D ggs per day. 

The distribution in female rats is, as in Experiment 4, centred 

further from the pyloric end of the small intestine than in male 

rats • Further consideration of this point is given on page 145. 

The population showed little chanpe between Dave 3 and 6. The 

mean positions of wi'sns are almost identical, the mode positions 

are identical and the scatter of worms, as shown by the standard 

deviation is similar. Sy Day 9, however, there is evidence that the 

distribution had begun to chanpo. The mean position has moved back 

almost a whole sction, though most worms are still found in the 

same section as before. 

In the range of the doses given there is no evidence of 

saturation of any pa-rt of the small intestine. If this had happened 

the mode position would become fully occupied and worms would 

colonise the neighbouring sections in relatively greater numbers. 

This would show itself in an increase in the variance of the worm 

distribution. The variance in the three dosing groups is so close 

that this plateau-phenomenon car be discounted. However, there is 

a suggestion that in the highe3t d 5 6 1vc;L the worms are found 
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slightly furtherfrom the pylorus than in the other two groups. 

The percentage of the dose recovered in those rate dosed with 

1000 larvae was verj much lower in Da- 3 than in the other two 

groups. Thiseuggeets that small doses are delayed in their transit 

from the skin to the small intestine to a very much greater degree 

than large doses. This might be because with higher doses of worms 

relatively more woxms will get the benefit of passing along tracts 

broken down by othewean3. 

Figure 16 shows the data from this experiment presented in a 

similar way to that in Figiire 9 of Experiment 4. The three dose 

rates are seen to give similar results on each of the three days. 

The relative absence of worms from Section 1 is seen in all groups 

of doses on Day 3, but there are signs that on Day 6 and Day 9 there 

is an increase in the number of worms found in this section. 

The incidence of males in each section agrees with the re3ults 

obtained from Experiment 4, except in the more posterior sections. 

RIBUTIQN 

PERIWJT 6. 

THE DISTRIBUTION OF NIPPOSTDiT! 	BRA3ILIENSIS IN RATS AFTER TWO DOSES 

OF 2500 lARVAE GIVEN 18 DAYS APART. 

Experimental Plan. 

Thirty-four female rats aged l) days and weighing 251 39 grams 

on Day 0 were kept in separate cages. They were divided into four 

gzo ups: 

Group 1, 4 rats, uninfected controls. 
1 rat killed on each of Days l, 21, 24 and 27. 
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Group 2, 10 rats, infected 2500 larvae on Day 0. 
1 rat killed on Day 18. 
3 rate killed on each of Days 21, 24 and 27. 

Group 3, 10 rats, infected 2500 larvae on Day 18. 
1 rat killed on Day 18. 
3 rats killed on each of Days 21, 24 and 27. 

Group 4, 10 rats, infected 2500  larvae on Day 0; 2500 larvae on Day 8. 
1 rat ki led on Day 18. 
3 rate killed on Days 21, 24 and 27. 

Egg counts were performed each day. 

The small intestine was divided into twenty equally long 

sections in the Haruspicator.' 	The number of worms in each section 

were recovered and counted • The sexes of the worms were recorded on 

Days 24 and 27. 

The iriguinal and axillary lymph nodes were collected and disintegrated 

in a blender. Aliquot samples were taken for examination under a 

dissecting microscope and the numbers of worms present were estimated. 

The lungs of the rate were treated similarly. 

Results 

Table 22 Data derived from egg counts. 
Table 23 Worms recovered from each section and from the lunge 

and lymph nodes in each group. 
Table 24 Parameters of worm distrihution in each rat. 
Table 25 Sex incidence of worms in each group. 
Figure 18 Egg counts of each group. 
Figure 19 Histograms of worm distribution in each group. 
Figure 20 Secti'ns containing more than 5% of th worms 

recovered from ea& rat. 
Figure 21 Sex incidence of worms in each group. 

The egg counts showed that the female worms in the secondarily 

infected rate were prevented from becoming fully mature. 

The worms recovered from lymph glands were spasmodically distributed 

amongst the rats • The lungs still contained some larvae 7 days after 

a primary infection, though most were recovered three days after infection, 
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TABLE 21. 

Plan of Exroriment 6. 

Day Group 1 
killed 	egg count 

Group 
killed 

2 
egg count 

Group 
killed 

3 
egg count 

Group 4 
killed egg count 

0 (2500 larvae) (2500 larvae) 
4. 10 10 10 

1 4 10 10 10 
2 11 10 10 10 
3 4 10 10 10 
4 4 10 10 10 
5 4. 10 10 10 
6 4 10 10 10 

7 4 10 10 10 
4 10 10 10 

9 4 10 10 10 
10 4 10 10 10 
U 4 10 10 10 
12 4 10 10 10 
13 4. 10 10 10 
14 4 10 10 10 
15 4 10 10 10 
16 4 10 10 10 
17 4 10 10 10 
18 (2500 larvae) (2500 larva. 

1 4 1 10 1 10 1 	10 

19 3 9 9 9 
20 3 9 9 9 
21 1 3 3 9 :3 9 3 	9 
22 2 6 6 6 

23 2 6 6 6 

24 1 2 3 6 3 6 3 	6 

25 1 3 3 3 
26 1 3 3 3 
27 1 1 3 3 3 3 3 	3 
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TABLE 22. 

Mean number of eggs (in thousands) passed per day per rat in each group. 

(rperiment 6). 

- Day Infectedt 

Day 1t: 

Group 1 

- 

Group 2 

- 

Group 3 

+ 

Group 

+ 

0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 
6 

0 0 0 0 
0 10 0 20 

7 0 250 0 200 
0 360 0 1) 

9 0 340 0 490 10 0 320 0 360 U 0 350 0 330 12 0 220 0 140 13 0 60 0 100 
14 0 80 0 0 
15 0 10 0 0 16 0 0 0 0 
17 0 0 0 0 is 0 0 0 0 
19 0 0 0 0 20 0 0 0 0 21 0 0 0 0 22 0 0 0 0 
23 0 0 0 0 24 0 0 lb 0 
25 
26 

0 
0 

0 
0 430 

0 
0 

27 0 0 390 0 
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TABLE 23. 

The number of worms reeov'red from each section in 
each prou-ing of rats. 

(Experiment 6). 

Day: 21 
Group 2 

24 27 21 
Group 

24 
3 

27 21 
Group 4 

24 27 

Section  1 2 13 2 7 1 
2 1 1 5 2.3 9 5 2 1 
3 1 2 7 42 25 18 56 
4 2 2 112 140 209 34, 71 4 
5 4 1 35c 511 409 66 49 3 
6 1 1 385 613 486 29 34 2 
7 3 240 426 664 18 10 1 
6 3 1 56 172 337 20 1 1 
9 3 57 67 22 3 

10 1 5 16 31 20 1 
11 1 1 1 29 12 
12 18 3 
13 1 10 2 1 
14 1 18 U 1 
15 12 1 
16 7 
17 14 1. 
18 5 19 2 
19 3 
20 1 3 14 1 1 

Total: 7 12 14. 1171 1984 2383 276 236 19  
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TA,PLV, 24. 

Mean and Mode poitioria and standard deviation of worm distribution 

expreed in terms of twentieth sections of the small intestine. 

(Experiment 6). 

Day _killed Mean Mode standard Deviation 'Fatal 

Group].. 18 - - - 0 
21 - - - 0 
24 - - - 0 
27 - - - 0 

lroup2. 18 0 
21 1.0 1 0.7 2 

- - - 0 
5.9  7.5 ', 	.,  S 

24 7.0 6.5 2.0 6 
4.5 4.5 - 1 
3.7 4.5 1. 5 

27 3.5 1.5 3,11 5 
3.1 2.5 1.5 5 
1.8 .5 1.9 4. 

Group 3. in - - 
- 0 

21 5.6 5.5 1.1 441 
5.6 5.5 1.6 4.22 
4.6 11.5 1.0 308 

24 5.3 11.5 3.5 757 
5.5 5.5 1.3 529 
5.9 5.5 1.2 698 

27 5.8 5.5 1.7 1.229 
7.0 4.5 4.2 14 01 
6.5 6.5 2.0 753 

Group 4. 18 - - - 0 
21 8.7 4.3 5.4 88 

4.7 4.5 2,1 39 
6.2 4.5 2.9 149 

24 4.1 3.5 2.3 176 
4.1 2.5 4.3 7 
4.1 4.5 2.4 53 

27 10.8 6.5 13.0 3 
5.8 5.5 3.5 12 
4.8 3.5 1.5 4 
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TABLE 25. 

The nisber of m1e vo rms per hundred adults in sections of the small 

intestine of rate in each infected group. (Each entry based on 100 

adults bèerev•r possible). 

(Ecperinient 6). 
F ..  

Group 2 Group 3 Group 4 

Section]. 1 
2 49 
3 31 
4 J 
5 45 
6 43 
7 43 

45 
9 47 

10 
U 
12 
13 
14 
15 70 
16 
17 
18 
19 
20 

Total Adults 26 3886 121 
Malee% 35 45 29 
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FIGURE 20. 
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and this applied to secndarily infected rats as well. 

The total number of worms recovered from secondarily infected rats 

was much less than from a primary infection, and the peak recoverrhad been 

gassed well before Day 9. 

- 

If it is assumed that the worms' age has no effect on the position 

it parasitises in the amall intestine one would expect that a secondary 

infection would take up the positions occupied by the remnants of the 

first infection. Tius in this experiment most of the worms in Group 4 

would be expected to be in Sections 1-4. This is not the case, 

however. Figure 19 shows that most of the worms are in Sections 3-6. 

This is slightly nearer the pyloric phincter than the site of most 

worms in Group 3. The distribution of Group 4 resembles that of Group 3 

far more closely than it resembles Group 2. Figure 20 shows a state 

of affairs in group 4 more akin to the phase between Days 12-18 in a 

primary infection than to the phase after Day 18. 

The pattern observed in Group 4 was not made up of a group of 

male worms more or less approximating with the distribution in Group 2 

and the posterior tail being largely made up of females; the proportion 

of the sexes in the anterior half of the small intestine was unchanged 

from that seen in Group 3 or between Days 6 and 9 in Experiment 4. 

EXPERIMENT 7. 

THE DISTRIBUTION OF NI?poT:NGLuS R&3.ILINSI3 IN RATS GIVEN 
VERY LAME SECONDARY INFECTIONS. 

Experimental plan 

Eleven rats, which had been given primary infections for the purpose 
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of obtaining eggs for the maintainance of the stock culture, were 

given massive secondary infections. This experiment did not include any 

control animals, it being essentially a 'pilot' experiment. 

The Its were in three groups: 

Group 1, consisting of three rats, had been given a 

primary infection of 8000 larvae, i.e. as their weight averaged 

193 grams 41- 5 Larvae/gram. The challenge dose was given 40 

days later at the riof 45 larvae/gram. This dose exceeds 

the lethal dose for rats (Hunterb  19(1. The animals were 

killed six days later and the intestine divided into twenty 

sections. 

Group 2, 4 rats weighing 200 grams at the start, were 

given primary and secondary doses of 140 larvae/gram and 

42.5 larvae/gram respectively, these being separated by an 

interval of 34 days. These rats were killed six days later. 

Group 3, were given the same do3es as Group 2 but were 

killed nine days after the second dose of larvae. 

Results 

Table 27 Principle parameters of worm distribution in 
each rat. 

Table 28 The percentage of male worms amongst adults in each 
section of the small intestine. 

Figure 22 Histograms of worm distribution in selected rats. 
Figure 23 Sections containing more tan 5% of worms recovered 

from selected rate. 
Figure 24 Male worms per 10) adults in each section. 

As only four rats harbered substantial n1mbers of worms the data 

from the othezshae ben ortitted in Figures 22 and 23. 

Rate 1 and 6-11 had been able tr, throw off almost the whole of the 
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TAME 264  

Plan of xper1ment 7. 

Rat So. 	Ii 2 3 4 5 6 7 8 9 10 II 

Sex 9 9 9 
Weight at Day 

o 1435 185 210 205 200 200 195 195 200 	190 210 

Age at Thy 0 72 72 72 88 88 88 88 88 88 88 88 

Primary doss 
of larvae 
(thousands) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

Days between 
infective 
dosing 40 40 40 34 34 34 34 34 34 34 34 

Secondary dose 
of larvae 
(thousands) 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.6 100 10. 

Days from 
last dose to 
tliing 6. 6 6 6 6 6 6 9 9 9 9 
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2 . 

The muber of male w,rmg in one hundred adu1s in each section of the 

aU intestine in all the rate. 

(i,cpertent 7). 

Section Male worn8 per 100 adults 

1 42 
2 39 
3 25 
4 21 
5 2 
6 22 
7 30 
8 33 
9 

10 
11 
12 
13 
14 32 
15 
16 
17 
18 
19 
20 

Total 26 
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'ectjone which contained more than 5t of the total number f iorms recovered from the small 
intestine of each of the most heavily infected rats. Each bortzontd line represents one rat. 

(Experiment 7). 
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challenge infection br the ti— 	were killed. Of the other fbur 

rats, Rats 2, 4 and 5 behaved in 	iii. r ,ay to Group 4 in Experiment 6. 

However, Rat 3 reacted in a different 'ay. The orna were distributed 

]inost as if ir a primary infection. more tan 95" of the total were 

found in only Sections 4-8. The finding of 11C worms in Section 1 is 

an interesting feature of this rat, as i' occurred six days after 

infection. These worms were most probably not the remnants of the 

primary infection because no such nwnbern were found in other secondarily 

infected rats. It they were derived from the second infection then they 

show that Section 1 can support over one hundred worms and that worms 

under seven days old can parasitize Section 1. (The first worms to 

parasitize Section 1 in a primary infection were seven days old). 

The experimert has shown that even with massive doses of worms 

most rats are a-le to throw off secondary infections. It shows that 

the variation of response to secondary infections is very much greater 

than to primary infections. It also conc1usively*oWs that even after 

massive doses the secondary infections do not have sin.ilar distribution 

patterns to those of ageing primary infections. 

EXPERIMENT 8L 

THE DISTRIBUTION OF P0STNC!LU 	IIIEIS IN THE SMALL INTESTINE 
OF RATS P1P?ER VARIOUS LEVELS OF P1UARY &ND SECONDARY INFECTIONS. 

perimenta1 Plan. 

Sixty female rats weighing 259 1 16 grams and 220 days old were used 

in the work. On Day 0 some of the rats were infected with 100, 500 or 

2500 infective larvae, others receiving no worms at this stage. On Day 

14 the experimental rate were given infections of 100, 500, 2500 or 



- Ll- 

12,500 larvae, the de4ai1a of 	- 	'ive doses are given in Table 

29. 	The rats were kiiid II d& l.t.er and .Le small int9c;tinfa was 

divided into twenty sections in the standard manner. 

Eight rate died during the second phase of the experiment and the 

number which survived is also giver, in Table 29. 	ne of the rate which 

died had only had a single dose of 100 larvae. It was round to have had 

a septicaitia resulting from an infected bite u: d, which had already 

been noticed when the animals were being put into separate cages and which 

had (mistakenly) been thougtt not to be infected. The mistake was 

discovered too late for antibioic treatment to be of any effect. The 

other seven animals died of a haemorrahagic and consolidating pneumonia 

caused by the migration of the infective larvae through the lungs. Six 

of these had had cecondary Infections of 12,50.) larvae. Such a dose when 

given as a primary infection would have been 1001 fatal to rats of this 

size. The seventh rat had had only a single dose of 2500 larvae. It 

is unusual for such a dose to produce a fatal pneumonia in a rat o f this 

size. On Days 8 and 22 the faeces of each rat were examined for eggs 

and counts made, in order to ensure that the animals were conforming to 

the pattern seen in Experiment 6. 

Results 

Table 30 Data derived from egg counts. 
Table 31 Worms recovered from each section in each group of rats. 
Table 32 The principal parameters of the worm distribution in 

each rat. 

Figure 25 Sections containing more than 5% of the wornw recovered 
in each group. 

Hy Day 25, that is II days after the secondary dose of larvae had 

been given few worms remained in the rate which had had to infections. 



- 326 - 

TABLE 29, 

Flan of Experiment 8. 

Ahimals tweed 

let 
0 

Ooe• 
100 

(v 0) 
500 2500 larvae 

2nd Dose: 0 3 3 3 3 
(gay 1I)1OQ 4 4 

500 4 4 4 
P500 4 4 4 4 

12500 4 4 14 

Animals Surviving Day 25 

let 
0 

I)8e 
100 

(Day 0): 
500 2500 larvae 

2yv1toeeç) 3 3 43  
3 

(Dtyl4)10Q 3 4 
300 4 4 4 

2500 3 4 4 4 
12500 1 4 1 

Egg counts performed or, Days 8 and 22. 
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TAE 30. 

Nbera of eggs per gram of faeces in each rat eigit days after infection. 

Counts within each grouping are arranged in order of magnitude. 

(0 • already Dead). 

(cperirnent 8). 

Lkeea E.p.g. Day 8 E.p.g. 	Day 22. Mean 
Day  

Nean 
Day 22 

o o 0 0 0 0 0 0 0 0 
o ioo 0 0 0 0 0 500 500 1000 0 500 
0 500 0 0 0 0 300 700 1300 3.500 0 950 
o 2500 0 0 0 0 D 33300 3000 13100 0 8130 

100 0 400 600 900 D 0 0 630 0 
100 100 100 200 730  1200 0 0 0 0 550 0 
100 530 0 3)0 iOO 800 0 0 0 0 375 0 
100 2500 200 300 530 900 0 0 0 400 475 100 
100 12500 300 430 700  1000 1) D D 1500 600 1500 
500 0 500 1400 1500 0 0 0 1133 0 
500 500 100 700 1100 1100 0 0 0 0 750 0 
530 2530 4.00 300 930 1300 0 0 0 100 850 25 
500 12500 600 800 1000 1330  2200 3500 5000 9000 925 1925 

2500 0 5230 7600 9300 0 0 0 7530 0 
25 0 2500 6000 7400 8700 10100 0 0 0 0 8050 0 
2500 12500 4200 6900 9100 11000 1) 1) 3 0 7800 0 



TABU 31. 

The nbr of woms recovered per section per rat from each grouping. 
(Experiment 8). 

let done 

2nd dose 

iatsused 

0 

0 

33 

3 

100 

0 

500 

4 

0 

2500 

3 

100 100 

) 10) 

34 

	

100 	100 100 

500 2500]2$0(; 

	

4 	41 

	

500 	500 	500 	500 

	

) 	 500 250012500 

	

3 	44 	4 

2530 

3 

	

2500 	2500 

2500 12500 

	

1+ 	1 

3ectton 1 1) 8 45 . 4 1. 1 5 2 4 
2 10 9 31 34 1 1 1. 2 3 1 4 
3 7 9 55 1 	4 2 3 1 
4 14 18 455 9 	4 1 2 7 
5 12 58 51' 9 	3 1 2 1 26 1 1 
6 3 45 184 1 1 15 1 
7 133 10 1 1 5 

3 Li 37 1 
9 1 3 1P 2 3 

13 1 2 23 2 1 

U 1 5 1 1 14 
12 1 5 1 1 26 
13 1 4. 1 40 

14 1 44. 5 

15 1 5 11 
16 1 4 
17 1 6 U. 
18 1 3 2 

19 2 19 
20 3 

Mean 
Thtal 0 62 234 1511 22 	21 10 1 10 1 	1 1 67 9 5 144 

OD 
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The Mean and Mode 	o'itiMn 	ark! th 

distributions in the eirU 

,rperiie nt 

:...:.L'da-"Ovi.aLlona of 

ilite3tifle of each rat. 

8). 

the worn 

Rat Dose rates Tot&1. Mean Mode 0' 1,  Rat ibee rates Total Mean Mods 0 % 
rec- reco 
very very 

1 0 0 0 31 1:012500 Died 

2 0 0 0 32 10012500 Died 

3 0 0 0 33 10012500 Died 

4 0 100 Died 34 100 12500 10 4,0 4 4.0 <1 

5 0 100 85 11.0 3 2.6 85 35 500 	0 2 1.5 14 0 <1 

6 0100 61 3.2 341.2 6136500 0 0 0 

7 100 39 2,0 k 1.8 39 37 530 	C 2 1.5 14 0 <1 

8 0 500 14.6 5.9 54 2.6 29 38 500 	530 0 0 

9 0 500 179 5.1 453.1 36 39 500 	5:3 8 9.9 64 2.6 2 

10 0 500 374 4 .7 4.4 2.0 75 40 500 	500 0 0 

11 0 500 103 6.3 5 2.6 21 41 50 	5X 0 0 

12 0 2500 Died 42 500 	2500 0 
2 4.5 44 0 

0 
<1 13 0 2500 2027 4.4 3 2.1 81 13 500 	25u0 

14. 0 2500 981 5.1 4,4 2.5 30 44 500 	2500 0 0 

15 0 2500 1530 4.7 3 2. f1 45 500 	250 0 0 

16 100 0 b2 3.6 4 1.2 62 46 500 12500 U 1.7 44 2.9 <1 

17 100 0 0 0 47 530 12500 249 5.3 44 2.6 2 

18 100 0 4 2.0 2 .5 4 48 500 12500 0 0 

19 100 100 16 2.5 24 1.4 16 19 500 12500 1 5.5 54 <1 

20 100 100 23 2.7 3 1.6 23 50 2500 	0 2 .5 4 c <1 

. 100 100 20 1.8 1.5 20 51 2500 25 1.5 5 1.8 1 

22 100 100 19 3.9 3 1.9 19 52 2500 	0 0 0 

23 100 500 5 2.7 2 2.2 1 53 25000 2530 12 1.5 i4 .9 <1 

24. 100 500 20 1.5 4 1.]. 4 54, 2500 	2500 3 5,2  44 1.2 <1 

25 100 500 6 4.1 2 4.7 1 55 2500 	2500 0 
2 .5 4 0 

0 
(1 26 100 500 1 55 55 < 1 56 2500 	2500 

.7 100 2500 0 0 57 2500 1253 Died 

28 100 2500 2 1.5 14 0 < 1 58 2500 12500 Died 

29 100 2500 0 0 59 2500 12500 Died 
104 4.4 1 30 100 2500 4, 1,5 i4 1.2 <.1 60 2500 12500 144 14.0 
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Table 31 shows that less than 25% of the last dose given were recovered from 

these rats, whilst in rate with only primary infections up to 85% of the 

last dose were recovered U days later. In the four rate which had 

had primary and secondary infections of 100 larvae, 16-23% of the last 

dose were recovered on Day 25. In all the other rats given two infections 

the number recovered was less than 2%. This sujgests that the degree 

of resistance shown by the rat depends on the size of both the primary 

and secondary dose; that the higher the primary dose the more resistant 

the host becomes and that the higher the secondary dose the more likely 

this resistance is to be elicited. It can be held on This evidence 

that a primary dose of 100 larvae can render the rat potentially resistant 

but that this potentiality is only realised on receiving the stimulus 

of the secondary dose, and that 100 larvae are too few to fully elicit 

the resisting reactions. 

If the evidence of the egg counts is added to this the picture 

becomes somewat complicated. All those rats challenged with secondary 

infections which were the same size as the primary injections showed 

no eggs in the taec.e after eight days. 

As the size of the secondary dose increased, relative to the primary 

dose, eggs were found in increasing numbers in the faeces. 

Thus whilst low secondary doses appear not to elicit as effective 

a reaction against the worms they are also unable to overcome the 

resistanbe sufficiently to allow egg laying to take place. Lagger 

secondary doses appear to be ale to vreomeths resistance to igg 

laying but in so doing elicit a relatively much gre.f.er  reaction which 

more quickly eliminates the worms. 
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This experiment did not examine the relation of secondary doses 

that are smaller than the primary doses. The lapse of 11 days after 

the secondary dose was too long for a study of the distribution of 

the secondary infection to be made. The size of the egg counts on 

the eighth day indicated that at that period the secondary infection 

had become sufficiently well established to reprouce. 

TRAN.3FERRD STAGES 

THE DISTRIBUTION OF NIPPQST)N3YLUS BRASILIENSIS IN THE SMALL INTESTINE 
OF RATS WHICH HAVE HAD INTESTINAL STAGES OF THE WOT4 TR03FER1D TO Th'T 

FROM DONOR RATS IS PRIMA AND/OR SECONDARY INFECTIONS. 

Experimental Plan 

Fifty male rate were available for this o rk. The mean weight was 

268 ± 62 gas. and the age on Day 0 was 98 1  7 days. The animals were 

divided into two groups, Group 1 consisted of 2& rats which were intended 

to be donor rats and Group 2 consisting of 25 rats was the expsrimenta]. 

group. There was an unusually high variation in weight in this group 

and in order to make the experimental group as uniform as possible Group 1 was 

made up entirely of those animals at either end of the range of weights. 

The weights of Group 2 on Day 0 was 288 31. gm. 

The animals in the experimental group were divided into nine sub-groups 

(eight containing three animals, one containing two). There were two 

infecting occasions Day,  0-3 and Day 27-30. On each of these each sub-

group was given one of three treatments: 

normal infective larvae given subcutaneously, on either 

Day 0 or D&y 27; 

fourth stage larvae transferred from the small intestine 
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by stomach tube on either Day 3 or Day 30; 

(3) no worms at all. 

Daring the experiment four animals died from an undiagnosed 

condition. There appeared to be no ill effects In the remainder. This 

necessitated a certain amount of rearrangement within the sub groups, 

as two of the deaths had occurred in Group 2. Table 33 shows the plan 

of the experiment with the experimental groups in the rearranged order. 

The rate in Group 1 were divided into two lets, one being infected on 

Day 0 and killed on Day 3 to provide intestinal stages for traneferrence. 

The second lot were infected on Day 27 and killed on Day 30. The rats 

in Group 2 were killed on Day 33, that is when the second infection wes 

six days old. The smnII intestines were removed and divided, using the 

Haruspicator, into twenty sections. 

Special Methods 

The method used for transferring the intestinal stages of the worm 

from one rat to another was as follows: the donor rate were infected 

subcutaneously on Day 0 and were kept as norm.11y infected rats until Day 3. 

They were killed under ether and immediately opened. The email intestines 

were removed and the anterior half was separated. This half was opened 

in 1% NaHCO 3  solution. Any large boluses of &gesta were removed • The 

mucosa was lightly scraped. The bris wam placed in 12 ml. centrifuge 

tubes to allow the worms to sediment. After one washing in bicarbonate  

they were given further washings in 0.85% NaCl solution. The cleaned 

worms were resuspended. An aliquot w taken and the number of w*'ins 

it contained was estimated. The volume of the stpeneion was then 

adjusted so that 2 ml. contained 2000 larvae. (On the second occasion 
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TABLE 33. 

Plan of Fcp.rimerit 9. 

GM UP 1 	Donor Fkts for production of transferred stages. 

12 Infected 6000 larvae Day 0. 	Killed Day 3. 
10 Infected 6000 larvae Day 27.  Killed Day 30. 

GROUP 2 	Eicperimental stats, all ill.d on Day 33. 

rr) 3 rate given 2000Trans ferred stages Day 3. 
1000 Transferred stages Div 30. 

TO 3 rats given 200Q Transferred stage. Dy 3. 
20(X' Norma]. larvae Day 27. 

TJ) 3 rate given 2000 Transferred stages Day 3 only. 
NT) 3 rate given 2000 Normal larvae Day 0. 

1000 Transferred stage. Day 30. 
NN) 3 rate (1 died) given 2300 Normal larvae flay 0. 

2000 Normal larvae Day 27. 
NJ) 3 rats (1. died) given 2000 Normal larvae Day 0 only. 
0?) 3 rate given 1000 Transferred stages Day 30 only. 
ON) 3 rats given 2030 Norma]. larvae Day 27 only. 
00) 2 rats kept as uninfected controls. 

26As, it was not known on Day 27 that only enough worms to give each rat 
1000 transferred stages wou'd be recovered on Day 30 it ha! to Is assied 
that events would be as favourable as on Div 3 when enough 4th stage larvae 
were recovered to allow for 2000 worms to be transferred to each rat. 
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there were not enough worms to give each rat 2000 larvae and the euspe sion 

was then adjusted so that 2 ml. contained 1000 larvae), 

The worms were transferred to the recipient rate by injecting them 

into a polythene tube placed into the rats oesophagus or stomach. About 

eight centimetres of 2 un. bore polythene tubing was attached to the and 

of a 1.3 mm. bore hypodermic needle fitt d to a 2 ml. syringe. Raving 

ensured that the suspension was thoroughly mixed 2 isis. were withdrawn 

into the syringe. The recipient rat was held by an assistant with its 

neck as straight as possible. The tube was pushed gently into the mouth 

and pharynx. Once the rat had swallowed the end of the tube it was 

pushed until its and was in the region of the lower oesophagus. The 

worms were injected into the tube • The vringe was det.acted and]. is].. 

of saline drawn in, which was then used to wash the worms remaining in 

the tube into the oesophagus. The tube was easily withdrawn and the 

recipient rat returned to its cage. 

Results 

Table 34 Warns in each section of the email intestine in each 
grouping. 

Table 35 Principal parameters of the distribution of worms in 
each rat. 

Table 36 Mann Whitney and 'F' tests of significance of results 
obtained from groups '0?' and 'NT + TV. 

Figure 26 Histograms showing the distribution of worms in each 
group. 

Figure 27 Sections containing more than 5% of the worms recovered 
from each rat. 

Nearly 79% of the worms given by the normal route compared to only 

6% of the transferred worms were recovered six days later from the previously 

uninfected rate • Thus the actual process of traneferrence must damage 
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TAKE 34. 

The mean rubers of ,ormR recovered pe r rat from each section of the 

small inttins in each group. 

(Experiment 9). 

Group 
Rats 

1 00' 	'ON' 
2 	3 

'OT' 
3 

'NO' 
2 

'NN' 
2 

'NT' 
3 

'TO' 	'TN' 
3 	3 

'TT' 
3 

Section   1 2 4 2 3 
2 8 5 1 2 1 
3 139 1 17 1 37 1 
4 600 1 1 40 147 2 
5 459 4 24 1 35 1 
6 201 5 67 9 2 
7 101 7 5 5 2 

40 7 5 3 1 
9 18 9 2 

10 6 13 1 
U 3 4 
12 2 
13 1 3 1 
14 
15 1 3. 2 
16 
17 1 
18 7 
19 
20 1 

Mean Total 0 	1577 61 2 167 8 0 	2145 16 
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TAM iS. 

The Mean and Mode pott.iona and the standard deviations of the distributions 

of worn., as well as the total rnmber of worse recovered from each rat. 

(Experiment 9). 

Group Mean We Standard Deviation Total 

1 '00' 0 
0 

2 'ON' 4.2 3.5 1.2 14U 
4.6 4.5 1.5 1637 
4.2 3,5 1.3 1692 

3 'CT' 7.5 8.5 1.7 26 
8.3 9.5 2.5 56 

10.4 9.5 3.9 109 
4. 'NO' 3.5 3.5 1 

2.5 2.5 1 
(Dead) 

5 !NN' 4.9 5,5 1.7 239 
3.6 3.5 1.2 89 

(Dead) 
6 'NT' 5.3 4.5 4.5 20 

0.5 0.5 0 9 
0 

7 "t'O' 0 
1,5 1.5 1 

0 
9 'TN' 6.9 3.5 1.1 5 

3,7 3.5 1.7 674 
4.6 4.5 3.0 57 

9 'TT' 2.8 2.5 0.6 3 
4.7 0.5 4.2 22 
7.4 6.5 5.5 22 
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TABLE 3. 

Non-parametric Mann-Whitney 'U' test (Seigel, 1956) and parametric 

'F' teat (Sn.decor, 5th .., 156) applied to total counts of worms 

obtained from group. (OT) and (NT.TT). 

(Experiment 9). 

I_ IL - 

Group n 	Counts (x) YX 	I 

(OT) 	A 3 	26, 5, 109 191 63.7 15693 
(NT.TT) 8 6 	0, 	3, 9, 20, 22,22 76 12.7 1458 
Total. 9 267 29.7 16151 

c.(x) .7921 

nn-Wbitney 
Ranking: B; B; B; B; B; B; A; A; A; 	 'tJ'.O - 

P ('U'-O; n.6; b-) 	. .013 

£nia)v4ji of Yariane. 

9oirce of Mean 
variation S. of S. D.of F. Square 

Total 21C..0 6230 8 
etwssn 
groups II& + 	 -C 5202 5202 

WV-11-in 
Group. 1028 7 149 

'F' teat 

Can the variationbbetw.en groups be solely due to the 
variation between rats which have received the same 
treatment? 

P(i 7) . 5202/149 - 34.9 	p ( .01 

Answer NO 



Sol 

Sol 

—=MA. _NN 
o 

loot 

50] ML 
2 	4 	6 	8 	10 	12 	14 	16 	18 	20 

Sections of small intestine 

In 
E 

0 

0 
L 

E 
C 

C 
0 

400 

C 350  
0 

300 

250 
0 

200 
E 

150 

. I00 

050 
U 

I- 

129 — 

190  MIAMI- 

Histograms ahoing the number of i'vrme recovered from each 
e11itestin*1 sac-Ion tn ichgroup of infected rats. 

(Experiment 9). 



FLU 27. 

Group 
ON 
OT 
NO 
NN 
NT 	- 	- 
TO 
TN 
TT 	 - 

I 	I 	I 	I 	I 	I 	I 	I 	II 	I 	I 	1 	I 	I 	I 	I 
2 	4 	6 	8 	10 	12 	14 	16 	18 	20 

Sections of small intestine 

I-' 

Sections vkIch contained more than 5 ,f the total nianb r of worse raw vered from the small 
intestines in each group of rats. 	&ach horizontal line represents 	group of rats. 

zperiE.nt 9). 



- 13]. - 

the worms • The distribution of the worms in the 'OT' group when 

compared with the 'ON' group shows that the transferred worms did not 

behave normally in the recipient rats. The mean position of the worms 

in the former group is 9.4 whereas in the normal infected group it is 

1.3. This posterior position is most unusual at this s tags of a 

primary infection and was uniform to all three rats in the group. The 

sex distribution in these rats shows that the effect of transferring is 

more or less the same in both sexes • The worms were transferred into 

the stomach and passed from there to the intestine, and it is possible 

that this was the damaging process • Two alternative methods suggest 

themselves. One is to subject the rat to surgical interference and 

introduce the worms directly into the small intestine; the other is to 

collect the worms from the lungs and give them to the recipient rats by 

oesophagea]. tube. It is obviously quite normal for lung stages to pass 

through the stomach, 

The sub groups in this experiment are small. Fifty to Sixty was 

almost the maximum number of rats that could be handled in one experiment. 

However, certain very' definite inferences can be drawn from the 

exniment. The 'NO', 'TO' and 1 00' groups have behaved as would have 

been expected and can be regarded as satisfactory controls • The four 

groups which had had two infections - 'TT', 'TN', 'NT', 'NW' - show the 

immunizing effect of the first infection on the second infection. 

It is known from the 'OT' group that the transferred worms are not in 

good enough condition to be used as reliable challenge doses, but comparison 

of the 'TN' and the 'NN' groups shows that they are able to stimulate as 

good an immunity as the normal worms. Thus the passage of f he worms 
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through the skin and lunge ig not in essential prerequisite for stimulating 

an i-'munity against further infections of this worm. The evidence from 

this experiment does not ow if the izzmunity stimulated by the 

transferreti stages operates in the skin and lunge as would the immunity 

stimulated by normal larvae, but it does s 1 ow that the ininunity acts 

before the worms are six days old and that it is as good as the immunity 

resulting from a normal infection. The inference is that this immunity 

is identical with that induced normally. 

The low percentage of worms recovered from the 'OT' group (6.4) 

makes it difficult to say itether the 2 recovery from the 'N'' and 'TT' 

groups is significant. The Mann4hitriey non parametric 'U' test shows 

a probability of less than .012 for these being drwri from the same 

poplilation. If it is assumed that there is homogeneity of variance the 

F test when performed on the absolute numbers of we recovered gives a 

probability of .01 for the numbers recovered from 'OT' being from the 

same population as 'NT' or ITT'. Thus there are grounds for the view 

that worms which have had no experience of 'immune' skin or lunge can be 

rejected from the small intestine. This experiment suggests that there 

are both afferent and afferent immunogenic pathways in the small 

intestine of rats. 

X?iiUMNT 10. 

THE DISTUBUTION OF P? T)NGYLtJ BRA:ILL3Iz IN THZ SMALL INTE.3TINE 
OF RAT" WHICH HAVE HAD LUG STtGES OF THE WOV TRANSFERRED TO THEK FROM 

DONOR RATS ALS PRI1Aff Oi 	CONE.U! INFECTIONS. 

Experimental Plan 

This experiment was smaller than acperiment 9 and different from it 
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in that te transferred worms were collected from the lungs and not from the 

rr1l intestine of the donor rats and in that transferred worse were only 

given on the -'corir dosing occasion (i.e. the 	'TT' and 'TN' groups 

were omitted). This was because not enough rats were avail&i.e at the 

time. 

Thirty male rats 'god 114 days on Day 0 were used. Twelve rate 

were reserved as donors; the other eighteen being kept for experimental 

comparisons. These rats were divided into six groups of three each, 

and given the treatments '00', 'TO', 'ON', 'RN', 'NT' and 'OT' 

respectively. The dosing o-casions were separated by an interval of 

35 nays. The deiUs of dosing are given in Table 37. 

Special Method 

The twelve donor rats were infected with 6,200 larvae on Day 35 and 

were killed two days later when most larvae would be ibout to leave the 

lungs for the intestine. The lungs were removed, cut up with scissors 

and placed in an Atomix blender, which was run at half speed for 5 

minutes, sufficient saline had been added to allow t'.orough larding' to' 

take place. Micrr,scopic examinxtion s "wed that most of the larvae were 

apparently undanaged by this process. The larvae were washed in a 

centrifuge ( 1000 r.p.m.), concentrated and counted. 

13000 lung stages were recovered from a total infection of 72000 

larvae, i.e. 18. 100 larvae were given to each of the six rats in 

the 'OT' and INTO groups, by oesophageal tube as described in &perintent 9. 

The animals were killed on Day 41, six days after the start of the 

second dosing period. 
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TABLE 37. 

Plan of &periment 10. 

Group I 	Donor rate for production of transferred stages. 

12 rats infected 6000 larvae Day 35 Killed Day 37 

Group 2 	Experdimental Rate 	 Killed Day 41 

00) 3 rate kept as uninfected controls 

ON) 3 rats given 2000 Normal larva. on Day 35 only. 

OT) 3 rate given 1800 Transferred stages on Day 37 only. 

NO) 3 rat. given 2000 Normal larvae on Day 0 only. 

NW) 3 rats given 2000 Normal larvae on Day 0 
2003 Normal larva. on Day 35. 

NT) 3 rate given 2000 Normal larvae on Day 0 
1800 Transferred stage. on Day 37. 
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Result. 

Table 38 Worms recovered from each section in each group. 
Table 39 Principal parameters of wore distribution in each rat. 
Table P  4 Mann Whitney and 'F' tests of significance of results 

obtained from-,groups 'OT' and INTI. 

Figure 28 Histograms of worm distributions in each group. 
Figure 29 

	

	ections containing more than 5 of the worms recovered 
from each rat. 

The transfer of lung stages by stomach t be was successful in that 

9% of the worms were recovered six days liter. In normal infections, on 

the evidence of Rxperiments 1 and 5, about 50/ of the worms can be 

recovered on Day G. Although it is not known If the is that were 

transferred represent precisely the same worms as would be recovered 

normally from the small intestine, it must be true that some at least would 

if left undisturbed have reached the intestine b' the sixth day. Thus 

it can be argued that by this method some 15-18% of the possible take were 

recovered. Clearly there is need for improvement. Probably the bet 

wa" of administering the worms would be to feed the donor
, 
 lungs to the 

recipient rats, reserving sufficient material to be able to compute the 

dose in retrospect. 

The groups of three rats are obviously on the borderline of significance. 

However, the results do confirm the finding in Experiment 9 that the 

intestinal s tages are themselves susceptible to ejection by the immune 

mechanism; that 	no 'premedication' of the worm or the host during the 

migratory stages of the secondary infection is needed and that the'e 

is an adequate efferent immunological p. 	y in the inte tine. 
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TVAE 3. 

The mean ntber of varms recovered from ach section of the 

aa11 intez3tira in each group. 

(Exriaent 10). 

Group 
Rate 

100' 
3 

IONI 
3 

'OT' 
3 

'NO' 
3 

'NT' 
3 

'MN' 
3 

Section  7 7 5 
2 1 1 7 1 13 
3 91 4 4 3 6 
4 145 13 1 2 6 
5 123 28 2 4 
6 93 37 3 3 
7 63 28 3 
8 43 26 
9 16 12 

10 7 8 4 
II 2 2 2 
12 1 1 
13 3 
14 
15 1 
16 1 
17 
18 2 
19 1 
20 1 

Man Total 0 594 159 20 18 68 
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TABLE 39 

The Mean and Mode position and the standard deviation of the 

distribution of verms, as w1-1 as the total number of worms recovered 

from the email intestine of each rat. 

(Experiment iO). 

Group Mean Mode Standard Deviation Total 

'ON' 5.1 4.5 1.8 an 
4.3 1.5 1.6 465 
4.4 3.5 1.7 491 

'OT' 6.7 4.5 1.7 E3 
5.9 6.5 1.8 152 
6.0 5.5 1.8 246 

'Nu' 4.3 4.5 1.7 4 
1.7 1.5 1.9 59 
2.5 2.5 0 2 

'NN' 5.6 1.5 3.3 140 
4.6 1.5 4.3 15 
5.2 0.5 3-A 47 
3.5 3.5 3.6 3 
3.1 0.5 2,2 16 
2.4 0.5 1.8 36 
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TABLE 40, 

Non-paremstric Mann-Whitney 'U' test (Seigel, 1956) and parametric 

'F 1  teat (Snedecor, 5-th ed.,, 1956) applied to the results obtained 

from groups 'Di" and 'NT'. 

(xriment 10). 

LS 
Group 	rate Totals of wares 

OT (A) 	3 	23 152 246 
NT (B) 	3 	3 	16 	36 
Total 

C 

481 160.3 90509 
55 27.3 1561 

536 92070 
- 47282.7 

I inn-Whitney 'U' teat 
1nkinga B B B A A A 

P (U-0; n - 3; r - 3) . .05 

Analysis of Variance 
Source of Mean 
variation S.ot S. D.otP. Square 

Total 	IX2  - C 44187.3 5 
Between 
groups (N'Y/na • (x)/nb_c )246Q 1 30246.0 

Within 
groups 13941.3 4 3425.3 

IFItest 

Is the variation between groups due to the variation 
between rate which have all received the same treatment? 

• 3 =46 2. 8.68 p<.05 
' " 	3i85.3 	 Answer NO 

There is therefore a significant difference between the 
treatments  
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Sections of small intestine 

Ristogr -as showing the number of worms recovered from each 
smeU—inteetinl section in each group of infected rats. 

(Experiment 13). 
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ON 
OT 
NO 
NN 
NT 

2 	4 	6 	8 	10 	12 	14 	16 	18 	20 
Sections of small intestine 

Sections which contained more than 5f of the total nber of worms recovered from the email 
intestines in each group of rats. Each horizontal line represents one group of rate. 

(cperiment 10). 

(_. 
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Ex?IMEWF U.. 

AN EXTRIMENT DSSINED TO SR1 IF UVIUNOUMCAL TOLERANCE OF NI?PTNYLtJ 
BA3ILINSIS Q)UL[) Egg INDUCED IN RATS BY EIPO:31?G TH4 TO INF&CTIONS ON THE  

FIST D5IY OF LIFE 

Experimental P!3.an 

If rats are to be shown to be immunologically tolerant of N. brasi1ieni5 

they must be given an infection of the worm during the first eight days of 

life to induce the tolerance. Later in life they must be given a normal 

'primary' infection to stimulate an immunity and subsequent to this a 

'eecondarv' infection to teat whether or not an immunity has been 

produced. There seem to be no grounds to assume that in tolerant rats 

a greater percentage of a 'primary' infection would reach the intestine 

than in intolerant rats. The proportional increase that might occur could 

not be very great -when it is remembered that between 50 and gO%  of a 

primary infection can be recovered normally. Ewert and Olson (1960) 

tried to see if mice could be made tolerant to TrichiqeUa 3liralis by  

injecting them at birth with an antigen made from Trichinella larvae; 

using an increase in the nwnbsr of worms recovered from a primary 

infection at six weeks as the criterion of tolerance. In Experiment U 

rate were given a 'tolerating' dose of larvae, an 'immunizing' dose and 

a 'challenge' dose. Evidence of tolerance would be the recovery of a 

significantly higher rnmber of worms after the 'challenge' dose in rats 

which had received the 'tolerating' dose than in those iEith had not. 

In a preliminary experiment half of the rats in each litter had been 

given the 'tolerating' dose the other half being reserved as controls. 

However, it was found that cross infection took place, presnably 

immediately after infection when larvae could be imgined to quite easily 
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pate through the thin skins of adjacent day-old rats. Because of this 

whole litters were given the same treatment at one day old, it being 

hoped that between litter differences vauld be negligible when compared 

to differences between treatments. 

Six female rats were mated on the same day. The offspring of three 

of these were infected with about 60 larvae. The larvae were given 

subcutaneously, in about .1 ml • saline. The mothers were given a light 

ether-anaesthesia during the handling of the young, which were each 

dabbed with a spot of ether before being returned to the neat. The 

ether served to mask any foreign smells on the young. None of the 

infected rate in two litters died but in the third the mother removed five. 

When the rats were six wseks old some of both groups were given an 

'immunizing' infection of 300 larvae. 

Fbur weeks later rate were challenged with a further dose of 300 

larvae, after which they were killed on the sixth, ninth, twelfth or 

eighteenth day. 

Results 

Table 42 Mber of worms recovered from each rat. 

The challenge dose of larvae was 300. This was probably a mistake. 

Bpe'iment 8 has shown that 1.0 larvae in a primary do3s can protect rats 

against a very much hi 'her secondary dose. Had 1000 larvae been used 

the difference between the numbers of survivors from previous infections 

and the survivors of the challenge dose wouM have been much more obvious. 

In this experiment, quite apart from the rats which had received the 

'tolerating' dose, the results fi w group OOL should have shown more worms 
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TAZ 43 L 

Plan of pe1.ment U. 

I- 

Group Hats 'Tolerating' does 
Day0 

'Iuni2ing' dose 
Day 42 

'Chailenpe' dose 
Day 69 

Dave 
6 	9 

killed 
12 18 

LLL 12 + + + 22 

LW 12 + + 4 4 22 

LOL 3 + 1110 

LOO 2 + 1010 

OLL 15 + + 5532 

OLD 15 • 5532 

OOL 3 • 1110 

•000 2 1010 
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TA BLE ii to 

Number of wora recovered from the eaU intestine of each rat. 

(Experiment U). 

Group Day killed Worms Mean iT Group flay killed Worms Mean 

ILL 6 U U 	OIL 6 37 
68 7 
17 59 
52 22 

37 3231 

9 86 9 5 
20 85 

123 18 
3 125 

58 19 50 

12 193 12 59 
25 2 

109 118 60 

18 10 18 14 
32 

21  8 U 

LW 6 86 OW 6 9 
101 5 

14 19 
22 1.5 

56 90 2 

9 59 9 4 
4 57 

16 13 
U 67 

23 1.6 31 

12 22 12 48 
2 49 

12 8 35 

18 21 18 9 
0 U 77 43 

LOL 6 29 OOL 6 14 
9 175 9 136 

12 17 74  12 19 56 

]jDO 6 3 000 6 0 
12 0 ___ 

 
2 ___ 12 0 0 
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than OW or OLL. The fact that thin did not occur is sufficient 

grounds to ",' -i rd the exeriment is a fntilijre. 

DATA COLLECTED F 	ULTS OF SVE.AL  EVEUMENTS 

Effect of weight on distribution of worms as shown in data from 
several, experiments 

From experiments 4, 5, 6, 8 v  9, and 10 it is possible to assemble 

60 pairs of rats with primary- infections in which there are no 

differences in age, sex, history or treatment. The difference in the 

weights of the two rats in each pair can be compared with the differences 

in the mean position of the worms, to see if it is the weight of the rat 

that determines the mean position of the worm population. Table 43 

gives this data and also the value of r obtained from it. It can be 

seen that there is no evidence of significant correlation, although 

the mean weight difference being nearly 22 grams. 

The conclusion drawn is that the differences observed between the 

distribution of the worms in the two sexes of rat cannot be attributable 

to the weight difference of the two sexes. These differences must now 

be assumed to be true sex differences. 

Distribution of Payer's Patches 

The number of Payer's patches in each section was recorded for 106 

rats. Some of these had had no worms, some had had one or two infections, 

and others had had more than two Infections. They were drawn from 

Experiments 6, 7 and 11. Figure 30 shows the distribution of the 

patches in each sex of rat and Figure 31 shows the distribution in rate 

which have had one and two infections. 
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Comparison of the difference in weights (w) and in mean wom positions (m) 

in rats with prisary,  infections (Uirf. w i1ways "cprossed as positive). 

Where an odd number of rats in a group the first pairs have always been 

taken, omitting the last. rat.. 

am. 
Rat 
No. W_-_14 

it 
No. W 	K 

14 f Diff 
W 	14 zxP . 

Ut 
No W K 

at 
No. W P1 

Diff Di 
W 	K Sex 

4 1 2414  6.7 3 222 5.9 22 .8 & 5 9 465 .) 10 385 5.7 10 -.7 
5 222 6,4 7 190 5.1 32 1.3 " " 13 435 5.5 11 365 5.9 70 -4 " 
9 217 5.0 U. 213 5.5 4 -.5 ' " 17 425 4.6 18 425 6.3 0.7 

" 13 237 4.4 15 201 5.1 38 -.7 21 390 5.6 22 400 5,3 10 -.3 " 
" 17 218 5.3 19 227 7.4 9 2.1 " 25 375 .5 2 425 6.5 50 2.0 

21 212 C.i 21 215 6.9 3 1.6 ' 
" 

" 29 450 5.8 30 438 6.0 12 -.2 " 
25 ,  M 6.. 27260 3.7 40 -.2.5 33 %5 7.7 34 380 6.2 15.1.5 

" 29 245 2.7 31 220 2.3 25 4 " " 3 2' 6.2 4 220 6.0 45 	.2 
" 33 226 6.0 35 202 4.5 24 1.5 " " 7 22c 7.5 t 240 6.1 15-1.4 

41 2171.3 1.3a4 3.2 3 -1.9 " U 230 6.2 12 230 6.9 0 -.7 " 
49 233 1.3 51 226 1.8 9 -.5 " " to 

 15 255 5.9 16 245 6.14 10 -.5 U 

U  53 229 3.8 55 205 1.1 24 2.7 " " 19 205 5.7 20 250 6.5 45 .8 
2 188 8.2 4 197 6.0 9 -.2.2 9 " 23 215 6.5 24 195 7.5 20-1.3 " 

" 6 1 1 0 6.5 P 175 6.5 5 0 " 27 220 5.9 28 260 7.0 40 11 
" 10 182 6.1 12 138 â.0 o - .1 ' 31.. 27 5.5  32 250 6.4 20 -.9 " 

14 191 5.5 16 183 5.7 8 .2 " 
" 

" 35 245 6.1 36 270 8.9 25 2.8 " 

18 204 5.6 20 176 6.9 28 -1.3 " 6 6 213 1.0 8 208 5.9 5-4.9 
" 22 196 6.9 24 187 6.2 9 .7 of  16 278 7.0 17 227 4.5 31 2,5 

26 19 6.8 28 230 7.8 34 1,3 ' " 26 231 3.5 27 237 3.1 11 	.4 
" 30 233 6.1 3217710.6 26 -4.5 " " 9 249 5.6 10 242 5.6 7 0 
" 34. 184 6.2  36188 Si. 4 -1.1 " " 19 21 5.3 20 254, 5.5 37 ....2 U 

38 175 1.3 40191 2.5 16 1.5 " " 29 271 5.8 30 297 7.0 2612 " 
" 42 205 2.7 46 177 2.11 €.6 -.1 " 8 5 221 4.3 6 219 3.2 3 	.8 
" 48 193 1.2 50 203 1.5 10 .3 8 284 5.9 9 228 51 5 	g 

54 179 2.5 5 	195 1.3 1 -1.2 U U  10 278 4.7 U 277 6.3 1-1.6 
5 1 420 6.1 2 1410 6.3 20 .2 C' " 13 267 4.4 14 296 5.1 29 1.0 " 

5 340 6.1 6 345 6.3 5 .2 Th 273 3.8 12 290 ,0 12-1.8 " 
8 35 272 1.5 372451.5 21 0 9 21 2554.2 12  260 4.6 5 	64 c? 
" 30 285 .5 51 285 1.5 0 1.) 10 10 230 5.1 11 206 4.3 24 	.8 " 
9 3 247 3.5 5 325 2.5 78 -1.0 Cf 13 191 4.3 14 188 1.7 6 2.6 

01ff W • 21.58 gras. 	 4ff 14 -.057 of i ;ct.ior 
r +..129 	fl 60 	p • >.05 	Not significant. 

Had there been a significant effect to explain the sex difference 
observed 	r • -.230. 	(see tithir, 14 9  p. 2)9). 
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Sections of small intestine 

Percentage incidence of eyer 's patches in each section of the  
small Intestine of male and of female rate. 
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FIGURE 31. 

Percentage incidence of Peyer 's patches in each 
seal] intestine of sets which have had more than 
(resistant) and of rats which have had only one 

section of the 
one infection 
infection 

(susceptible). 
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DI3cTIO 

cltures 

It is not difficult t3 culture Nippostrongylus brasiliensis to the 

infection stage. Fggs are laid in great profusion and develop to the 

infective stage in a few days. When larvae are needed for subcutaneous 

injection it is e,sent1l that they be as clean as possible. Severe 

bacterial contamination can arise from the faeces in which the larvae 

are cultured. However, any other material is an undesirable contaminent 

because it can cause an inflammatory reaction it the site of the 

injection. For this reason charcoal cultures are not good as not only 

are the faeces and the charcoal veir much intermingled making it difficult 

to separate the larvae blustered on the charcoal from the faeces, but 

also the charcoal itself is liable to break up on handling resulting in 

a dust that is laborious to eliminate. Barakat t e (1951) technique 

of culturing on filter papers and utilizing the migration of the larvae 

allows a very easy separation of larvae from faeces to be made. In this 

work his technique has been slightly modified to improve the stability 

of the cultures. ?ilter paper is apt to bend and sag and should it 

touch the side of the container the larvae do not stop migrating at the 

edge but carry on onto the walls of the container. Substituting 

filter pads, which have greater rigidity, removes this hazard. The 

support of the filter paper or pad must be such that water can reach the 

paper without the paper's edges touching the container, in other words 

it must be pennea1e to water and it 	hr flat. Pulp board discs 

are 3uperior to cotton wool pads in meeting these requirements and they 

can be set up very rapidly. 
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Wilson's (196) met ,  od o' culturing has the advantage of allowing 

large quantities of faeces to be cultured without too much labour 

being spent on setting the system uD. However, where only small 

quantities of faeces are available it is still preferable to use the 

technique of filter pads supported on pulp board discs. 

Transit time. 

After the eggs have been laid by the worms the principal source of 

inaccuracy in egg counts rises from lack of knowledge of the ra of 

passage from the upper small intestine to the anus • Te ideal would 

be to sample the eggs directly' through an intestinal fistula, but this 

cannot be done without serionsly ffecting the hot in a way that 

would probably alter the course of infection. In the absence of 

knowledge of how long a particular piece of faecs3 has taken to traverse 

from the small intestine to the exterior and of how much it has been 

mixed with faeces that had passed the adult worms before or after, an 

approximtion of he transit time must be made. 

When a bateh of eggs has been laid in the upper small intestine 

the eggs will become gradually separated in their passage to the anus. 

A few will be passed sooner than the majority and a few will be passed 

later. Most will be passed at the same time and it is this time, the 

mode, which can be taken as that at which the faeces contain the 

greatest proportion of the original batch of eggs and smaller 

proportions of batches laid before or after. 

The feeding of marked foodstuffs measures the transit time from 

mouth to anus, vkich must by definition be longer than that from 

small intestine to anus. Thus estimates of the total transit time 
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provide outer limits for the time from the small intestine to the ar*s. 

Probably at least one hour can be allowed for the time spent in the stomach. 

In the two estimations done in this work the mods time was 10 hours 

and 14 hours; the median time was 12 hours and 15 hours and the mean 

time was 13 hours and 17 hours • Thus for 
practical purposes the transit 

time can be taken as being about twelve hours between the site of egg 

laying and passing through the anus. 

Intestinal divieO!% 

In this work the small intestine was divided by referring to the 

two ends while the organ was under precise standard condition 	This 

method revealed that the worms parasitized the organ in a consistent 

manner. Although it is not known what are the factors which determine 

where a wons attaches itself, it can be aasmed that the micro—anatomy 

and the hiochsmistly of the region are important. Thus it can be 

concluded that this method of 'mapping' the small intestine distinguishes 

between functional zones in the organ. 

The evidence collected made it possible to relate some other 

anatomical features to the arbitrary division of the small intestine. 

The bile duct was always found in the latter part of Section 1 • The 

short mesentery g  which marks the end of the duodenum and the beginning 

of the mesenteric part of the small 
intestine is an imprecise structure 

it being difficult to judge SXrCtl7 where it occurs, was found to be in 

the region of the middle of Section 2. Thus Sections 1 3nd 2 can be 

regarded as being duodenal sections and Sections 3 to 20 as belonging 

to the Jejunum—fleWt. The division between Jejunun and fleus is 

arbitrary (Sisson, 1917), and could be taken as being at the junction 
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of Sections U and 12. 

Whether the development of the micro—anatomy of the intestinal 

lining is clearly tied to the gross anatomical changes in the embryo 

is not known. As Meckel 's diverticulisn was found only once this work 

can provide no evidence on the point. It is quite conceivable that a 

vestigal structure like this might vary in its position along the 

small intestine without the functional manes showing any corresponding 

variqtions. 

Very' much evidence was gathered on the distribution of Foyer's 

patches in the rat. Theee are large aggrepations of lymphoid tissue 

and as this tissue has been implicated in the processes of immunity 

it is possible that there might be & correlation between the positions 

of Payer's patches and the reaction of the rats against the worms. 

However, no relation could be found between the positions or numbers of 

Payer's patches and the history of worm infection. Payer's patches 

appear to be distributed in a definite par, but this only becomes 

apparent when the results obtained from many rats are grouped together. 

The blood supply of the small intestine, while of a constant 

general pattern, is so variable in detail that it has proved useless 

as a guide to the regions of the organ. Certainly there are no grounds 

at all for assuming any relation between the details of the blood supply 

and the presence of worms. Similarly, the positions of the mssenteric 

lymph nodes are even more remote from the site of attachment by the 

worms and it would have been pointless to have looked for any 

relationship between the two. 

The behaviour of the small intestine under different treatments was 
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revealed by using artifick]. markers. This showed that, provided 

the organ has not been irreversibly damaged, the standard treatment in 

the 'Haruspicator' of 5 grams tension in 1/500,000 Adrenaline saline 

at 379C is an extremely satisfactory method for dividing the organ. 

Probably the most important feature is the bath itself which allows the 

intestine to find its own position without any drag apainst a supporting 

surface. The temperature and the saline serve to maintain the isolated 

intestine in as constant a physiological state as possible. The 

adrenaline inhibits any muscular activity. The second most important 

feature of the Haruspictor method is the application of a small but 

standard tensior. Tensions of the order of five to ten grams are 

extremely difficult to judge. The small intestine is apt to tear under 

tensions of over twenty gr*1T13, so it is very important to know when the 

tension has exceeded the maximum intended. The collapsible phosphor-

bronze spring developed in this work is ideal for the purpose. 

Intestinal nematodes are very exact in their requirements. 

N. brasiliensis can only parasitize Sections 3 to 10 in any great numbers. 

Tetley (3937), showed that in the sheep intestine the different species 

of worms were found at different levels of the organ. He divided the 

organ into multiples of feet from the stomach, and he presented his 

results in terms of absolute distance from the pyloric sphincter. As 

the small intestines he examined were, by inference, of greatly di ferent 

lengths, c. 65 ft. in one case, 78 ft. in another, possibly 39 ft. in 

several others, it is difficult to determine the relative positions of 

the worms precisely. Nevertheless, his results can be summarized 
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as follows: 
Pau 

Strongy 	and Trichostrongylus were in general found nearest to the 

pyloric sphincter, then Nematodirus fiUicollis followed by Nematodirue 

spathiger, behind which comes Cooperia curticei. Banostomum  

trigonocephaluis was found all along the gm11  intestine and Capillaria 

longipee was found very close to the ileo-caeca]. valve • In most 

cases Tetley- found compact distributions but in some instances he found 

the worms of a species very much more spread out. It is not known what 

are the factors which determine the site of each species but it is 

clear that within the small intestine these factors cannot be uniformly 

distributed. The most obvious ones are histological differences and 

it is in this field that this work must develop. Equally important 

but more difficult to examine are biochemical differences • The technique 

of dividing the intestine using the haruspicator should allow for such 

greater detail to be described than before. It is a pity Tetley did 

not express his results as proportional lengths of the orpan. It is not 

possible to do this from the results he published because there is no 

certainty of how far the ileo-caecal valve was from the pyloric sphincter 

in the several sheep he used. Had he done so his results would have 

been very much more valuable, as there is an obvious differential 

distribution between the species of we rise and possibly one between 

different periods of the same infection. 

Egg production 

A considerable number of biological variables have had their effect 

on the concentration of the eggs in the faeces by the time the pellets 

pass through the anus. It is not practicable to determine most of these 
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variables. Even when the total number of eggs being passed is determined, 

thereby eliminating some of the variables, the variations in transit time 

make inferences drawn about the worm population from the egg output of any 

value only when expressed in most general terms. Thus a population can 

be said to have started laying eggs, reached its peak of egg production, 

and to have stopped laying eggs on particular days. It can be inferred 

to consist of few worms or many worms and its general pattern can be 

comlared with that of another population. 

Africa (1931) and Graham (1932) found thworms were more fecund in 

rate under two months of age than in older ones. Spindler (1933) 

showed that worm populations produced more eggs and over a longer 

period in Vitamin A deficient rats than in norma]. rate. Schwartz, 

Alicata and Lucker (1931) showed that fewer eggs were produced in secondary 

infections than in primary ones. Sarles and Taliaferro (1936) produced 

data which indicates that less eggs are produced per worm in secondary 

infections. Chandler (1936) showed that the decrease in egg production 

in agoing primary infections wis in part due to lowered fecundity of the 

female worms, as when these worms were transferred to the small intestine 

of a fresh host their fecundity increased. 

The results of Experiment 4 show that in adult rate the fecundity 

of the worms rises sharply and then falls almost equally sharply. The 

peak level of egg production being almost 700 eggs per day per female 

worm. 

In secondary infections the egg output was reduced to ümost zero 

and consequently the production per worm was near to zero. There was 

evidence that the degree of suppression was a function of the size of 
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of both the primary and the 3econdary infections for in Experiment 8, no 

eggs were seen after the secondary dose had been given In the group which 

had had 2500 infective larvae as the primary dose, though eggs were seen 

in the groups which had had primary doses of 100 or 500 larvae. 

Similarly, those rroupe that were challenged with 100 or 500 larvae did not 

develop egg counts whilst those challenged with 2500 and 12500 did show 

eg counts (except in the group with 2500 larvae as the primary dose). 

However, serial, daily killings were not made on rats with secondary 

infections and it is not possible to draw very precise conclusions on the 

egg laying activity of the female worms. The evidence does suggest, 

however, that the process of elimination of the worms from the small 

intestine may not simply be an extension of the process which inhibits 

egg laying. 

Type of distribution within the small intestine. 

During the course of a primary infection this work has shown that the 

shape of the distribution changes wk be classified into four different 

phases. Phase 1, lasting from Days 1-6 is the one that Is probably least 

complicated by the influence of the hosts' reactions and by damage to the 

worms. In Phase 2 the worms are more spread out and by Phase 3 the 

pattern is very much changed. Phase 1 was taken as the pattern most 

likely to approximate to a simple mathematical distribution. However, 

it was not possible to fit the data to a Normal, Binomial or Poisson 

distribution. The distribution is skew and had too many worms about the 

mode to make a satisfactory fit. Having failed to ow a simple form 

of distribution the point was not pursued. 

Tetley (U37) 'ecognized two types of distribution: those in which 
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the worms were distributed Normally and those in which they were not 

Normal. He judged normality by eye. What he saw can best be described 

as compact distributions in which many worms were concentrated in a 

relatively small area of the intestinal wall and dispersed distributions 

in which the worms were spread over a relatively large part of the 

intestinal wall. 

This work has shown that in N. brasiliensis infections the dispersed 

distribution is a sequel to the initial compact distribution and that 

it is associated with the development of resistance by the host. It has 

also shown that the worms found more posteriorly are not passively on the 

way out but that some at least are attaching to the small intestine. 

The evidence presented hero provides support for Tetley's suggestion 

that the larvae determine the sib of attachment, though the mechanism by 

which this happens is still unknown. The changes in the distribution 

will be discussed in more detail below. 

In a Normal, Binomial or Poisson distribution the most convenient 

parameters to work with are the mean and the v ariance. In a skew 

distribution of the type encountered in this work the mean is not a 

particularly helpful parameter as it does not state anything specific. 

However, the mode does state the position where most worms were present. 

The 'variance gives some estimate of the amount of scatter but as this 

is uneven on either side of the mode it is not a particularly useful 

statistic. In order to get an estimate of scatter and at the same time 

eliminate the effect of differences in the total size of the population 

the population in each section has been expressed as a percentage of 

the whole population and the range has been taken to include those 
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sections which contained more than 5% of the worms seen in t e rats. 

This has been done In preparing Figures 9 and 16, etc. 
Primary Infections 

Figure 9 shows that the distribution of worms in a primary 

infection changes as the Infection ages, and that these changes occur 

at approximately 6, 12 and 18 days after infection. In the phase 

leading up to Day 6 the worms are concentrated around the mode section 

and are not present In Section 1. During the next phase the worms are 

in much the same position except that they have now invaded Section 1 and 

are appearing in greater numbers in the more posterior sections. In 

the third phase the worms are spread all along the small intestine and 

in the fourth phase there are a few worms left at the anterior part of 

the intestine. A final phase can be assumed in which no worms at all 

survive. Although Sxperiment 5 did not extend over so long a period as 

Experiment 4 the evidence obtained from it showed that at dose rates of 

1000-6250 larvae there appeared to be no marked differences in the 

pattern of the distribution. 

The following alternatives could explain the 1088 of adults from 

Sections 3 to 10 between Days 12 and 18. 

1. The intestinal environment remains constant and the 

worms become incapable through old age. 

2 • The Intestinal environment changes and the worms can 

no longer parasitize because of humoral and cellular 

attack re3ulting from these changes. 

3. The intestinal environment changes and the worms can 

no longer parasitize because the intestine no longer 

contains suitable sites of attachment. 
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Alternative 1. is untenable because Porter (1935), Taliaferro 

and Sules (1939, 1942) and 8yns and Pairbairn (1963) have shown 

there to be gross chng's in the intestinal wall during an infection. 

Also, Africa (1931 ) has excluded old age of the worms from being the 

operative factor by showing the length of time worms survive depends in 

part on the size of the initial infestation. 

Alternative 2. has strong evidence to support it in that the rate of 

egg production is reduced indicating interference with the worn, and also 

that Series (1938) found precipitates in and around the intestinal 

stages of the worm, which may have interfered to an extent with the 

normal functioning of the worm. Sat'les and Taliaferro (1938) found that 

immune seram passively transferred five days after the start of a prim -u-v 
'4% 

infection resulted in a fall in the nnber of worms 	---- treL the 

small thtstine. 

Alternative 3 9  which involves changes in the intestine which remmve 

suiab1e sites for the attachment of worms, however, cannot be easily 

dismissed. These changes could be initiated either directly as the 

result of damage caused by ,he Aormi or indirectly through an i mune 

response. The evidence that changes of this sort take place is that 

Symons and Fairbairn (1963) have shown that the affected pirt of the 

sinail intestine undergoes great changes in w}ich the villi nse with each 

other and so remove the inter-villiary -paces. Taliaferro and Inrles 

(1942) had referred to the eroding of villi. Symons and Pairbairn, 

however, regard the lesion as an infifling of the inter-vilhiary spaces. 

Porter (193) had already shown that the worms anchored by pusI'ing their 

heads deeply between the viii. It is quite reasonable to assume that a 



- 160 - 

vtorm with its head deeply between villi ii in a better position to 

withstand the effect of the net doinw'rd !Low of intestinal contents than 

one whi& is attached to an exposed part of the mucosa. Further evidence 

in support of there being changes in the nature of sites of a tachment 

comes from the events in Section 1 as 

The situation in Section 1 is interesting in that the worms are ibis 

to survive in this section for longer than in Sections 5and 6, although 

at the start of the infection worms were appa'ently unable to settle in 

this ,cf.ion. It is po sible that wnrms under seven days of age are 

incapable of attaching in this section and that after seven days they 

acquire the ability to do so. 

The evidence from 2xPeriment 7 indicates that worms are capable, in 

some circumstances, of attaching in Section 1 before seven days. This 

finding makes it probable that it is not changes In the worms but changes 

in the intestinal wail which determine whether or not Section 1 can be 

parasitized. At present there is no evidence as to what these changes 

might be. To find out more on this point an experiment Is being 

performed in which the histology of the small intestine Is being studied 

in relation to the age of infection. This experiment does not form part 

of this thesis. 

Section 2 has shown itself to be int.'rmedlate, in the manner the worms 

are distributed, between the pattern seen in Section 1 and that seen In the 

more rosterior sections. This may be because, as is obvious, the section 

is situated immediately between these other regions and that a gradual 

transition takes place within it, or it may be because the anterior part 

of the section is in the anatomical duodenum Whilst the posterior part is 
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in the anatomical jejunum. Until it is understood why :action 1 behaves 

differently from, say, Section 5 there seems to be no point in 

examining the manner in which Section 2 is transitional between these two 

regions. However, although Section 2 is transitional in the sense 

that some worms are found in it before the seventh days and after the eighteenth 

day, it must not be taken that fter the eighteenth day it plays a 

subsidiary part to Section 1. In fact, more often than not, more worms 

were found in Section 2 than in Section 1 after the eighteenth day. It 

is the clear cut pattern observed in Section 1 that makes it so 

interesting. 

Sections II to 20 are never very attractive to worms, most of those 

seen being on the way out from Sections 3 to 10. The average time taken 

for worms to pass through this region was fifteen hours. The data from 

Experiment 4 can be further broken down and the average time taken to pass 

each section estimated. Thus while the worms took an average of 1.3 hours 

to pass through each of sections U to 17, they took only 0.8 hours to 

pass through each of the last three sections. 

The distribution in secondary infections has not been easy to study 

on account of the very low numbers of worms recovered. If it was certain 

that no survivors of the original infection were present then the low 

numbers of survivors from the secondary infection would be of no particular 

disadvantage. Rowev-r, the number of first infection survivors is 

comparatively large and there is always the doubt of which infective 

dose gave rise to the worms seen. -owever, in Experiment 7 one rat reacted 

to such an extent that there can be no doubt that the majority of worms 

seen even in Section 1 were derived from the second infective dose. The 
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pattern observed in secondary infactionp was not similar to that seen 

in primary infections after eighteen c'ays. It was similar to that seen 

in primary infections between Days 6 and 1. There was evidence 

that the centre of population was nearer the pyloric sphincter than 

in similarly aged primary infections, but thp centre was not in Sections 

1 and 2. The secondary infections reached their peak very muc sooner 

than primary infections in spite of the worms being delayed in their 

passage through the lungs and the worms disappeared very much more quickly 

than in a primary infection. The tact that the worms of a secondary 

infection are found in a pattern associated with the break-up of a 

primary infection and not with the later phase of a few persisting survivors 

must be due in part to there being large proportion of worms in the 

actual process of being eliminated. In a primary Infection it has 

already been shown that onl; a few worms from Sections 3-10 are able to 

reqch Sections 1 and 2 though presumably many are potentially capable of 

survival in these two 9eetlorzs, for they are a! -le to resume egg laying on 

transfer to fresh rats and they are able to delay their passage down the 

posterior half of the small intestine. Thus in a secondary infection 

only a few worms are presented with the opportunity of attaching in 

.actions 1 and 2. However, a surtrisingly small number take advantage 

of this. Te reason is unclear. It may be that the worms are already 

too f fete from their passage through the tissue and lungs to be able to 

attach in Sections 1 and 2 or it may be that under the stimulus of the 

secondary infection further changes take place in these sections which 

make then unsuitable for the survival of worms. 
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Size of Infective dose. 

The sine of the dose of infective larvae does not have a very 

marked dftect on the distribution of worms in the range of 1000 to 

6250 larvts. This work did not provide sufficient evidence to show 

if the seine is true for doses that are smaller than 1000 larvae. 

Evidence for an effect due to the size of the dose would be primarily 

an Inc Tease in te etandud deviation if the mode—position became 

saturated with worms. Pbr in this event the number of worms settling 

in the more distant parts would increase relative to the number settling 

at the mode position. This did not happen. The standard deviations 

in all three groups were very similar in Zcperimsnt 5. There was a 

slight cii fference in the mean position of the worms in the groups dosed 

at different levels. (The mean position is a useful statistic in that 

it can be estimated in terms of fractions of a sectional length while 

the mode can only be measured in tense of intervals of whole numbers 

of sections). However, these changes were small, of the order of 0.5 

of a section, compared to the variation in the position of the mean 

that occurred between rats receiving the suns treatment. 

In Ztp.rinient 7 1123 worms were recovered from one section of the 

email intestine. It seems that there are more Bites available in the 

small intestine of a swcept1b1e rat than the animal's system' can 

support, and that saturstion of a site is not likely to occur in a living 

animal. Obviously there is a change in the suitability of the sites 

once worms have been present. The question 13 raibed as to thy, if 

the mode site can support over eleven hundred uarms, is there not a more 

compact distribution in rate harbouring a tot1 number of worms that is 
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smaller thn thi5 figure. Presumably a worm is influenced by the presence 

of another, or alternatively, at the start of an infection, the presence 

of worms elicits changes which make more sites available. 

The rate of passage of the larvae from the skin to the intestine was 

found to be do3e dependent. A greater proportion of the larvae from the 

larger doses had reached the small intestine by the third and sixth days 

than from he smaller doses. This is quite possibly because in the 

larger doses a particular larva he more chance of following down the 

pathway broken through the tissues by a preceding larva tFan in the 

smaller doses. Between Day 6 and Day 9 there was a significant fall 

in the number of worms recovered from the small intestine of the group 

dosed with 6250 larvae in Experiment 5, although in the lower dosed groups 

there was no significant change in the numbers. This must be because 

in 'he 6250 dosed group some me&.anism had begun to remove the worms 

earlier than in the othe groups. While there can be no doubt from 

the results of many workers and of the late- experiments in this work 

that acquired immunity plays a very important part in the resistance 

of the rats, It is hard to see how giving a dose of 6250 larvae as 

opposed to 2500 larvae can advance the onset of an acquired immune response 

from about Day 12 (vide Experiment 4) to Day fl or earlier. The 

mechanism must be closely dependent on the size of the dose. It may 

involve the sensitization of the host along the afferent immunogenic 

pathways, or it may be independent of t1ose pathways and be simply a 

reaction to trauma which changes the suitability of the small Intestine 

to the worms. Because no change In the spread of the worms was 

detected it can be taken that these reactions involve the humoral 
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trinsiniasion of active 5ubet.nc)s ic -  cue te inLtine to ract 

over a relatively wide area. If no such agents were involved it would 

be expected that the worms would cause most damage in the mode section 

and that this section would become unsuitable ahead of the others. 

It is probably true that the worms do cause most direct damage to the 

mode section but that hznoral agents rsu1ting from this cause the sections 

of intestine on either side of the mode section to become unfavourable 

for worms. 

To find out more about the reactions which eliminate the worm it 

is necessary to examine the histological changes in the small intestine 

in relation to the movements of the populations that have been observed 

in this work. 

Se'z of 

Mile and female Njppostronpylus brasiliensio worms do not have the 

same distribution, either in time or along the intestine. It was found 

that in a primary infection the percentage of males amongst the adult 

worms increased from less than fifty to almost one hundred between Day 

2 and Day 30. During a prim?ry infection the proportion of males 

amongst the adults tends to decrease with distance from the pyloric 

sphincter, though from Sections II to 20 consistent results on this 

point were not obtained. However, between Sections 1 and 10 this decline 

in the proportion of males is true. Moreover the decline gets more 

marked as the infection ages. The proportion of males in Section 1 

increases more markedly with the time after infection than does the 

proportion in, for example, Section 6. 
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It rannot be argued that the persistence of male worns in ections 

1 and 2 in the period after fay 18 is simply bemuse the's are the only 

sites available for 'rms and that they ire never suitable for female 

rms, because rnO.e and ftnale 	arm found in almost equal numbers 

in these sections 'round Day 9. It must be concluded that the changes 

that take place in these sections from Day 12 onwarde are sufficient to 

cause the removal of the female woms but that, unlike elsewhere in the 

small introtine, they do not reach the threohhold necessary to dislodge 

the male worm5. Tnd'o in pinrry infections the females are more 

easily- removed than the males alone the whole of the anterior half of 

the small irit'stine. 

The 3X incidence in secondary infections does not reflect that 

seen it any stage of primary inf'ctions. In the first few das of 

secondary infections up to 75f of  the Rd111tS recovered may be 'females. 

This preponderance of females was fonrtd even in the first three 

sections where in 5cperLment 3 female verms made up 72% of the  adults 

as compared to 57f in simflrly aged primary infections. 

Site of attacent by lare 

The position in which t- er1y fourth stage larvae were found 

completely refute Chandler's contention (1935) that the larvae settle 

in a more posterior position to that taken up by the adults. If 

Chandler Was referring to the ver special case of the movement of some 

of the adults to the duodenum at the end of infection he had no right 

to make his statement without strongly qualifying it. It 15 odd that 

he did not pub1th the re1ts of his examination of the worm distribution 

In more detail. This unrk has shwrt un.-iuivocally that the larval 
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Nippostrongylus brasiliensis worms settle immediately after arrival 

in the small intestine from the lungs in those sections which are 

later found to be most heavily parasitized by adult worms. 

Secondary infections. 

The r suits obtained from secondary infections show that there 

are changes in the number of worms recovered, the timing of the 

intestinal phase, the distribution within the intestine and the sex 

ratio of the worms. 

Experiment 6 showed that the peak of the intestinal phase was 

passed by the ninth day after infection, and that the number of worms 

recovered was very much lower than in a primary,  infection of similar age. 

It showed that the worms were distributed in a similar way to the 

breakdown phase of a primary infection (i.e. Days 13-.18), but that the 

sex ratio of the worms was nt the same was in a primary infection either 

during the breakdown phase or when the worris were of a similar age. 

About 70% of the adults in a 15 day old primary infection would be 

males, the proportion during the first nine days would be 45%. 

During the first nine days of the secondary infections the males 

made up less than 30% of the adults. In Experiment 7, in which the 

immunizing dose had been very- large, most rats were harbouring very few 

worms when examined six days after the secondary dose had been given. 

Four rats had large populations, however, and in these the distributions 

were displaced in a simil3r way to that seen in Experiment 6. The 

male worms made up 26% of the total adults found. 

As most worms had already disappeared by nine days after a 

secondary infection, those that were left were those that were able 
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to establish themselves more securely. This pr sumption ignore3 that 

in resistant rats larvae take longer to pass through the skin and 

lungs and that even after Day 9 some of these stragglers will be 

passing through the intestine. By and large it is a workable 

hypothesis. In Experiment 8 rats were killed on the eleventh 

day so that the vast mass of worms which fail to establish would 

have already passed and would not mask the finding of the sites where 

the worms were more firmly established. In this experiment both the 

pr 4  mary and secondary doses varied, but no effect was noticed between 

primary doses of 100 and 2500 larvae; and the number Of worms 

recovered from most of the secondary infections was similar to that 

expected from the original primary infection. Males made up 21% 

of the adult worms found in rats with secondary infections. In those 

rats which had larger populations than usual the number of worms in the 

most anterior sections was the same as in primary infections, the ext -a 

worms being in more posterior sections and in one case the majority 

of the worms were in the posterior half of the small intestine. In 

Sections 1, 2 and 3, 28% of the adults were male in the secondary 

infections whilst 50% were male with similarly aged primary control 

infections. 

The finding of similar sized population of worms in Sections 

1, 2 and 3 in old primary and in secondarr infections suggests that 

other factors than the number of worms presenting themselves are 

involved in determining the number which parasitize this region. 

There can be no doubt that worms of the secondary infection try to 

parasitize these sections. The changes in the ratio of males to 
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females ow that at least some females derived from the secondary 

Infection move into these sections and at the same time some males 

from the primary infection move out. However, against the hypothesis 

that there are only- a limited number of sites in the anterior sections 

it must be remembered thit before Day 12 in primary infections and 

occasionally in secondary infections (e.g. Rat 3, Experiment 7) very 

many more worms can be found in these sections. 

The evidence does not allow a satisfactory hypothesis to be 

formulated to explain the increiolng pre'daminance of males in 

ageing primary infection ithilst in secondary infections, even when 

as long-standing as eleven days, males are very much in the minority. 

Transferred stages 

In Experiments 9 and 10 young stages of worms which had undergone 

the early part of their parasitic life in donor rats Mrs transferred 

to recipient rate so that the phase of migration through the tissues 

and lungs could be avoided. Thu3 in all the rats the immunological 

phenomena will have resulted from the passage of materials from and 

to the lumen of the digestive tract. 

The results showed that there was no distinct advantage to be gained 

by using either late lung stages or early intestinal stages of the worm. 

The number of worms arising from these stages Whi.Ch were recovered at 

post mortem of the recipients was disappointingly email • The first 

finding of interest was that in a primary infection with transferred 

stages the worms were found very much further from the pyloric end 

of the email intestine than in a normal primary infection. In a 

normal primary infection worms are beginning to be found in the usual 
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sites in 24 hours. The different position of the transferred stages 

could be because the passage of the larvae through the skin and lunge 

can r sult in a change in the usual sites to make them receptive, even 

in less than 24 hours after dosing or it could be because the worms 

that are transferred are different from normal worms. The latter 

alternative, implying some damage to the worms during the transfer technique, 

is the more likely. 

In spite of there being evidence that the worms have been affected 

during the transfer the results also indicate that aprimary infection by 

transferred stages alone is capable of conferring some immunity on the 

recipient rat, as 1sshom when they are challenged with normal larvae. 

The evidence also shows that the intestinal phase is susceptible to the 

acquired resistance of the recipient and that it is not necessary for the 

worms to have been through the skin and lungs and subject to the host's 

tissue reactions in these organs for them to be rejected from the intestine. 

Sex of host 

Hunter and Leigh (19614 state that they observed a sex difference 

in the L.D. 50 (Dose which kills 50 of rats at risk) which was independent 

of weight. Unfortunately those authors have not published any detailed 

d4ta on the weight-dose-death incidence in the two sexes of rats. They 

state that the L.D. 50 for male rats is 12,300 and for female eats 9, 700 

infective larvae. In the description of their experimental procedure 

they give the range of weights of the male rats to be 230-370 grams and 

of female rats to be 170-300 grams. If the lethal dose is divided by 

the centre point of these r anges, which is the only thing that can be 

done with the data given, the L.O. 50 can be expressed as a number of 
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infective larvae per gram of live weight. The figures so obtained are: 

L.D. 53 (male rats) 41.0 worms/gram; L.D. 50 (female rats) 41.3 worms/ 

gram. There can hardly be any justification for claiming a sex 

difference on this basis. 

In Experiments 4 and 5 significant differences between the numbers 

of worms recovered from the two sexes of host were not evident. The 

evidence from the two experiments is that the mean positions were 0.7 

and 1,0 of a section length further from the pyloric sphincter in female 

rats than in male rats 	The mode positions were correspondingly 

different. Raley (19580 notes that there is no difference in the number 

of worms harboured by the two sexes of rats at 1-2 months of age. There 

does not appear to be any further evidence available on the effect of 

the sex of the host in rats. However, several papers have been 

Published on the effects of the sex of abnormal hosts: mouse, hamster 

and guinea pig. Neafie and Haley (1962) detected a difference in the 

number of worms recovered from the two S5X8 of mice after puberty, the 

females harbouring just over half the average number found in the male 

mice. Haley (1954, 1957, 195- 195' 196]) has studied the effect of sex 

in hamsters on the number of worms harboured. His results can be 

summarized as saying that male hamsters harbour 25 times the number of 

worms harboured by female hamsters. Parker (1961) broke down the 

resistance of guinea-pigs to this worm by giving cortisone. He found 

that male guinea pigs harboured more worms than female guinea-pigs. 

It would be intereting to know if the lochenietry of the email 

intestine of the two sexes also shows a similar difference. If this 

was to be true it might be possible to study the factors determining 
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the site of a rni 'a attachment more fully and it is to be hoped that 

the technique of Ilarusication will allow a more detailed and localized 

study of the biology of the uaaU intestine by disciplines other than 

helininthology. 

Peyer'e Patches 

Figures 30 and 31 show that the distribution of Payer's patches 

in the small intestine of rate follows a pattern which is similar in 

both sexes and does not change with differences in the host's experience 

of wor,ns • The number recorded in each rat was 18.7 3.1. The most 

frequent site of a patch was close to the short mesentery, that is near 

the duodenal-jejunal boundary. The number occurring in each section 

fell a1o11y from this point to the ileocascal valve. There is a 

suggestion that the number increased slightly around Section 12. 

The presence of eyer's patches did not have an effect on the positions 

occupied by the wozins, and the differences in worn distribution in the 

two sexes of host were not parallelled by differences in the distribution 

of Payer's patches. 



I ••- 	 -. .. - SZ - $_ 2' 
47' 10

1 

*II, 	 Ip 
II 	 .. 

ItI 

3WØ(ART OF FINDS IN THIS ,  THESIS. 



-173 - 

SART OF FINDIMS IN THIS THSI. 

The reaction of the small intestine of the laboratory rat to its 

nsmatode parasite Nippoetronpylus braeiUeneis was studied to find out 

if this organ behaved as a single unit, reflecting a generalized imaurie 

state in the rat, or whether it showed localized changes. The actual 

study was concentrated on the patterns of distribution of the warms 

along the length of the small intestine in rats which had had various 

experimental treatments with the parasite. 

The findings of preliminary expe-imente designed to establish 

suitable techniques for this study showed that: 

I. saturated aqueous 3olution of sodium chloride is a suitable 

flotation medium for counting the eggs of this parasite. 

twelve hours is a reasonable approximation of the transit 

time of digesta from the small intestine to the anus. 

the small intestine can be divided into proportional parts in 

a consistent manner if it is placed in saline at 370C containing 

1/500,000 Adrenaline and if a tension of 5 grains is applie. A 

routine was developed in which the small intestine was divided into 

twenty parts of equal length. These were d*signated in consecutive 

order from the pyloric sphincter to the ileo-caec&l valve as Sections 

1 to 20. 

The principal findings obt kind from experiments in which rats had 

had primary infections were that: 

i • eggs were not laid until the fifth day after infection, and 

that by the ninth day each female worm was laying on average 670 eggs 

per day. After the ninth day the rit* of egg laying declined until \ 
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it had ached zero by the fifteenth lay. 

larvae were found in the small intestine after twenty-four hours. 

Very,  few larvae arrived in the intestine after five days. During the 

first five days larvae were found to be distributed mostly between 

Sections 4 and 13 (Mode 4.5 [Section ]; Mean 6.1; Standard 

Deviation 2.4.). 

the numbers of 'worms in each section of the small intestine 

before the 12th day after infection could not be fitted to Normal, 

Binomi1 or Poisson distributions. The distritution between jections 

s)- owed  skewness and poaltive kurtosis. 

the mode position, arrived at on the assumption that all the 

worms in a section were at the mid point, was considered to be the 

statistic with most meaning. 

the wonn distribution was found to change as the infection got 

older and could be conveniently divided into pha3e3 of six days each. 

Phase 1 (1-6 clay -.); the worms were compactly distributed around 

Section 6 with no worms in Section 1 and few more posterior than 

Section 10. 

Phase 2 (7-12  day.); the worms were still in a compact distribution 

around Section 6 but had begun to spread out, both towards the 

anterior and ?osterior ends of the small intestine. 

Phase 3 (13-18 days); the centre of populition had moved nearer 

to the pyloric sphincter, but a large proportion of worms were 

found in the posterior half of the small intestine. 

Phase 4 (1 days onwards); the few su'vivors are concentrated 

in Sections 1 and 2. 
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section 1 had no WO1 L1: and Section 2 few worm3 during Pha!e 1. 

During Phase 2 these sections had their peak infection, but in 

subsequent phases the worn numbers eUd not dwindle to zero, as happened 

in the other sections. 

the two sexes of worms were not distributed in the same way. 

Throughout infection the proportion of males to females fell as the 

distance from the pyloric sphincter increased. However, as the infection 

grew older there was a relative increase in males all along the small 

intestine; this increase was more marked in the most anterior sections 

than in the others. 

between the ranges of 1000 and 6250 larvae there was no evidence 

that the size of the infective dose had any effect on the distribution 

of the worms, both the mode position and the scatter being almost the 

sae in the three groups. However, proportionately more of the larger 

dose had reached the small intestine by 6 ays than of the other doses. 

The experiments on rats which had had two infections showed that: 

1. the intestinal stages passed through the process of attachment 

and rejection more quickly than in primary infections. The number of 

worms being recovered at 6 days was greatly in exXe3s of those recovered 

at 9 days. 

the distribution of worms in secondary infections did not pass 

through similar phases to those seen in primary in"ections. During 

the period when most worms were recovered they were distributed in a 

manner most similar to Phase 3 of a primary infection. 

relatively more female worms were recovered f--.):n rats with 

secondary infections (up to 80). This applied to Sections 1 and 2 
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as well as to the more post'rior sections. 

iv. after high challenge doses populations of established worms were 

found at six days, but by 11 days few worms remained. Low primary 

and secondary doses resulted in some worms remaining at 11 days. 

Y. Sections 1 and 2 were parasitised at all stages of secondary 

infections though the number of worms in these sections seldom rose above 

30. However, in secondary infections a high proportion of the worms 

were females, unlike in the later stages of primary infections when male 

worms were predominant. 

vi. in general, secondary infections produced few  eggs. However, 

at six eggs were produced in rats which had had large secondary 

infections compared to the prim-ary infection. 

Experiments in which worms that had just reached the intestinal stage 

were transferred to recipient rats as primary and/or secondary infections 

showed that: 

transferred late lung or early intestinal stages were equally 

suitable, though only about 	of the worms became established. 

primary,  infections of transferred stages were found in a more 

posterior position in the small Intestine than normal primary infections 

of the same age (Mode Section 10 and 7). 

primary infections of transferred stages can result in the rat 

becoming resistant to secondary infections. 

tesistant rats are able to reject secondary infections of 

transferred at tgea. 

The experiment designed to show if rats could be induced to become 

tolerant of N. brasiliensis did not provide conclusive results, probably 
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because the size of challenge dose was too small. 

An pprent difference in the distribution of worn, In the two 

sexes of host ws seen. The oopul-'ttion centre in female rats being 

about one section 'ore posterior than in males. By comparing the 

po3ition of the centres of population with the weights of pairs of rats 

of the s.s.e sex wiich had had identical treatments it was found that the 

differences in 'mights or the two sexes were not responsible for this 

phenomenon. It is oresiied that there ii a true sex difference in the 

way a host is parasitized. No difference was found in the total numbers 

of worms recovered from ecb sex. 

The distrihutin of Pever" patr4ies ws examined in a large number 

of rats. 	', er difference  were fnind, nnd there was no evidence that 

?eyer's patches directly influenced the pattern of worm distribution. 
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