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- PART I -

I N T R O D U C T I O N 

I. DEFINITION OF OOGENESIS AND THE IMPORTANCE OF ITS STUDY. 

The terms "oogenesis" and "egg production" are 

used synonymously in this work and refer to both the pro-

duction and laying of eggs by helminth parasites. This is 

only a slight distortion of the true meaning of oogenesis, 

derived from the Greek words meaning "egg" and "production", 

and restricted to the origin and development of the ovum 

prior to fertilization and oviposition. 

On the other hand, "egg production" and "egg out-

put" require an immediate distinction to avoid any misunder-

standing. In this work, the former will always be used to 

indicate the number of eggs produced by a worm population 

within a host, while the latter will refer only to the num-

ber of eggs per unit of faeces, taking no account of the 

total number of eggs produced in a given time. 
r 

The present knowledge of oogenesis is vague and 

incomplete. It has been observed that some factors appear 

to increase or decrease the egg production in helminth para-

sites, but little is understood regarding the importance 

and specific action of any of these factors. Little fund-

amental work has been done in this field and it is difficult 

at this time to account for the lack of coordination fre-
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quently encountered between egg counts and worm burdens. 

Although the value and significance of egg counts have been 

subject to much controversy among helminthologists for a 

long time, they, in the past years, seem to have been more 

interested in the study of physical factors influencing 

egg output, than in those related to oogenesis itself. Their 

works include the different adjustments of egg counts (Roberts, 

1951; Riek, 1958), which take into consideration the consist-

ency of the faeces, their volume, and the regularity with which 

they are discharged from the rectum. 

A few authors have concentrated their attention on 

oogenesis only during the past few months, and the first 

publications dealing specifically with the action of cer-

tain factors on egg production, are recorded as recently as 

1961. A thorough and accurate knowledge, however, of this 

neglected problem would prove useful in many fields of para-

- sitology. 

In the diagnosis of helminthiasis, first of all, it 

is well known that the presence of eggs in the faeces of 

the host does not necessarily indicate parasitosis, but may 

signify only the existence of a few worms, causing no ob-

vious harmful effects. On the other hand, the absence of 

eggs in the hosts' faeces, does not necessarily prove the ab-

sence of worms, as is the case in the "overcrowding phenom-

enon". Only a thorough knowledge of the factors influencing 

oogenesis would lead to coordination of egg counts and worm 
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population under varying conditions. 

The knowledge of this worm activity is important 

too in prophylaxis. For example, equipped with an under-

standing of the causes of the variations occurring in the 

egg outputs of parasitized adult animals, better measures 

can be taken for preventing massive infestation of suscept-

ible animals of the flock. 

Finally, in experimental works in helminthology, 

it is essential to understand the factors influencing oogen-

esis, such as the level of infective dose, the occurrence 

of self-cure and the immune state of the host, since the 

course of the experiment is usually followed through faecal 

egg counts. Furthermore, a knowledge of the influence of 

factors such as age and sex of the host would be advantage-

ous since most investigations require an optimum egg output 

in donor animals for the creation of stock larval cultures. 

Although it would also be interesting to study 

the physiological nature of oogenesis, at the present time, 

it is more urgent to concentrate on the influence that the 

host has upon the egg production of the worm parasite, and 

it is this latter aspect which will be investigated in this 

thesis. 

II. GENERAL REVIEW OF THE FACTORS INFLUENCING OOGENESIS. 

For many years, the only work of any kind directly 

related to oogenesis, involved only the observations in the 
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field of seasonal variations in egg output in the different 

domestic animals. Sheep flocks have been the subject of 

most of these surveys, and many authors have recorded an 

increase of eggs in the faeces in the springtime. Despite 

the many explanations of the "spring rise phenomenon", that 

have accumulated, no one theory has yet been irrefutably 

established. 

Taylor (1935), who appears to have been the first 

author to describe the spring rise in sheep, emphasized the 

fact that it appeared before the period of maximum availab-

ility of infective larvae. Cushnie & White (1948) were led 

by this fact to argue, that if an increase in worm popula-

tion were an essential preliminary to increased egg output, 

the peak output of eggs would occur later in the year. To 

account for an increased egg production independent of, or 

occurring in the probable absence of uptake of infective 

larvae, Taylor (1935), Cushnie & White (1948) and Naerland 

(1952) all postulated a probable increased fecundity of the 

existing adult population. Taylor further quoted, as evid-

ence to support the hypothesis, an observation that tricho-

strongylid worms could produce up to 12 times more eggs in 

susceptible than in resistant lambs. Taylor (1934) also 

gave evidence of very variable ratios between the numbers of 

adult Trichostrongylus spp. and faecal egg counts. Soulsby 

(1957 a) observed a small rise in egg count, occurring con-

currently with a fall of antibody titre, which could indicate 
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the possibility of an increase in egg production by the ex-

isting adult population. This, however, did not initiate 

the spring rise, since the main egg count rise was delayed 

for a further two weeks, and was not fully established until 

four to six weeks after the reduction in titre. 

The hypothesis of varying fecundity depends mainly 

upon negative evidence and, apart from Taylor's observations 

and Soulsby's deduction, lacks direct support. When it was 

first put forward, it appeared to be the only mechanism 

likely to account for changes in egg output in the absence 

of infective larvae. The theory, which remained unchallenged 

until Naerland (1952) suggested the possibility of latent 

larvae developing to the adult stage, would have been greatly 

strengthened by a demonstration of suppression of the spring 

rise by winter treatment with anthelmintics effective against 

larval stages. Seghetti & March (1945), and Naerland (1952) 

have all observed the spring rise following phenothiazine 

treatment and this was thought to negate the previous theory, 

although it is now known that this anthelmintic has very 

little effect against tissue phases of most helminths. 

Morgan, Parnell & Rayski (1951) slaughtered a ser-

ies of hill sheep at intervals throughout the year and found 

that the adult worm populations varied concurrently with the 

previously described variations in faecal egg counts ( Morgan 

et al., 1950 and Morgan & Sloan, 1947). Worm burdens were 

much heavier at the time of spring rise than at other times 
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and, moreover, larval populations in the gut lumen were max-

imal at this period. These workers concluded that the vari-

ation in number of adult worms adequately accounts for the 

variations observed in faecal egg counts without the need to 

postulate a seasonal variation in fecundity. Morgan and his 

co-workers (1951) failed to find evidence of overwintering 

of latent worm larvae in the gut mucosa and concluded that 

the increased spring worm burdens were derived from recently 

acquired infective larvae. As a matter of fact, examinations 

of grass samples throughout the winter from exposed situa-

tions on Scottish hills revealed the presence of living in-

fective larvae. Morgan therefore concluded that "there are 

sufficient larvae on Scottish hill pastures to provide heavy 

infestations at any time of the year and that the level of 

the infestation is influenced more by the host's resistance 

than by the rate of intake of infective larvae". This re-

sistance can be indeed particularly low in the spring after 

a winter of exposure to adverse weather and to a low level 

of nutrition. 

The theory of Morgan, based mainly on a breakdown of 

immunity associated with a newly acquired infection, was 

then modified by Crofton (1954) for two main reasons: first 

of all, because he noticed that the spring rise was closely 

linked with the time of lambing, and secondly, because the 

onset of the rise was sudden, while one might expect a 

decrease in the resistance of the animals to be gradual. 
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Crofton presented many supporting facts regarding 

the lambing time: for example, it was found that there was 

a tendency for the spring increase in worm egg output to 

occur earliest in the first ewes to lamb. Not only was there 

a relatively constant interval between individual dates of 

lambing and of maximal egg count, but he also noticed that 

when the times of parturition of the different ewes were di-

vided into two groups, on certain years, two spring rises 

were recorded. Crofton (1953) also described a post part-

urient rise in autumn-lambed ewes with the same character-

istics as the spring rise observed in spring-lambed ewes. 

Concerning the suddenness of the spring phenomenon, 

and in order to reconcile his findings with those of Morgan 

et al. (1951), Crofton (1954) advanced a modified theory of 

larval uptake. He postulated a series of declining immune 

states, during which there is a slow accumulation of larvae 

. "which do not necessarily invade and remain in the mucosa". 

A development "en masse" occurs after the immune state has 

fallen below a critical level and the worms reach patency 

simultaneously. r 

Therefore Crofton thought that the spring rise was 

less a simple breakdown in the immunity, than a "complex 

loss of resistance related to some basic rhythm of repro-

duction". Evidence of this theory is given by the fact 

that a fall in the egg count immediately follows the spring 

rise, and the whole process, rise and fall, takes place six 

to eight weeks after lambing, including the maximum lacta-
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tion period. Pregnancy, parturition, and strain of milk pro-

duction were therefore considered the main causes of the 

fall of resistance determining the spring rise, while the 

drop in milk yield increased the resistance and brought about 

the fall in egg count. This conception cannot be, however, 

entirely accepted because spring rise occurs also in barren 

ewes, and in ewes which abort or lose their lambs at birth. 

That the rise in egg count was not dependent on 

newly acquired larvae was established by Field et al. (1960), 

who maintained sheep under experimental conditions, which 

precluded the acquisition of larvae by the use of concrete 

floor pens and extreme hygienic care. After three to five 

months under these conditions, the spring rise was observed, 

and this, therefore, proved the theories of Morgan et al. 

(1951) and Crofton (1954) inapplicable. Field then conclud-

ed that the increase in egg production is due to augmenta-

^ tion of the mature population by individuals derived from 

a latent larval population acquired some months previously, 

and inhibited in their development during winter time. This 

view is supported by Soulsby (1956, 1957 a), who showed a 

seasonal fluctuation in antibody levels, with low levels 

preceding the spring rise period, providing therefore a ba-

sis to account for inhibition and resumption of larval dev-

elopment at the appropriate periods. However the main dif-

ficulty opposing acceptance of the "latent larva" hypothesis 

is found in the failure of Morgan et al. (1951) and Soulsby 
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(1957 b) to identify latent larvae in winter autopsies. On 

the other hand, Sommerville (1954) has difficulty in recon-

ciling these reports with his own field findings in Austra-

lia of inhibited Ostertagia circumcincta in naturally infect-

ed sheep. Martin et al. (1957) also reports some winter out-

breaks of ostertagiasis in housed calves, due to larvae 

picked up during the summer and remaining dormant in the 

abomasal mucosa for many months. The rise in egg output, 

which occurs in spring, is therefore a complex phenomenon, 

caused by several interrelated factors. At the present 

time, it appears from all of these theories, that the rise 

is due mainly to the maturation of latent overwintering lar-

vae, this being a sequel to a decline in the immune status 

of the host. But this is only a part of the explanation, 

since this phenomenon is certainly enhanced by stress fac-

tors such as pregnancy, parturition, lactation (Crofton, 

1954; Condy, 1961), severe climate and malnutrition (Paver 

et al., 1955). It is evident that a better understanding 

will only be reached through fundamental study of each of 

these suggested causes. 

All of these factors, mentioned above, play a role 

in the manifestation of this spring rise, but, however, deal 

with one aspect of oogenesis, and are certainly not sufficient 

in themselves to influence the whole egg production process. 

Some other factors, related to the host resistance, remain 

to be analysed. 
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Among them, it is reasonable to think that inter-

current disease has an influence on the egg production of 

an initial helminth infestation, since the second infection 

may lower the immune state of the host. But this concept 

has not been generally accepted. Culbertson (1941) suggest-

ed that the natural resistance is altered in one way or the 

other - either enhanced or depressed - by an intercurrent in-

fection. For example in turkeys infected with black-head, 

the nematode Heterakis gallinae is retarded in development and 

reduced in number, compared with those found in healthy birds. 

On the other hand, birds with leukaemia experience a more in-

tense infection with H. gallinae. It is therefore obvious that 

the effect of intercurrent infection upon the natural resistance 

of the host to any parasite is poorly understood. Moreover 

it is still far from being proven that this factor influences 

the egg production per female worm. 

The influence of genetic constitution of the host 

on the natural resistance can be illustrated by many examp-

les. However, the best evidence has been given by the dif-

ference in susceptibility between Rhode Island Reds and Leg-

horn chickens to Ascaridia lineata. The higher resistance 

of the former is said to be due to the presence of increased 

numbers of goblet cells in the intestinal mucosa and the in-

creased production of growth inhibiting factors (Culbertson, 

1941). Consequently genetic constitution of the host, might 

influence worm egg production, since a natural resistance 
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can be inherited. More recently, Whitlock (1958) showed a 

natural resistance to trichostrongylidosis in offspring from 

a ram called Violet, suggesting that a dominant genetic fac-

tor was involved. In 1959, Ross and his co-workers described 

a genetic line in Nigerian Zebu cattle, which exhibited a 

resistance to haemonchosis. Further investigation by these 

authors (1960) showed that the resistant progeny, when in-

fected with gastro-intestinal helminths of the order Strong-

yloidea, had comparatively low faecal egg counts and a high 

immunological response, as determined by the complement fixa-

tion test. 

Considerable work deals with the effect of nutri-

tion on gastro-intestinal helminth infestation. Most of 

the scientific papers investigate resistance, but since the 

latter has been linked by Stewart (1950) and Soulsby (1957 a) 

with egg production, it is reasonable to assume that nutri-

tion has an action on oogenesis. In 1933, Ross and Gordon 

already reported that a good diet in sheep results in lower 

egg counts in faeces and less severe disease. Frazer (1938) 

recorded that lambs have a greater number of mature para-

sites at slaughter if poorly fed than if given a good diet. 

Taylor (1943) demonstrated that heavily infested lambs on 

a full diet excrete in their faeces fewer eggs (one ninth 

of its original level), whereas animals on a poor diet lim-

ited to hay, in spite of the absence of any further infesta-

tion, show a progressive rise in worm egg count (five times 
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its original level). This author found, however, at autop-

sies of the lambs, that those on full diet, had the same 

worm burden as those poorly fed. Hunter (1953), who re-

viewed the effects on helminths of the various components of 

diet, showed that proteins, vitamins, carbohydrates and min-

erals have different actions on the host resistance to hel-

minth parasites. Consequently, some of these components may 

have an action on oogenesis. Addition of cobalt, for ex-

ample, to lambs has been found to increase the egg produc-

tion (Richard et al., 1954). Gaafar (1953) demonstrated 

that Ascaridia galli in fowl were fewer and smaller in birds 

kept on diet deficient in calcium and phosphorus. Accord-

ing to Rohrbacher (1958) a ration composed exclusively of 

cow's milk given to calves is detrimental to the develop-

ment of Haemonchus placei, due to the iron deficiency in 

milk* Dicalcium phosphate added to the basic salt ration 

of sheep infested with Haemonchus contortus has also been 

found to reduce the egg counts, possibly because of the buf-

fering capacity of this mineral. Lawler (1941) showed that 

a diet deficient in vitamin A increases the susceptibility 

of rats to Strongyloides infections, this vitamin being 

linked to the defensive functions of the epithelial tissue 

and to the metabolism of the reticulo-endothelial system 

which is the main producer of antibodies. On the other hand, 

these antibodies being synthesized from proteins, it is easy 

to understand why malnutrition during winter feeding, caus-
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ing a loss of resistance, has been frequently referred to by 

many authors as an explanation of spring rise. Another ef-

fect of nutrition is illustrated by the dietary use of low-

level antibiotics. It is well known, for example, that hygro-

mycin, daily fed to pigs, not only kills Ascaris lumbricoides, 

but also decreases the egg production of these worms. Pheno-

thiazine in low-level daily doses is said also to have an in-

hibitory effect on egg production of parasitic helminths 

(Poynter, 1954). According to Poynter (1954) egg laying 

might also be stimulated in the spring by a pH modification 

of the intestine, due to a change in nutrition at that time. 

The same observation was made by Rohrbacher (1958), who seems 

to have found a direct correlation in calves between pH of 

the abomasum and size of the worms. The amount of roughage 

in the ration should also be mentioned since Kelley (1955) 

determined experimentally on calves infected with H. contortus, 

' that the egg counts were inversely proportional to the amount 

of roughage fed. However, it is likely that this factor in-

fluences the egg count by dissemination of the eggs in a big-

ger mass of faeces, but does not change the egg production 

of the worms. 

Finally, four last factors should be discussed in 

order to complete the review of the factors influencing oogen-

esis. Brief mention only is made of them here, since they 

will comprise our thesis and will be studied in detail in the 

following chapters. These factors are crowding effect, age, 
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sex, and super-imposed infection. 

III. PURPOSE OF THE EXPERIMENT. 

The last three factors which have been discussed 

here are obviously more related to the susceptibility and 

resistance of the host than to oogenesis. 

The spring rise in egg counts, on the other hand, 

has long been noticed in domestic animals but all the at-

tempts which have been made to explain the phenomenon were 

limited to field experiments. These were not controlled: 

they obviously did not take into account some important cri-

teria, such as the time of infection and the amount of lar-

val uptake, and the study of the spring rise phenomenon was 

made as a whole, instead of investigating separately the 

underlying factors which cause the phenomenon. 

The present need of carrying out controlled labor-

' atory experiments for studying the factors influencing oogen-

esis is therefore realized. Such experiments in which a 

specific helminth is used will cancel out, first of all, 

the individual specific variations in egg laying capacity 

encountered in previous field works with mixed infestations. 

The controlled conditions, moreover under which they are 

carried out, will eliminate variations due to extrinsic fac-

tors, such as climatic conditions and nutrition. The trans-

fer of the infective agent from a wild to an unexposed dom-

estic host will ensure the absence of previous infestation 
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and acquired immunity in every test group. Furthermore, the 

time of infection and the level of the infective dose will be 

controlled features in this work, unlike the natural and un-

known infestations occurring in previous field surveys. 

Finally, collection of faeces from animals housed separately 

will permit the computation of the total egg production for 

each animal based on the total faecal output. 

Having then established all these conditions, it 

is possible to consider now an individual study of each of 

the following factors: - overcrowding phenomenon 

- age 

- sex 

- superimposed infection. 
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- PART II -

M A T E R I A L S A N D M E T H O D S 

I. THE EXPERIMENTAL HOST. 

For reason of economy, laboratory animals have been 

used in our experiments, and among them, rabbits have been 

found to be the most suitable especially with regard to man-

ipulation, care, and collection of blood for serological stud-

ies. Minor difficulties, however, have arisen with the use of 

these animals. Rabbits, first of all, characteristically re-

ingest a portion of their faecal pellets directly from the anus 

and the extent of this habit may vary with each animal (Watson, 

1954). However the parasite eggs contained therein are passed 

out a second time, without hatching during the digestion process 

because of the high temperature and the absence of oxygen (Alex-

eieff, 1933), and since the egg counts are computed on the basis 

of total faecal output over a period of four weeks, this vari-

able was considered negligible and disregarded. Secondly, the 

relatively large daily faecal output of a rabbit made examina-

tion of the total faeces impracticable, and led to the develop-

ment of time-consuming methods for weighing, grinding and mix-

ing, in order to carry out the egg count on a representative 

faecal sample. Thirdly, the large size of the rabbit, as a 

laboratory animal, has created a storage and space problem. 
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Limited facilities have forced the use of five-animal test 

groups, despite the fact that 10-animal groups would have 

been a good statistical number. 

New-Zealand Canadian white rabbits of the same strain 

have been selected as experimental hosts. They were accom-

modated in individual cages, and fed on a Purina diet without 

any antibiotics, since the latter supplement could have in-

fluenced the oogenesis. 

For five days prior to the use of these animals ex-

perimentally, piperazine and sulfauinoxaline were administered 

at therapeutic doses to control pinworms and coccidia respect-

ively. At least one day before infection, the therapy was 

discontinued. 

II. THE HELMINTH PARASITE. 

Since the findings of this study might possibly be 

i applied to domestic animals, and since trichostrongylid worms 

are among the commonest parasites of livestock, a member of 

this family was used as the infective agent. Four helminth 

parasites occurring in rabbits presented themselves as pos-

sible choices. These were: Graphidium strigosum, Trichostrong-

ylus retortaeformis. Nematodirus triangularis, and Obeliscoides 

cuniculi. All belong to the family Trichostrongylidae, but 

Graphidium strigosum (Dujardin, 1845) was selected for our ex-

periments, chiefly because of its high incidence in wild rab-

bits in Ontario. Moreover this nematode presents several 
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characteristics which are not all found among the three other 

species, and which can be considered as advantageous to this 

type of study. First of all, this worm is localized in the 

stomach of the rabbit host and is therefore readily accessible 

for post-mortem collection. Secondly, in view of its large 

size (eight to 20 mm. ) it is easily seen by the naked eye. It 

is also a blood-sucking worm, a feature which would predispose 

to a more intimate contact with the humoral antibodies from 

the host. Finally, a deep penetration of the mucosa of the 

stomach wall by this parasite has been established (Bull, 1953; 

Lapage, 1956), suggesting that a satisfactory immune response 

from the host could be expected. 

The use of Graphidium stripiosum, however, has re-

vealed a few drawbacks. It has shown itself, through the 

course of the experiment, to be a poor egg producer. This 

characteristic may be due to the inherent genetic nature of 

' the worm, or the change of nutrition encountered as a result 

of the change of host. This difficulty has been compensated 

for, as will be described later, by the use. of a modified flota-

tion technique with double enrichment of the eggs. Further-

more, the fact that the bionomics of this worm are unknown, 

has created unforeseen difficulties in culturing techniques. 

III. ACQUISITION OF PRIMARY CULTURE. 

During the summer, initial cultures of Graphidium 

strigosum were obtained by collection of adult female worms 
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from the stomachs of wild cotton tail rabbits, Sylvirlagus 

floridanus (Allen). To harvest the female worms, the stomach 

contents of each rabbit were screened through a set of two 

sieves No. 20 and 40, which have respectively a mesh aperture 

of 0. 34 mm. and 0. 42 mm. The results indicated that the pre-

servation of the contents of the second sieve No. 40 was un-

necessary, since the first screen was effective in trapping 

more than 99% of the adult female worms. The content of the 

second sieve was therefore usually discarded after a brief 

check. 

The paired uteri of each female worm were crushed 

under the dissecting microscope, and the eggs released into 

tap water. At room temperature (July - 85° to 90°F) a max-

imum of 24 hours was required for complete hatching. This 

range of temperature, however, under these artificial conditions 

was found unsuitable for the further development of the larvae 

^ to the infective stage. The characteristic strongyliform 

oesophagus used as a criterion for identification of the third 

stage larvae was never observed. Only the rhabditiform oeso-

phagus occurring in the first two immature stages was seen. 

Furthermore, the viability of the culture was almost completely 

lost. The larvae, in spite of daily care, which consisted of 

agitation and oxygenation, remained sluggish, and 60% of them 

were completely inanimate. In many abortive attempts the ex-

perimental infection of host rabbits could not be achieved, 

the non-infective larvae being undoubtedly passed out by the 

animals after inoculation. Consequently, Graphidium strigosum 
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was thought to be similar in climatic requirements to the gen-

us Trichostrongylus, in which maximum activity of the larvae 

is reached at 59°F and lost at 77°F (Rogers, 1940). To provide 

a temperature within this range for the larval culture, a cli-

matic chamber was acquired. Cultures grown in this apparatus 

at the temperature of 70°F reached the infective stage within 

one week and experimental infestations were carried out after 

an additional safety margin of three days. 

To arrive at an estimation of the numerical concen-

tration of the larval population, a simple dilution technique 

was employed. This technique consisted of careful measure-

ments of the total volume of the suspension, followed by agita-

tion to ensure uniform distribution of the larvae contained 

therein. Agitation was effected by repeated inversion of the 

graduate cylinder containing the culture, with the fact in 

mind that the use of a glass stirring rod or a syringe could 

^ have had a deleterious effect on the viability of the larvae 

(Liu & Ivey, 1961). While the larvae remained in even suspen-

sion, five ml. portions were removed from the graduate with a 

pipette and placed in Petri plates which were calibrated in 

squares and served as counting dishes. From the results of 

10 such samples the total larval population of the culture 

was ascertained. 

On the basis of the above calculation, doses of 1, 000 

larvae were administered to rabbits, which would serve as 

donors for the preparation of stock culture. Taking into con-
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sideration the average size of a rabbit stomach, the infective 

dose was prepared in such a volume which would not be a pos-

sible cause of overfilling the stomach. While a 50 ml. volume 

was found to cause regurgitation and immediate death, a 20 ml. 

dose proved most satisfactory. 

IV. INOCULATION METHOD. 

The inoculation of the rabbits was carried out using 

a small male rubber catheter (10 Fr) as a stomach tube. Care 

had to be taken during the introduction of the tube to avoid 

mechanical pneumonia caused by its accidental passage into the 

trachea. When this occurred, it was observed that the catheter 

could not be introduced to its full extent into the animal, 

due to the resistance offered by the bifurcation of the tra-

chea. With this in mind, the procedure adopted was to inocu-

late the culture only if the rabbits showed no sign of respira-

tory distress, and if the entire length of the tube could be 

passed freely into the animal. 

V. ACQUISITION OF STOCK CULTURES. 

After the inoculation of the rabbits, a minimum time 

lapse of 15 days was required before the appearance of the 

first eggs in the faeces of the hosts. 

Initial attempts to culture these faeces failed, 

since development did not proceed beyond the early embryonic 

stage within the egg, and it was considered that this may have 



- 22 -

been due to the deleterious effect of the nitrogenous constit-

uents of urine on their maturation (Wang et al., 1959). This 

indeed proved to be so since satisfactory development occurred 

when the faeces were collected daily and immediately washed in 

tap water until all noticeable odour of ammonia had disappeared. 

Culture was accomplished by spreading the faeces in 

shallow trays and allowing them to lie thus at room tempera-

ture (approximately 70°F - winter months) for a period of one 

week. After this period of development, the larvae were har-

vested using two different techniques. 

The "tray technique" which was used initially is very 

simple and takes advantage of the natural migration of the lar-

vae from the faeces. Small Petri plates containing the faecal 

pellets are placed in large metal trays, filled with water to 

the level of the plates, as indicated in the Figure I. To per-

mit migration of the larvae from the faeces into the water, an-

„ other similar tray is placed inverted over the first one, thus 

creating a saturated atmosphere. This condition effectively sim-

ulates the natural migration of larvae through dew drops on vege-

tation, the counterpart of these dew drops being the film of 

moisture formed around the faeces and over the periphery of the 

Petri plates. Although this technique proved ideal in providing 

a perfectly clean culture, and in that little manipulation and 

material were required, it was found inadequate for the pur-

pose of this experiment because at least three weeks were re-

quired for significant migration, and because the larval pop-
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Migration technique for Acquisition of Stock Culture. 



SATURATED ATMOSPHERE 

FIG. I 
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ulation thus obtained was not massive enough to warrant this 

expenditure of time. 

In order to accumulate a large population of infec-

tive larvae not only for the performance of the following ex-

periments, but also for the possible production of larval anti-

gen, the Baermann technique, which is much faster and more pro-

ductive, was adopted. Unfortunately, the larval suspension 

obtained by this standard method contains a high concentration 

of extraneous organic materials, which have been found to fer-

ment within a very few hours and cause a loss of viability of 

the larvae. Attempts to reduce fermentation by addition of 10% 

formalin proved to be of limited success. Repeated sedimenta-

tion and dilution failed also to accomplish this purpose, since 

the organic materials settled out as quickly as did the larvae 

and separation therefore was not effected. To overcome these 

difficulties, a modified Baermann technique was finally adopted 

(see Figure II). The initial stages involved in this method 

are identical to those of the standard Baermann technique, ex-

cept that the crude larval suspension, obtained from the Baer-

mann apparatus, is poured into an opened screening funnel pro-

vided with bolting cloth of mesh aperture of 0. 062 mm. which 

traps a certain percentage of the larvae. This step once com-

pleted, the funnel is closed and fresh water is added. A sedi-

mentation period of approximately five minutes allows the sus-

pended larvae to become concentrated at the surface of the 

filter and permits some of them to wriggle through the meshes 
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Modified Baermann Technique for Acquisition of Stock 

Culture. 

STEP I - Crude suspension of larvae from Baermann appar-

atus is poured into an opened screening funnel. 

STEP II - The screening funnel is closed after having 

trapped a certain percentage of the larvae. 

STEP III - Fresh water is added to the screening funnel. 

STEP IV - The clean suspension is sedimented for five 

minutes, allowing the larvae to become concen-

trated on the surface of the cloth and permit-

ting some of them to wriggle through the meshes. 

STEP V - The funnel is suddenly opened, and almost all 

the larvae are drawn down into a beaker by 

pressure effect. 
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of the cloth. Then a sudden release of the water from the 

funnel exerts sufficient pressure to force almost all the 

larvae downward into a beaker, providing thus a final clear 

suspension. This filtration process is repeatedly carried 

out until the original crude solution is sufficiently free of 

larvae to be discarded. Finally the clean suspensions obtained 

from the successive filtrations are accumulated and poured into 

a narrow 5, 000 ml. cylinder, in which, after a sedimentation 

period of several hours, they are concentrated by siphoning 

off the supernatant. It could be pointed out here, that, in 

carrying out the repeated filtrations, the use of a series of 

identical screening funnels was found more convenient than a 

single apparatus. 

This last technique proved very successful and was 

used many times throughout the course of our experiments. With 

* this method it was possible to build up a larval culture of 

several millions with a minimum amount of organic debris. The 

danger of fermentation therefore did not present itself. The 

cultures obtained were stored in the climatic chamber and were 

kept alive for many months, being used as needed. 

VI. EGG COUNTING TECHNIQUES. 

Since the value of this work depends upon an accurate 

evaluation of egg production, it was necessary to develop pre-

cise techniques for the preliminary preparation of the faeces 

and for the actual egg counts. From the laying of the eggs by 
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the female worms inside the stomach of the rabbit, to the 

counting of these same eggs under the microscope after the 

flotation technique, many factors are involved during the 

various processes which can cause large variations if they are 

not carefully controlled. 

First of all, considerable variation both hourly and 

daily in the egg content of animal faeces has been demonstrated. 

This may be due to the difference in moisture content of the 

faeces, the irregularity in movement of faeces into and from 

the rectum, or the variation in egg laying rate of the worm 

population (Spedding, 1952, 1953). To avoid as much as pos-

sible the recording of these daily variations, and for conven-

ience, the egg counts were carried out in our experiments every 

three days. Since hatching of the eggs, at room temperature, 

can be expected after 24 hours, the faeces were collected every 

day from each rabbit and stored in the refrigerator. 

The second stage in this process involved the weigh-

ing of the three-day faecal production of the individual rabbits. 

The faeces were then ground thoroughly in Waring 

blenders. During this third step caution was taken in remov-

ing as much as possible of the faecal residue adhering to 

the beaters and walls of the blenders, where eggs could have 

concentrated under the effect of centrifugal force. 

To further ensure an even distribution of the eggs 

within the faeces before sampling, the ground faeces were poured 

into beakers large enough to permit efficient mixing by shaking, 

these containers being tightly closed with a plastic bag. 
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Finally, portions were extracted at random from var-

ious parts of each of these beakers, until 10 gm. samples were 

obtained. These were replaced in the refrigerator for later 

egg counting. 

Many egg counting techniques and modifications there-

of were tried. It was first planned to use the McMaster method 

(Gordon McLean & Whitlock, 1939), since this is applied in most 

scientific works of this nature. This technique, however, was 

found inadequate in these experiments, because Graphidium stri-

gosum, as stated previously, has shown itself to be a poor egg 

producer, and because egg counts of under 100 per gram are un-

detectable. In view of this, it was decided to use a simple 

flotation method, with one gram faecal samples and supersatur-

ated sodium nitrate as the flotation solution. This technique 

was used throughout the course of a pilot experiment. Unfor-

tunately, it proved rather unsatisfactory since negative egg 

counts were often encountered. Such counts may not necessarily 

indicate the complete absence of eggs, since small numbers of 

them may adhere to the sides of the flotation vial. 

In an attempt to avoid as much as possible these neg-

ative egg counts, the weight of the faeces was progressively 

increased to 10 grams, but this involved an increase of sodium 

nitrate solution to provide proper dilution of these larger 

samples. Some improvement nevertheless was gained from the 

modification, although only a part of the filtrate could be ex-

amined for egg count. This method was used in the initial 
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phases of the work. A few negative counts, however, were still 

encountered and were compensated for by a transformation of the 

results. This involved the addition of a constant factor of 

0. 5 egg to each egg count. 

Later on, in order to avoid this slight inaccuracy, 

a double enrichment technique was developed, involving the con-

centration of the eggs of a large faecal sample in a small 

amount of sodium nitrate solution. 

In this method, 10 gm. processed faeces are mixed 

thoroughly with 75 ml. of sodium nitrate solution, and strained 

through an organdy cloth. The faecal bolus contained within 

the cloth is squeezed to remove as much fluid as possible. The 

bolus then is mixed in another 75 ml. of sodium nitrate solution 

and refiltered through the same cloth. This procedure ensures 

the separation of almost all the eggs from the faeces, includ-

ing those held in the center of the first bolus. Confirmatory 

tests were carried out on the efficiency of this method and it 

was found that 97% of the eggs were removed from the faecal 

bolus. The resultant 150 ml. of egg suspension are placed then 

in a paper cup and allowed to stand for a period of 20 minutes. 

This time lapse is sufficient to permit elimination of foam 

and air bubbles, which commonly constitute a problem with flo-

tation of sheep and rabbit faeces. In addition these 20 min-

utes provide adequate time for flotation of the 'eggs. At the 

end of this period, concentration of the eggs is accomplished 

by using a 13-gauge needle mounted on a lead base and attached 
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to a rubber tube of about two feet in length. The needle is 

inserted into the base of the paper cup and the underlying egg 

free solution is withdrawn until only sufficient liquid re-

mains to fill a 22 ml. sputum vial. In carrying out this last 

step, it was found convenient to drain slightly more suspension 

than required, since it was possible to return any small por-

tion directly to the sputum vial by means of the rubber tube 

in order to adjust the level of the fluid to form a meniscus. 

A coverslip, the lower surface of which had been previously 

coated with a film of aqueous egg albumin and glycerin mixture, 

is then placed on the surface of this meniscus to ensure max-

imum adhesion of the eggs (Euzeby, 1958). After a seven min-

utes time lapse, the coverslip is examined on a slide and the 

total egg count is computed. The results are finally multip-

lied by the total weight of the three-day faecal output to 

provide the total egg production for this time period. 

VII. RECOVERY OF MATURE AND IMMATURE W O R M S . . 

In order to attach significance to the egg counts ob-

tained for each rabbit, it was decided to relate the counts 

to the total number of adult female worms and to compute the 

egg production per female worm. Therefore post-mortem exam-

ination of the rabbits was carried out at the end of each ex-

periment. The stomach contents of each animal w?re screened as 

described previously, and diluted in large Petri plates. From 

these suspensions the adult female worms were removed one by 
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one and counted. Additionally, a dilution technique was used 

to estimate the male worm population. Furthermore, each stom-

ach was minced and digested using artificial digestive juice 

(Schwartz, 1939) to release the fourth stage larvae contained 

therein. Their numbers were estimated again by dilution. 

VIII. SEROLOGICAL METHODS. 

In order to relate the egg production to the immune 

response of the host, serological studies were carried out in 

our experiments on sera obtained from blood samples collected 

every week by puncture of the marginal vein of the ear of the 

rabbits. 

Since Stewart, using the complement fixation test, 

has demonstrated an inverse relationship between egg counts and 

antibody titres in the serum of sheep, this test was extensively 

used in our experiments. For that purpose, a heated antigen 

was prepared from a boiled suspension of ground adult worms 

as described by Stewart (1950). This technique was slightly 

modified by the addition of sodium merthiolate at a final dil-

ution of 1/10, 000 as a preservative. The antigen thus ob-

tained was nevertheless stored in the refrigerator. 

The complement fixation test, however, was of limited 

value in our experiments, as will be shown later, and the haem-

agglutination test, a more sensitive one, was consequently con-

sidered for possible use. Although the complement fixation 

test is more closely associated with parasitic activity and 
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egg production, the haemagglutination test, reacting to anti-

bodies stimulated by such materials as exsheathing fluid and 

metabolic products, can behave in a similar manner, provided 

an unheated antigen is used (Soulsby, 1960 a). 

Since a large number of worms is required for the 

production of any kind of antigen (500 well developed female 

worms for 25 ml. of antigen) and because of the shortage of 

these worms, an attempt was made to produce this unheated anti-

gen from third stage larvae. From stock cultures kept in the 

incubator, a concentrated suspension of several million larvae 

was prepared by repeated centrifugation and removal of the sup-

ernatant. Approximately one ml. of closely sedimented larvae 

was finally obtained and was estimated to weigh one gm. These 

larvae were washed several times in sterile distilled water 

and were finally suspended in 25 ml. The resultant suspension 

was then exposed to sonic vibrations. After successive trials, 

it was found that exposure for one hour was sufficient to 

disrupt all the larvae, leaving only empty cuticular fragments. 

By this method of extraction, at low temperature, it was ex-

pected to obtain a good "functional" antigen by preserving as 

far as possible the natural character of the living worms. 

Repeated attempts, however, to use this unheated 

antigen in the haemagglutination test proved unsuccessful. 

Since it was demonstrated (Soulsby, 1956) that normal stock 

rabbits contain antibodies against helminth antigens and that 

antibodies present in the diluent sera react specifically with 
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the antigen-coated red cells, causing them to agglutinate, 

attempts were made to use guinea pig serum and even beef albu-

min as diluents for the test. Despite these precautions, con-

sistently positive results were observed with known negative 

sera. This failure was finally attributed to a defect in the 

antigen, probably related to organic impurities, which could 

not be removed from the larval culture with the technique 

used. Seemingly a perfectly pure suspension might have been 

obtained by the tray technique, described previously, ^t 

would have been difficult, however, to acquire a culture of 

sufficient size for the production of antigen. Furthermore 

the fungal growth, a constant problem with this technique, 

would have introduced, possibly, cross reaction into the test. 
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- PART III -

O V E R C R O W D I N G P H E N O M E N O N 

I. INTRODUCTION. 

The so-called "overcrowding phenomenon", or "crowding 

effect" refers to that condition encountered in animals para-

sitized by large worm populations and resulting in the incomp-

lete development of the parasites. 

This phenomenon has been observed in animals showing 

surprisingly low egg counts, although subsequent post-mortem 

examination revealed heavy infestations with gastro-intestinal 

worms. 

There are two main purposes for investigating this 

crowding effect. First of all, it will be considered as a fac-

tor influencing oogenesis in helminth parasites. Secondly, it 

will be studied to ascertain, using different levels of infec-

tive larvae, the dose which will produce the highest egg produc-

tion in further experiments. For this latter reason, it was 

decided to study this factor first. 

II. PAST REVIEW OF THE LITERATURE. 

It is likely that the term "crowding effect" was first 

used to describe this condition in a cestode infection (Wood-

land, 1924). Since then, this phenomenon has been studied es-

pecially on tapeworms, and has been reported many times through 



- 33 -

the literature. Shorb (1933) and Hunninen (1935) demonstrated 

in rats and mice infected with Hymenolepis nana, that the size 

of the worm is, roughly speaking, inversely proportional to the 

number of worms in the given infection. Chandler (1939) and 

Hager (1941) reported this same effect in studies of Hymenolepis 

diminuta. Wardle (1941) and Reid (1942) obtained similar re-

sults in studying respectively the rate of growth of Diphyllo-

bothrium latum and Raillietina cesticillus. The data of these 

two authors were somewhat more accurate from a quantitative 

standpoint since they used weight and weight-length ratio as 

measures of size, whereas previous workers relied on linear 

measurements as criteria. Read (1951), reviewing and analys-

ing the works of the previous investigators, demonstrated that 

"not only the worms become smaller in infections with increas-

ing numbers of worms, but with decreasing size the surface area 

'per unit of weight of the individual worm rapidly becomes lar-

ger". The crowding effect in tapeworms being therefore related 

to the area-weight ratio, Read suggested that "some factors 

required by the worms in minimal amount per unit weight of tis-

sue, and obtained by the worms through the body surface, is 

present in the external environment in limited amount. As the 

number of worms increases, the satisfaction of the requirement 

by the individual worm becomes increasingly difficult and is 

only possible by maintaining a relatively larger surface area 

per unit of weight". 

With these considerations in mind, many speculations 
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can be made as to what the limiting factor may be. Reid (1942) 

suggested that carbohydrates are in sufficient amount in the 

gut of the host to provide the need of a large worm population. 

Chandler (1943) and Smyth (1947) stated respectively that tape-

worms have neither protein nor fat requirements. The critical 

factor responsible for the overcrowding phenomenon could not 

therefore be any of the above nutrients, but a vitamin (Addis, 

1946 a), an hormone (Beck, 1952), or even oxygen (Chandler, 

1955; Read, 1951). 

All these references, however, are concerned with the 

stunting manifestation of crowding effect, and Hager (1941) 

seems to have been the first author to show that this phenomenon 

causes an inhibition of oogenesis in tapeworms. Weinmann(1958) 

studied the egg production in three groups of mice, harboring 

an average of 27, 78 and 101 Hymenolepis nana, and found that 

, the number of eggs produced per worm present on the 11th day 

of infection was almost in inverse proportion to the worm bur-

den. Roberts (1961), working with Hymenolepis diminuta, found 

that the number of immature proglottids was unaffected by pop-

ulation density, but the mature proglottids were reduced in 

number in worms from large populations and the gravid proglot-

tids were most severely affected. 

There are also some indications that high population 

density may cause diminution in size of trematodes. Rankin 

(1937) suggested crowding when he observed that Brachycoelium, 

Plagitura, and Megalodiscus were large when present in small 
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numbers, and smaller, although sexually mature, when present 

in large populations. Willey (1941) also noted this effect in 

his study of Zygocotyle lunata. 

In nematodes infections, there are only a few artic-

les dealing with the crowding effect. 

Hill (1926) was the first to show that when large 

numbers of hookworms are harbored, the egg production is de-

creased. This conclusion was based on a series of 93 human 

cases in which the egg production of Necator americanus was 

inversely the size of the infestation. 

Sarles (1929) noted that in Ancylostoma caninum. the 

egg production per worm was lower in the larger populations than 

in smaller populations, but this could not be accounted for by 

decreased size. 

Andrews (1936), studying the egg producing capacity 

-of Cooperia curticei, a nematode parasitic in sheep, observed 

subsequently that the egg production per worm decreased with 

increasing population size. His experiment, however, was car-

ried out only over a 24 hour period and could hardly be con-

sidered valid. 

Miller (1941) observed that the egg output per worm 

of Trichocephalus vulpis is greater in light than in heavy 

infections. 

Bull (1953), in a survey of the parasites occurring 

in wild rabbits in New-Zealand, noticed that "in some of the 

heavy infections with Graphidium strigosum, the worms were 
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closely packed together and so deeply embedded in the stomach 

wall that they appeared to be covered only by the peritoneum. 

These worms were very small and the female contained few or no 

eggs, yet, the general condition of the rabbit was invariably 

good". 

In 1957, Thomas and Urquhart, experimenting with 

rabbits infected with Graphidium strigosum, showed that the 

rate of development to maturity of a single infection depends 

on the number of larvae administered to the rabbit. When 5, 000 

larvae were administered in a single dose to a rabbit main-

tained under worm-free conditions, the worms obtained at aut-

opsy, seven weeks later, were all mature, and the average 

length of each worm was 15 mm. When the size of the infective 

dose was increased to 350, 000 larvae, only a small percentage 

of the resulting infection was mature after seven weeks, and 

* the average size of the worms was six mm. This unpublished 

work, although apparently unrelated to egg production, shows, 

however, that the overcrowding phenomenon is manifested by an 

inhibition of development of the parasite. 

Dunsmore (1960) reported evidence that Ostertagia 

was smaller in very large populations in sheep. 

Finally, in 1961, Krupp carried out what appears to 

be the only specific experiment on crowding effect in relation 

to oogenesis. Working with Ancylostoma caninum in dogs, this 

author demonstrated that, as the worm burden and the degree of 

crowding increased, the number of eggs produced per female 
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worm decreased, except in a few cases. Furthermore, relating 

the egg production to the space distribution of the worms per 

linear centimeter of intestine, she found that the egg produc-

tion decreased as the spatial relationship of the worms was 

reduced, suggesting that competition for space is a possible 

mechanism of the overcrowding phenomenon. 

III. MATERIALS AND METHODS. 

In order to study the action of crowding effect on 

the egg production, 30 rabbits of similar age, sex (female), 

and weight were used. These were divided into six equal groups, 

and were labelled from 1 to 30. Then, they were infested ac-

cording to the following schedule: 

Having learned during a pilot experiment that egg 
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production is initiated approximately 15 days after infection, 

collection of faecal samples started on the 12th, 13th and 

14th days as a precautionary measure to ensure negative counts 

at the onset of the experiment. 

The egg counts were then carried out using the simple 

flotation method and 10 gm. faeces samples, as mentioned pre-

viously. 

In an attempt to correlate egg output and antibody 

level, blood samples were taken at six day intervals, the first 

one being taken one day after infection. The complement fixa-

tion test was carried out on only a part of these sera since 

a small number of adult worms was recovered at post-mortem and 

the supply of antigen was insufficient. 

IV. OBSERVATIONS AND RESULTS. 

The results of the egg counts carried out on the suc-

cessive three-day faecal samples are illustrated in Tables 1 

to 6. From these data were computed every three days, the arith-

metic means of the egg production of all the rabbits in each 

group. Since these values varied so widely between the dif-

ferent groups, a logarithmic scale was adopted to facilitate 

their graphical illustration, before plotting them against 

time, as shown on Figures III and IV. 

The total egg production for the entire length of 

the experiment was also obtained for each rabbit, and the 

arithmetic mean was calculated for each rabbit group. 

Comparison of the arithmetic means (1, 591, 8, 930, 



TABLE I — Egg production in rabbit3 infected with 250 larvae of Graphidium 
strigosum. 

* - recovered from the stomach 



TABLE 2 — Egg production in rabbits infected with 1, 000 larvae of Graphidium 
strigosum. 

* - recovered from the stomach 



TABLE 3 — Egg production in rabbits infected with 2, 500 larvae of Graphidium 
strigosum. 

* - recovered from the stomach 



TABLE 4 — Egg production in rabbits infected with 5, 000 larvae of Graphidium 

* - recovered from the stomach 



TABLE 5 — Egg production in rabbits infected with 50, 000 larvae of Graphidium 
strigosum. 

* - recovered from the stomach 

** - rabbit 23 died during the experiment 



TABLE 6 — Egg production in rabbits infected with 250,000 larvae of 
Graphidium strigosum. 

* - recovered from the stomach 

** - rabbits 29 and 30 died during the experiment 
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F I G U R E III 

Influence of the "Overcrowding Phenomenon" on the Three-

Day-Variations of Egg Production of Graphidium strigosum. 

* w Rabbit Group I infected with 250 larvae. 

o o Rabbit Group II infected with 1, 000 

larvae. 

+ - + Rabbit Group III infected with 2, 500 

larvae. 

A A Rabbit Group IV infected with 5, 000 

larvae. 
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Influence of the "Overcrowding Phenomenon" on the Three-

Day-Variations of Egg Production of Graphidium strigosum. 

+ + Rabbit Group I infected with 250 larvae. 

A A Rabbit Group III infected with 2, 500 

larvae. 

o o Rabbit Group V infected with 50, 000 

larvae. 

# Rabbit Group VI infected with 250, 000 

larvae. 
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and 40, 902) of total egg production of groups I, II, and IV, 

respectively infected with 250, 1, 000 and 5, 000 larvae, re-

veals a marked difference between these groups. This differ-

ence is reflected in Figure III, in which the three curves 

representative of these three groups are well separated. It 

must be kept in mind that the extent of this separation would 

have been much more accentuated if a logarithmic scale had not 

been used on the ordinate. Seemingly, therefore, from this 

general trend, it can be deduced that the total egg production 

was proportional to the larval infective dose used. 

Comparison of the means (2, 558, 1, 500, 1, 723) of the 

total egg production of groups III, V and VI, respectively in-

fected with 2, 500, 50, 000 and 250, 000 larvae, however, failed 

to follow this pattern, since the three values are very simi-

lar. This is well illustrated on Figure IV where it can be 

seen that the peak of any of the three curves representative 

of these three groups, barely exceeds that of g r o u p 1, which 

represents the mean of the egg production from an infection 

of only 250 larvae. 

There may also be noted delays of six and nine days 

in egg production in groups V and VI respectively. This indi-

cates that the use of heavy larval doses of 50, 000 and 250, 000 

has increased the prepatent period, due to an inhibition of 

development. This is confirmed by the results of rabbit No. 

29, which died on the 22nd day of infection and revealed at 

post-mortem examination a large burden of 38, 000 immature 
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worms with an average size of 1. 5 mm., and not a single adult 

helminth. 

At the end of the six weeks of the experiment, post-

mortem examination of the different rabbits permitted a total 

count of the adult female worm population in each rabbit. The 

arithmetic means of these female adult worm populations were 

computed for each group, and were related to the dose of larvae 

to obtain the percentage of infectivity. The results are il-

lustrated in Table 9, and from them an inverse relationship was 

established between the infective dose used and the percentage 

of larvae developing to female worms. 

By measurement of the adult female worms (see Table 

8) it was further evident that an inverse relationship exists 

between the infective dose and the length of the worms. There-

fore the stunting effect on the worm in the overcrowding phen-

omenon occurs not only with the massive doses, but also with 

the light ones to a less degree. 

An estimation of the number of immature worms was 

also carried out by a dilution technique. The results are in-

dicated in Table 7. It is interesting to note that in group 

IV, from three rabbits out of five, a few immature forms were 

found in the lumens of their stomachs, indicating that with 

the dose of only 5, 000 larvae an inhibition of maturity oc-

curred. 

Finally the total egg production was related to the 

number of female worms. The results are indicated at the bot-



TABLE 7 — Number and size of immature worms of 
Graphidium strigosum recovered from 
the stomach lumen. 

* - results of autopsy made 20 days before 



TABLE 8 — Number and size of female worms of Graphidium strigosum. * 

* - recovered from the stomach lumen 



TABLE 9 — Infectivity Rate of Graphidium strigosum as 
determined on female worms. 

* - recovered from the stomach lumen 
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torn of Tables 1 to 6, and illustrated in Figure V, in which the 

columns represent logarithmically the total egg production for 

the entire length of the experiment. Since rabbits 23, 29 and 

30 died during the experiment, spaces have been allotted for 

these animals in order to retain uniformity of the illustra-

tion. On this figure, a solid horizontal line, called "mean 

line", indicates the geometric mean of the egg production for 

each group of rabbits. Thus this figure shows at a glance, 

not only the differences in total egg production among the ind-

ividual rabbits, but also the variations between each rabbit 

and the mean of the population. From this study it is inter-

esting to note that the response of groups I, III, V and VI 

are relatively uniform, whereas groups II and IV show large 

variations within themselves. It can be observed also that 

the centres of the "mean lines" of each group are closely al-

ligned. A straight line, called the "mean slope" can be drawn 

through or close to these midpoints to establish a relationship 

between them. The mean line, however, of the IVth group is so 
< 

widely separated from this "mean slope" that group IV does not 

seem to follow the pattern. 

The proximity of the mean line of group II to the 

mean slope is just accidental, due to the fact that the large 

results given by rabbits 8 and 10 are counterbalanced by those 

of rabbits 6, 7 and 9, which are obviously too low. Such is 

not the case, however, in group IV, in which rabbits 18 and 

19 upset considerably, by their excessive egg production, the 

position of the mean line which is far from the mean slope. 
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Relationship between Egg Production per Female Worm of Graphidium strigosum and 

Dose of larvae in the "Overcrowding Phenomenon". 
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Relationship between Antibody Titre and Dose of Larvae 

of Graphidium strigosum in the "Overcrowding Phenomenon". 





- 42 -

However, the egg production per female worm in rab-

bits 16, 17 and 20 of the group IV closely approximate the 

mean slope. Serological studies described later, will reveal 

a low antibody titre in rabbits 18 and 19, in contrast with 

the higher titres in the sera of the two other rabbits of the 

same group submitted to the test. It is interesting also to 

recall that in the same group, immature worms were found in 

the stomach contents of rabbits 16, 17 and 20, but not in rab-

bits 18 and 19. It can, therefore, be concluded that rabbits 

18 and 19, due to a lower resistance are "variants" and so are 

exceptions to the group. In discarding the excessive results 

given by these two rabbits, the "mean line" of group IV would 

be lowered to a position much closer to the mean slope. It 

can be stated, therefore, that with the exception of the vari-

ants 18 and 19, there is almost a perfect inverse relationship 

between egg production per female worm and the larval dose used. 

By plotting on Figure VII the logarithmic values of 

egg production per female worm against the number of female 

worms, a relationship was established between most of the rab-

bits of the six groups. The same relationship is even better 

illustrated on Figure VIII where the hyperbolic curve, joining 

approximately the geometric means of the six groups, has been 

converted to a straight line by using a logarithmic scale for 

the abcissa. 

From the two graphs, it can be clearly noted that the 

egg production per female worm is in inverse relationship with 





F I G U R E VII 

Relationship between Egg Production per Female Worm of Graphidium strigosum 

and Number of Female Worms in the "Overcrowding Phenomenon". 

Rabbits I, 2, 3, 4 and 5 of Group I, infected with 250 larvae. 

Rabbits 6, 7, 8, 9 and 10 of Group II, infected with 1, 000 larvae. 

Rabbits II, 12, 13, 14 and 15 of Group III, infected with 2, 500 larvae. 

Rabbits 16, 17, 18, 19 and 20 of Group IV, infected with 5, 000 larvae. 

Rabbits 21, 22, 24 and 25 of Group V, infected with 50, 000 larvae. 

Rabbits 26, 27 and 28 of Group VI, infected with 250, 000 larvae. 







F I G U R E VIII 

Relationship between Egg Production per Female Worm of 

Graphidium strigosum and Number of Female Worms in the 

"Overcrowding Phenomenon". 

Rabbits I, 2, 3, 4 and 5 of Group I, infected with 250 

larvae. 

Rabbits 6, 7, 8, 9 and 10 of Group II, infected with 

1, 000 larvae. 

Rabbits II, 12, 13, 14 and 15 of Group III, infected 

with 2, 500 larvae. 

Rabbits 16, 17, 18, 19 and 20 of Group IV, infected 

with 5, 000 larvae. 

Rabbits 21, 22, 24 and 25 of Group V, infected with 

50, 000 larvae. 

Rabbits 26, 27 and 28 of Group VI, infected with 

250, 000 larvae. 
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the number of the female worms. Lines joining the points rep-

resenting the different rabbits of the same group provide 

ease in distinguishing the groups and illustrate the variations 

within the individual group by the extent of the area of the 

figures so formed. Here again the evident uniformity of groups 

I, III, V and VI is in contrast with the variations within 

the groups II and IV, represented by wide-spread areas. It is, 

on the other hand, evident that the results are not subject 

to excessive variation between groups, since the figures formed 

do not overlap at all. 

At the end of the experiment a series of complement 

fixation tests was performed on sera collected from individual 

rabbits. A cross-reaction unfortunately masked a part of the 

results, especially with the low antibody titre sera of group 

I and II. However in group III, IV, V and VI, where it wa3 

expected to find higher titres, due to the larger larval doses, 

significant differences were detected between the various 

groups. This cross-reaction must have been mainly due to the 
f 

fact that any parasitic helminth contains Forssman antigen and 

that Forssman antibody is frequently encountered in rabbits 

(Boyd, 1956). This reaction might also be explained by the 

presence of parasitic antibodies caused by coccidiosis or pin-

worm infestation, or even by antibodies of bacterial origin. 

Since the larval dose varied so widely between the 

different groups of rabbits, it was expected that the humoral 

response ellicited would show a parallel variation. Consequ-
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ently the complement fixation test was conducted on two levels 

with different dilutions of guinea pig complement (C. P. C. ). 

The first batch of sera taken from groups I, II and III was 

analysed using a 1/40 dilution of G. P. C., whereas a dilution 

of 1/20 of G. P. C. was employed for groups IV, V, and VI. To 

justify this procedure and to correlate the results on both 

levels, two sera No. 13 and 14 of group III previously stud-

ied with 1/20 G. P. C. were rerun with 1/40 G. P. C. Shown to be 

negative with the lower dilution, these sera demonstrated a 

positive titre (32* and 64 respectively) with the higher dil-

ution (see Figure VI). 

Consequently this step proved the presence of much 

higher parasitic antibody levels in groups IV, V and VI than 

in groups I, II and III. 

Further study of the Figure VI reveals also that there 

is higher titres in antibodies in rabbit 27, and 25, infected 

with 250, 000 and 50, 000 larvae respectively, than in rabbits 

17, 13, 19 and 20 infected with 5, 000 larvae. The same differ-
< 

ence exists also between rabbits 17, 13, 19 and 20 (5, 000 lar-

vae) and rabbits 12, 13 and 14 (2, 500 larvae). 

Therefore, except in rabbits 1, 2, 3, 5, 6, 8, 9, 

and 10, infected with 250 and 1, 000 larvae, among which there 

* - In this thesis, the titres of the sera are presented as the 

reciprocal of the highest dilution showing a positive reaction. 
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is some confusion, there is evidence with the larger doses of 

larvae, that a direct relationship exists between the anti-

body titre and the larval dose used. Moreover, there is evid-

ence of an inverse relationship between the antibody level 

and the egg production per female worm. Comparison of the 

data on Figures V and VI, clearly illustrates this conclusion. 

For example, rabbit 18, with a total production per female 

worm of 1, 429 eggs, reveals only a normal antibody titre, 

whereas the serum of rabbit 27, in which was found an egg pro-

duction per female worm of seven, reacts positively with a 

dilution of 128. 

The same inverse relationship can be established 

between the rabbits within a group. For example rabbits 18 

and 19 with, respectively, a total egg production per female 

worm of 1, 429 and 1, 578 reveal in their sera antibody titres 

of one and two, while rabbits 17 and 20, with egg productions 

of 45 and 14, show antibody levels of 16 and eight. 

V. DISCUSSION. 

An interpretation of Figures III and IV is necessary 

before further discussion of the mechanisms and manifestations 

of the overcrowding phenomenon. It can be seen that the curves 

illustrating the three-day variations of the arithmetic means 

of the total egg production of the rabbits in each group dis-

play some irregularities. The curves of groups I, II, and IV, 

respectively infected with 250, 1, 000 and 5, 000 larvae, reach 
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progressively higher peaks (see Figure III). The curve how-

ever, of group III, infected with 2, 500 larvae, does not fol-

low this general trend since, instead of being located between 

curves of groups II and IV as might be expected considering 

its larval dose, it barely exceeds the maximum of curve of 

group I. Moreover, curves of groups V and VI (50, 000 and 

250, 000 larvae), after a delay of six and nine days, rise rap-

idly to and settle in a range similar to that of groups I and 

III (see Figure IV). Which of the two general trends is more 

acceptable? Liu and Ivey (1961), using infective doses of 50, 

100, 150 larvae of Nematospiroides dubius in mice, have ob-

tained in the curves of the mean of egg productions of their 

animal groups, three plateaux whose levels are proportional 

to the infective dose. Can we concur with these authors in 

concluding from curves of groups I, II and IV, on Figure III, 

that the total egg production is proportional to the infective 

larval dose used or, from the curves of groups I, III, V, and 

VI, on Figure IV, should we assume that the total egg produc-
f 

tion is approximately similar in each group despite the size 

of larval dose? An answer to this question requires a consid-

eration of Figure V, which relates the egg production per fe-

male worm in each group to the infective larval dose. It is 

evident from the "mean slope" joining approximately the centres 

of the "mean lines", that slight modification of the position 

of the "mean lines" in some groups can be carried out in order 

to obtain a perfect linear relationship between the egg produc-
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tion per female worm and the larval dose. The new levels of 

these means are indicated by dotted lines and their values can 

be obtained from the ordinate. Multiplication of these data 

by the geometric mean of the number of female worms in each 

group gives the theoretical total egg production for each group 

(see Table 10). The results are 1, 625, 2, 428, 2, 128, 1, 596, 

1, 676, and 1, 299 eggs for group I to VI respectively, and these 

values are sufficiently similar to support the conclusion that 

under ideal conditions, with animal groups of similar immune 

state, and within the limits of the experimental doses used, 

the total egg production is about the same in each group, no 

matter what the size of the infective dose. This rule is not 

always adhered to in nature because some individuals with lower 

resistance are not subject to the inhibition caused by the 

crowding effect and therefore upset the general trend of the 

'egg production of the group. It seems, however, that escape 

from this rule is possible only where the infective dose is 

light. In this experiment, once the dose exceeded 5, 000 lar-

vae, inhibition of egg production by each female worm occurred 

without exception. This does not mean that the inhibition is 

restricted to the final doses. It appeared in fact from the 

second dose used (1, 000 larvae, group II), but did occur with 

greater uniformity in massively infected rabbits. Therefore 

this would explain the lack of uniformity encountered in the 

egg production of groups II and IV and wide separation bet-

ween the curves in Figure III. In other words, without the 



TABLE 10 — Theoretical Total Egg Productions computed from Figure V, in rabbits 
infected with different doses of larvae. 

* - value given by the "mean line" on the "mean slope" 
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rabbits 8, 10, 18 and 19 the three egg production curves of 

groups I, II and IV would more closely approximate each other 

to the extent that they would overlap at many points. This 

inference is substantiated by the trend of the curve of group 

III which shows a great uniformity and which could have been 

considered initially to be too low, but which is in fact very 

significant. 

One of the manifestations of the overcrowding phen-

omenon is this inverse relationship found between the infective 

dose used and the percentage of recovery and the size of the 

female worms. It is interesting to note that the average size 

of the female worm population of the different groups, which 

are indicated in Table 8, are in agreement with the findings 

of Thomas and Urquhart (1957). For example, an average size 

of 13. 8 mm. has been computed with a dose of 5, 000 larvae, 

while Thomas et al. recorded a size of 15 mm. for the same in-

fection level. With 250, 000 larvae, a size of 5. 7 mm. has 

been found among the female worms, and Thomas et al., using 

350, 000 larvae, obtained the similar figure of six mm. Con-

cerning the inverse relationship found between the larval dose 

and the percentage of recovery of the female worms, it is a 

confirmation of a generally accepted concept called "law of 

diminished return". 

Another striking result of this experiment is the 

inverse relationship which has been found between the egg pro-

duction per female worm and the number of female worms. This 
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concept is not new, since two authors (Hill, 1926; Andrews, 

1936) have suspected this relationship which was confirmed by 

Weinman (1958) in cestodes, and Krupp(196l) in a very limited 

experiment with nematodes, using only two animals per group. 

It remains, now, to find a satisfactory explanation of the 

phenomenon. Why does the egg production per female worm de-

crease as the size of the worm population increases? 

Competition for space was first advocated as a pos-

sible reason (Chandler, 1948). Krupp (1961), working with 

Ancylostoma caninum has demonstrated, by determination of the 

number and the position of the hookworms in the intestine of 

dogs, an inverse relationship between the egg production per 

female worm and the linear distribution of the worms per cent-

imeter of intestine. This last relationship is, however, 

simply another way of expressing the relationship already 

'found between egg production per female and the number of 

worms, since it is logical to expect less space available for 

each worm in the intestine, as the worm burden increases. 

Moreover, this author does not give any explanation of the 

phenomenon, and despite the fact that he found in some cases 

more dense concentrations of adult worms in the duodenum and 

in the ileum, he was not able to show a greater inhibition of 

egg production due to these most densely populated areas of 

the intestine. It is true, however, that space to some ex-

tent may be a factor determining the maximum growth of worm 

parasites. Read and Voge (1954), for example, using mice, 
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hamsters, and rats demonstrated that the size of H. diminuta 

increases in a general way with the weight of the host species 

involved, and this could be related to the available space 

in the intestine. This theory of competition for space, in 

any case, is far too vague. Considered just as a mechanical 

factor, it cannot explain the stunting of the worms and the 

inhibition of the egg production. 

But competition for space can be understood differ-

ently, as a general term including some underlying factors 

which must be taken into consideration. Chandler (1955) sug-

gested that a competition for space is actually a competition 

for oxygen. Evidence of some aerobic metabolism in vivo has 

been given by Read (1949) and it seems probable that a limited 

amount of aerobic reactions occur in tapeworms. Presumably, 

oxygen, normally present in the gut, enters by diffusion from 

the surrounding tissues, and it seems logical to assume that 

it may be present in the largest amount in the region of the 

greatest proximity to the mucosal surface. Therefore, with 

an increasing number of worms there may be less contact of 

the individual worms with the mucosal surface of the gut. 

Rogers (1949) demonstrated that oxygen tension in the small 

intestine of the rat averaged 24 mm. of Hg near the mucosa, and 

this report furnishes definite evidence that oxygen is pre-

sent in sufficient amount in the rat gut to support some aero-

bic metabolism of a nematode parasite. It is likely, however, 

that this oxygen requirement may be more important in cestodes 
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than in nematodes, due to their different physiology. More-

over, it has not as yet been proven that the metabolism of 

either tapeworms or nematodes is predominantly aerobic. 

Therefore more significant is the competition for 

space in relation to competition for nutrition. Although the 

nutritional requirements of nematodes are not well known, it 

is interesting to refer to investigations regarding nutrition 

and crowding effect in cestodes. 

Reid (1942) pointed out that there is little reason 

to believe that the stunting of the worms in the crowding ef-

fect is due to insufficient carbohydrates in the lumen of the 

gut, since the amount of carbohydrates ingested by the host is 

hundreds of times greater than the requirements of a worm pop-

ulation of any conceivable size. 

Proteins on the other hand can hardly be the limit-

ing factor, since tapeworms are apparently independant of the 

protein in the host diet (Chandler, 1943). It is also sug-

gested that cestodes have no fat requirements (Smyth, 1947). 

Read (1951), in view of the above, and having noted 

that the area-weight ratio of tapeworms increases with the 

population size in the crowding effect, suggested that some 

factor present in the gut of the host in limited amount may 

become more and more difficult to obtain by the individual 

worm as the population increases. To satisfy the requirement 

of the factor, the worms adapt themselves in increasing their 

area-weight ratio. In other words, they develop greater sur-
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face area in proportion to their weight in order to increase, 

by osmosis, the absorption of this limiting diluted factor 

and to keep their requirement per unit of weight of tissue at 

a minimum level. 

The shortage of such a limiting factor as the crowd-

ing effect increases, would explain not only the stunting of 

the worms, but also the decreased rate of development of the 

genital system and consequently the inhibition of egg pro-

duction. 

This limiting factor could be a vitamin. Chandler (1943) 

demonstrated that absence of vitamins B-complex from the diet 

of the rat caused a lowering in egg output. Addis (1946 a) 

found that some vitamin contained in brewer's yeast is needed 

for establishment and growth of cestodes. It could also be 

some substance present in bile (Goodchild, 1960) or perhaps an 

hormone (Addis, 1946 b; Beck, 1952; Hand, 1961). 

The hypothesis regarding the importance of the carbo-

hydrate cannot be fully rejected. Read (1959 b), after a 
f 

great deal of further experiment, finally concluded that car-

bohydrate was essential for the normal development of the 

tapeworms, and that the crowding effect indeed "may be inter-

preted in terms of competition for utilizable carbohydrate 

by the individual worms of the population". Read (1959 a) 

was even able to demonstrate that worms from animals receiving 

a high starch diet show the usual manifestation of crowding 

effect. In addition, worms from animals receiving a low sue-
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rose diet give similar results, whereas this did not occur 

when a high sucrose diet was provided. It is therefore ap-

parent that alteration of the quality or the quantity of 

carbohydrate in the diet may explain the crowding effect in 

cestodes. 

Roberts (1961), who worked with H. diminuta confirmed 

also the importance of carbohydrates in the growth of tape-

worms, since he extracted larger concentration of these sub-

stances in worms from small populations, compared to the amounts 

collected from worms in crowded infections. 

Since all these findings are related to tapeworm 

infections, we may wonder to what extent these explanations 

can be applied to nematode infections. Consideration of the 

osmotic process and the lack of gut in cestodes lends support 

to the idea that the relative surface area per unit of weight 

and competition for carbohydrate are more critical factors in 

cestodes than in nematodes. 

Another explanation is given by the fact that, as 

the population size increases, there could be some disturbance 

in the metabolism of the individual worms. It is indeed rea-

sonable to think that an increased number of worms in the host 

gut would alter the medium by increasing toxic products. There 

could be also some chemical interference producing the same 

outcome. For example an excretory product might*hinder uptake 

or utilization of an essential substance to a degree deter-

mined by the concentration of that product in the medium. Even 
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a single enzyme could be inhibited to such an extent that the 

substance could be forced through an alternate, but less ef-

ficient, metabolic pathway. This, better than competition 

for carbohydrate, could explain, for example, the effect of 

crowding on the germinative regions of tapeworms. If the ef-

fects of population density were only due to competition for 

carbohydrates, one might expect that the same number of pro-

glottids would be produced in all cases, but of smaller size. 

They have in fact been found smaller and fewer. Consequently 

competition for a vitamin-like nutrient or the action of a 

specific inhibitor would be a more plausible explanation. 

This interaction between metabolisms of the individual worms 

in crowding effect is also illustrated in comparing its ef-

fects to those of concurrent infections. Holmes (1961) dem-

onstrated that in crowded single infection, the distribution 

of attachment points of Hymenolepis diminuta, a cestode, is 

extended to include the anterior three fourths of the intes-

tine. In concurrent infections with Moniliformis dubius (ac-

anthocephala) the tapeworms are limited to the posterior part 

of this range. Under crowded conditions the N. dubius extend 

their linear intestinal distribution into the anterior half 

of the small intestine; under concurrent infections, with H. 

diminuta the acanthocephalans are limited to the anterior part 

of this range. These higher distributional limitations in 

concurrent infections can be explained by an interaction of 

metabolism and inhibition of development between the different 
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species, and this interference could be applied, in crowding 

effect, to the individual worms to some extent. 

To what extent therefore, may these explanations -

competition for oxygen, lack of carbohydrates, vitamins, hor-

mones, or enzymes, accumulation of toxic products, and finally 

interference between individual metabolisms be applied to 

our experiment with nematodes? 

Although it is likely that these mechanisms play a 

greater part in cestode than in nematode infection, enough is 

not known about the physiology of nematodes to reject all 

these theories completely. It is probable that a complex 

mechanism of many interrelated factors is involved in the 

crowding effect, including the reaction of the host, a factor 

which has been completely overlooked until now. 

Previous investigators considered the crowding ef-

fect as a consequence only of the size of the adult worm pop-

ulation. This view may be acceptable with regard to cestode 

infections since such infections usually result from the sim-

pie development of cysts swallowed by the host. In nematode 

infections, however, a different attitude must be adopted, for 

the crowding effect here must be related to the infective lar-

val dose giving rise to the existing adult population after 

invasion of the host tissue. With increasing larval doses the 

tissue reaction of the organ invaded becomes progressively 

stronger. The metabolic products excreted by the larvae, 

and the exsheathing fluids liberated during the molting pro-

cess, provide larger amounts of antigen, as the larval dose 
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increases. Soulsby (1961 a) demonstrated that the "protective" 

or*anti excretion" antigens are probably the only ones res-

ponsible for the reduced rate of development of larvae and 

adult worms. This author infected two groups of guinea pigs 

with eggs of Ascaris lumbricoides. One of the two groups had 

been previously vaccinated with metabolic products and exsheath-

ing fluids of this parasite. The larvae, harvested six days 

later, showed a reduction in size compared to that of larvae 

removed from the control group. It is therefore reasonable 

to assume that these functional antibodies, responsible for 

the retardation in the development of the larvae, are also 

responsible for the stunting of the adult worms, and, consequ-

ently, for the inhibition of egg production. Although the 

reaction taking place within the parasite attacked by these 

functional antibodies is not completely known, Soulsby (1960 b) 

speculated that there may be an inhibitor of internal enzymes 

concerned with the formation of new cuticle and oogenetic 

tissue. f 

It is interesting to note that this special immune 

response acting on oogenesis is not specific and occurs in 

the case of cross reactions between different species of para-

sites. Soulsby (1961 b) demonstrated, for example, that sheep 

immune to H. contortus are fully susceptible to Trichostrongy-

lus spp. and vice versa. On the other hand, sheep, immunized 

against Cooperia spp. and then challenged with Trichostrongy-

lus spp. harbor worms of the latter species, showing a marked 
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retardation of reproduction and oogenesis. This suggests 

that these functional antibodies having a deleterious effect 

on the egg production constitute a different mechanism from 

that of the specific protective immunity. 

It can therefore be assumed that the antigens which 

are associated with stimulating immunity operating against 

egg production in nematodes, might well be associated with 

protein and nucleic acid synthesis and that these might be 

shared in various parasites. It is possible that some anti-

enzymes are involved in this mechanism. 

At the present time it is known that these protect-

ive antibodies interfere with the normal metabolism of the 

larvae. Thorson (1954) demonstrated that, when infective 

larvae of Nippostrongylus muris are kept in immune serum for 

six hours at 37°C, and then injected into rats, significantly 

fewer adults develop in the experimental than in the control 

animals. When the larvae are washed three times with distil-

led water, between removal of serum and injection into rat, 
( 

there is no significant difference in the number of adults re-

covered. The classical experiment of Taliaferro and Sarles 

(1939) who detected the formation of precipitates on Nippostrong-

ylus muris infective larvae, exposed in vitro to immune serum 

of rats, illustrates, in addition, the probable interference 

occurring on nematode larvae during their development inside 

the mucosa. 

To a lesser degree it would be logical to expect 

that these functional antibodies may act on the adult worms in 

the lumen of the gut, since these antibodies can reach the 
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adult worms either in the mucous secretions of the goblet 

cells or in the blood itself, in the case of blood-sucking 

nematodes. 

Despite the fact that Culbertson (1941) advocated 

that the depression of egg production by female worms in im-

mune hosts may be explained by the occlusion of the genital 

pore with antibody-antigen precipitates, it is thought that 

this mechanism is not likely to occur on the adult worms in 

the lumen of the gut. 

Weinmann(196l) for example, infected three groups 

of mice with Schistosoma mansoni, which were injected with 

homologous immune serum, normal serum and physiological saline 

respectively, during the 29th to 49th day of infection. This 

author demonstrated that there was not statistically signifi-

cant difference in egg production between the three experi-

mental groups, despite the fact that these parasites inhabiting 

the blood vessels of their host, are in close contact with 

the circulating antibodies. Consideration of the above the-

ories and investigations led the author to believe that the 

stunting of the adult worms and the inhibition of the egg pro-

duction come from the deleterious effect of the functional 

antibodies during the histotrophic phase of the parasite. 

This is indeed suggested by the fact that the higher titres 

of antibodies detected by the complement fixation test in this 

experiment, were reached with the sera collected on the ninth 

day of infection, that is to say, before the end of the pre-
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patent period while the larvae are likely to be still inside 

the mucosa. 

That the overcrowding phenomenon is related to an 

immune response from the host is supported in this experi-

ment by the following collective facts: 

First of all, an inverse relationship has been dem-

onstrated between the egg production per female worm and the 

dose of infective larvae (see Figure V), which suggests that 

the inhibition of egg production might be proportionally rel-

ated to the functional antibody elicited by the amount of meta-

bolic products and exsheathing fluids of the larval dose. 

Secondly, a direct relationship has been established 

between the antibody titre detected by the complement fixation 

test and the dose of infective larvae, which confirms that the 

humoral response mentioned above increases with the larval 

dose. 

Comparison between the egg production per female 

worm in some individual rabbits on Figure V, and the immune 

response in these same animals, reveals that there is an in-

verse relationship between egg production and antibody titre. 

Consideration of the results, given in Table 7, shows 

that the presence of immature worms in the stomach lumen occurs 

only with the final doses of 5, 000, 50, 000 and 250, 000 larvae 

and that their numbers increase progressively with the mentioned 

doses. This suggests that the level of functional antibodies, 

elicited by the massive doses of larvae, is such that a per-
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centage of the larvae which return to the lumen are stopped in 

their development and do not reach maturity. 

Results given in Table 8 demonstrate an inverse rel-

ationship between the average size of female worms and the dose 

of larvae. This increasing stunting effect is again explained 

by the humoral response of the host which increases with the 

larval dose. 

An extension of the prepatent period of group V and 

VI, infected with 50, 000 and 250, 000 larvae respectively, has 

been mentioned previously. This fact proves again that with 

the massive dose there is inhibition of development of the 

larvae, due to a high immune response. 

Finally, since it is generally accepted that corti-

sone reduces the host resistance to helminth infections (Par-

ker, 1961; Weinstein, 1955; Coker, 1955), it was decided to 

'use this steroid to break down the immune response which seemed 

to be mainly responsible for the overcrowding phenomenon. 

With this hypothesis in mind, a short experiment was 

carried out on two lots of rabbits infected with a dose of 

50, 000 larvae, which proved satisfactory in our last experiment 

in producing a marked inhibition of development and egg produc-

tion. One day before the infection, one of the two lots of 

rabbits received a dose of 10 mg. of cortisone acetate, and this 

treatment was repeated daily until the end of th, e experiment. 

The results were definitely positive since the manifestations 

of the overcrowding phenomenon regarding the extension of the 
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prepatent period, the inhibition of development and egg pro-

duction were suppressed in the cortisone treated animals. 

An egg production of 64 eggs occurred after 14 days of in-

fection, that is to say, nine days before the appearance of 

the first eggs in the control group. On the 17th day of in-

fection 3, 008 eggs were recorded; on the 20th day: 8 , 664 

eggs, and on the 23rd day: 7, 951 eggs. The effect of corti-

sone was so acute in breaking down the resistance of the rab-

bits that coccidiosis, normally dormant after treatment with 

sulfaquinoxaline, flared up in a few days and reduced the ani-

mals to such a cachectic state that they usually died before 

the end of the prepatent period. Consequently, the last ani-

mal of the cortisone treated group was sacrificed on the 24th 

day of infection, before death intervened as it did with the 

other four of the group. On the other hand, the control rab-

bits, not treated with cortisone, displayed a delay in egg 

laying similar to that already recorded in groups V and VI of 

the previous experiment. Egg production did not start until 

the 23rd day and even then only 59 eggs were recorded. The 

results of post-mortem examinations of the two groups of rab-

bits were also very conclusive. In the control rabbits, which 

were sacrificed at the same time as the cortisone treated ani-

mals, an average of 206 female worms was recovered. They 

were mature, but smaller, and showed no activity even when 

placed in physiological saline. Microphotographs of these 

worms (see Plate IIl)reveal a small diameter and a marked red-
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uction in the size of the uteri. In contrast, the 156 fe-

male worms from the rabbit treated with cortisone were large 

and thick. They were extremely active, since they were still 

wriggling for as long as 24 hours after harvesting in physio-

logical saline, at room temperature. This suggests that their 

metabolism has not been interfered with by a humoral response. 

Microphotography (see Plate II) displays in comparison a 

gross increase in size and large uteri filled with eggs. The 

results of the digestion of the stomach wall also revealed 

a difference. In the control rabbits an average of 25, 000 

fourth-stage larvae was recorded in contrast to 2, 300 in 

cortisone treated animal. The control and cortisone treated 

groups, furthermore, yielded 0 and 13, 000 immature adult 

forms respectively. These results suggest that a breakdown 

of resistance by the cortisone has allowed a larger number of 

fourth stage larvae to reach the immature adult stage. Had 

the experiment been carried on for 42 days instead of 23 days, 

it is likely that most of these forms would have reached comp-
f 

lete maturity. The action of cortisone on the resistance of 

the animals would have been confirmed by demonstration of neg-

ative titres in the sera collected from the animals treated 

with this steroid. Unfortunately, although a slight differ-

ence was found by the complement fixation test, between the 

cortisone treated animals and the control group, ' it was not 

very significant. Such a result, however, does not seem to 

be peculiar to this work, since it has been observed (Fischel 





P L A T E * I 

OVERCROWDING PHENOMENON 

Female Graphidium strigosum recovered 42 days after infection 

with 250, 000 larvae. This shows stunted growth and empty 

uteri. 

* - All the plates have been prepared with the same mag-

nification. 



P L A T E I 





P L A T E * II 

OVERCROWDING PHENOMENON (anterior and posterior 
uterine pouches. ) 

Female Graphidium strigosum recovered 23 days after infection 

with 50, 000 larvae from cortisone-treated rabbit. This 

shows absence of stunted growth, large diameter, and uteri 

filled with eggs. 

* - All the plates have been prepared with the same mag-

nification. 



P L A T E II 





P L A T E * III 

OVERCROWDING PHENOMENON (anterior and posterior 
uterine pouches. ) 

Female Graphidium strigosum recovered 23 days after infection 

with 50, 000 larvae from control rabbit, and showing small 

diameter and reduced uteri. 

* - All the plates have been prepared with the same mag-

nification. 
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et al., 1951) that resistance may be lost by injection of cort-

isone, while circulating antibodies are still detected sero-

logically. 

The six facts mentioned above, supported by Soulsby's 

theory, strongly suggest, therefore, that the main cause of 

the overcrowding phenomenon is the immune response elicited 

in the host by the larval dose administered. In other words, 

the greater the larval dose used, the higher the amount of 

metabolic products and exsheathing fluids, the more intense 

the humoral reaction, the higher the level of functional anti-

bodies, and the more accentuated the inhibition of develop-

ment and egg production in the overcrowding phenomenon. 

This theory obviously is more acceptable to the 

crowding effect in nematode infections but does not complete-

ly reject, however, all the theories advanced for the same 

phenomenon in tapeworms. Therefore, it can be postulated that 

the crowding effect in nematode infection is mainly due to the 

immune response of the host to the invasion of larvae. The 

effects of competition for nutrients, enzymes, vitamins and 

oxygen, the accumulation of toxic products, or the interfer-

ence of individual metabolisms within the adult worm popula-

tion cannot be completely disregarded but probably are of 

limited importance. 

In nature, this phenomenon cannot be differentiated 

from super-imposed infection. In dealing at post-mortem exam-

ination with a heavily parasitized animal which during its 
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lifetime produced consistently low or negative egg counts, 

it is impossible to know of the existence of any previous in-

festation. In fact both phenomena should not be dissociated 

because the mechanism involved in each is similar. In both 

cases, we have an inhibition of development and of egg produc-

tion due to the immune response of the host. The only differ-

ence lies in the fact that in crowding effect the immune res-

ponse is elicited by a single super-dose of larvae, while in 

the other phenomenon the response of the host to a super-im-

posed infection comes from an immunity already acquired from 

a previous infestation, which can be very small. 

Some suggestions for further experiments should be 

pointed out here, because there are indeed, with this new con-

ception, many avenues which deserve deeper study and which 

promise more successful advances for the future. 

From difficulties encountered in our own experiment, 

it is suggested that further experiment should be done first 

of all on mice, with a nematode such as Nematospiroides dubius, 

for the following three reasons. By working with mice, which 

lack the Forssman antibody, the cross reaction encountered 

from the agent will be eliminated from the complement fixation 

test. The greatest advantage however, with such a small ani-

mal is the fact that the experiment could be carried out con-

veniently with test-groups of 20-25 animals, thus permitting 

the use of statistics for the analysis of the egg counts. 

Furthermore, with the use of this number of animals, some of 
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them could be sacrificed periodically during the course of the 

experiment to permit micro sectioning of the gut wall and ob-

servations of the tissue reactions and the behaviour of the 

larvae during their development in the mucosa. 

VI. SUMMARY 

In order to investigate the influence of overcrowd-

ing phenomenon on oogenesis, an experiment has been carried 

out on rabbits, using single doses of Graphidium strigosum, 

ranging from 250 to 250, 000 larvae. 

An inverse relationship was found between the in-

fective dose used and the size and the percentage of female 

worms recovered. 

A delay of six and nine days was observed in the egg 

production of the groups infected with 50, 000 and 250, 000 lar-

tvae, suggesting a marked inhibition of development with these 

large doses. 

Increasing numbers of immature adult worms were re-

covered from the animals infected with the doses of 5, 000, 

50, 000 and 250, 000 larvae. 

Another inverse relationship was found between the 

total egg production per female worm and the larval dose used. 

It was also possible to relate inversely the total 

egg production per female worm to the number of female worms. 

Results of serology demonstrated a direct relationship 

between the antibody titres and the larval dose used, and an 
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inverse relationship between the antibody titre and the individ-

ual egg production per female worm. 

Under ideal conditions, with animal groups of similar 

immune state, the total egg production has been estimated to 

be similar at any level of infective dose within the limits of 

the experiment. The total egg production has been found, how-

ever, to be increasingly higher in the case of individual ani-

mals with lower resistance as indicated by the complement fix-

ation test. 

Three main manifestations of the overcrowding phen-

omenon were suppressed by injection of daily doses of 10 mg. of 

cortisone. Rabbits treated with this steroid and infected with 

a single super-dose of 50, 000 larvae, presented no extension 

of the pre-patent period, no inhibition of egg production, and 

no stunting of the adult worms. 
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- PART IV -

A G E A N D S E X 

I. INTRODUCTION. 

It is intended in this chapter to study the action of 

age and sex of the host on the oogenesis of helminth parasites. 

These factors are treated together here, because age, in this 

experiment, was studied on rabbits of both sexes. In addition, 

a coordinated study of these factors can be advantageous since 

it is likely that a relationship exists between hormonal changes 

occurring during sexual maturation and resistance due to the age 

of the host (Stahl, 1961). 

'II. REVIEW. OF THE PAST-LITERATURE. 

I. AGE. 

There have been to date no controlled laboratory experi-
< 

ments available on the action of age on the egg production of 

helminth parasites. The only observations of the influence of thi: 

factor on oogenesis are incidental ones made during field ex-

periments. There is some existing literature related to age 

which treats this factor only with regard to susceptibility 

and resistance and not in connection with egg production. 

Since, however, oogenesis has been related to resistance, and 

because of the lack of relevant specific reference material, 
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it is proposed to review these two aspects. 

Concerning age related to resistance, it has been 

stated that older hosts are more difficult to infect than 

younger ones (Sandground, 1929 and Herlich, 1960). To account 

for the predisposition of the young to infection, Sandground 

(1929), suggested that the process of aging is accompanied by 

changes in the tissues that act as barriers against the in-

vasion of the parasite. A number of other views have, however, 

since been expressed. The evidence of the work of Duca (1939) 

in which he showed that weanling rats, infected with Trypano-

soma lewisi were killed by the infection, supports the theory 

that the antibody response of the young host is slower than 

that of the adult, thus rendering the young host more suscept-

ible to infection. Ackert et al^ (1939) suggested that the 

greater amount of duodenal mucus present in older chickens may 

be responsible for age resistance. Mathies (1959), working on 

Aspiculuris tetraptera infections in mice, found that female 

hosts become less susceptible than male only after their first 

estrus period. Stahl (1961) also demonstrated that age resist-

ance in mice against A. tetraptera appears only after 10 weeks 

of age, once the animals have reached sexual maturity, which 

appears to indicate a relationship between age resistance and 

sexual hormones. The literature is replete with references 

of nematode-host associations which show age resistance, for 

example Ancylostoma caninum (Herrick, 1928) in the dog; Nip-

postrongylus muris (Graham, 1932), Trichinella spiralis (Nolf 
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and Zaiman, 1941) in the rat; Haemonchus contortus and Oeso-

phagostomum venulosum (Lucker, 1953; Goldberg, 1952) in the 

sheep; Strongyloides papillosus (Vegors, 1954) in calves. 

Age resistance, however, is by no means universal in 

host-parasite relationship. Sarles (1932) found no evidence of 

age resistance in rabbits infected with Trichostrongylus cal-

caratus. The age of the host seemed to have no influence on 

susceptibility to infection with Ostertagia radiatum and Buno-

stomum phlebotomum in calves ranging from 0. 5 to 1. 25-year-

old (Mayhew, 1940), or with Cooperia in cattle up to one year 

old (Bailey, 1949). Gordon (1950) stated that "age resistance 

appears to be practically absent, as far as haemonchosis is 

concerned in sheep". Stewart and Gordon (1953 a) reported 

that seven of ten three-to-four-year-old sheep, raised worm-

free, died from experimental exposure to T. colubriformis. 

Therefore, while there is a great deal of evidence 

in support of age resistance, examples are known where it 

does not occur. 

In the few observations related to oogenesis during 

past field experiments, age has been referred to as having 

an action on the egg production, but these empirical state-

ments do not have an absolute value, since they are based on 

naturally infected animals with varying degrees of acquired 

immunity, which obviously influence the observed results. Mor-

gan et al. (1950), from a study of the worm egg output of near-

ly 1, 500 sheep on many farms in Scotland, reported that the 
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level of worm egg output in hoggs* is generally higher than that 

of older sheep. Gregoire (1955) stated that lambs eliminate 

16 times more eggs than resistant adult sheep so that a high 

egg count in adults has to be considered more serious than in 

young animals, since it means a breakdown of immunity. Paver 

et al. (1955) demonstrated that the effect of age on worm egg 

count is highly significant. Hoggs of six to 16 months of age 

show counts some three times greater than ewes over the age of 

three years. Soulsby (1957 a) on the other hand, recorded the 

highest egg counts and the lowest antibody titres in pregnant 

ewes, compared to the hoggs and gimmers** of the flock, which 

would suggest, in direct contrast to Paver's results, that in-

crease of age in sheep predisposes to higher egg counts. 

The above observations fail to indicate whether age 

really influences oogenesis, or if the low egg counts encount-

ered in adults result from a lighter worm burden caused by 

immunity. This failure comes from the fact that previously, 

egg production was not related to the number of female worms, 

and also because the faecal output being larger in adults, the 

eggs are diluted to a greater extent. In addition, previous 

infestations could have altered the immune state of the host. 

It is only when animals are raised under worm-free conditions 

and are subsequently exposed to infestations at different ages 

* - sheep between weaning and first shearing 

** - female sheep between first and second shearing 
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that the significance of age can be assumed. 

The only experiment controlled to any degree at all 

was carried out recently by Herlich (1960). Using calves and 

adult cattle, most of which were free of helminth parasites 

except for Strongyloides papillosus, he demonstrated that the 

age of the host seemed to have no effect on either the pre-

patent period of infection or the size of the mature worms. 

Also, within the limitation of the faecal egg counting tech-

nique employed, there was no apparent influence on nematode 

egg production. 

2. SEX. 

The extent to which sex has been investigated in rel-

ation to oogenesis is as slight as that for age. Since, how-

ever, sex, gonadectomy, and the interaction of reproductive 

hormones have been shown to influence the resistance to hel-

minth parasites, it can be assumed that sex may act on egg 

production. 

It is indeed well known that the male host can have 

a different susceptibility to parasitic infections, compared 

with that of a female host. Hunninen (1935) showed that for 

some days after parturition, female mice became more resistant 

to Hymenolepis nana. Culbertson (1941) listed the following 

parasites as being affected by the sex of the host: Entamoeba 

histolytica. Leishmania, malarial parasites, Haemonchus con-

tortusj cysticercoids, Hymenolepis nana, and Trypanosoma equi-
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perdum. From this literature, it appears that the female host 

has the greater resistance to parasitic infections. But Whit-

lock (1937) found the incidence of Syngamus trachea higher in 

the female than in the male partridge. Campbell and Melcher 

(1940) showed that castration followed by administration of 

oestrogen to male rats increased the resistance to Cysticercus 

crassicolis, whereas androgens administered to the spayed fe-

male seemed to have the opposite effect. Stoll (1940) showed 

that the native resistance of ewes to H. contortus decreased 

during gestation and lactation. Chandler (1943) and Addis 

(1946 b) found that testosterone favoured the growth of H. dim-

inuta in rats. Sadun (1951) stated that the resistance of the 

male chick was likewise increased by the injection of testos-

terone, but Todd gt al. (1951) found it was not affected by 

methyltestosterone given in the diet, although the length of 

the worms increased. Todd even observed in further experiment 

(1952) that the male chick harbored a small but significantly 

greater number of Ascaridia galli than the female chick did. 
< 

Mathies (1954; 1959) established a similar relationship bet-

ween infections of male and female mice with Aspicularis tet-

raptera. Berg (1953; 1957) showed that injection of testoster-

one in mice infected with Schistosoma mansoni lowered the sur-

vival of the parasite, but Robinson (1959) denied any such 

modification of the survival rate. It is interesting to note 

that a sex difference to an infection occurs also in invert-

brate hosts. Burtt (1946) and Ashcroft (1959) found a sig-
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nificantly greater rate of infection with T. cruzi, and T. 

rhodensiense, in the male than in the female Glossina mor-

sitans. 

Finally, the only observation relating sex to oogen-

esis has been made by Beck (1952) who demonstrated that, when 

only a single individual of H. diminuta was experimentally 

established in rats, a higher rate of egg production was reached 

more quickly in the male than in the female rat. He has also 

proved the role of hormones in this difference, since he found 

that castration of the male host lowered the rate of egg pro-

duction, while the administration of the homologous sex hor-

mone restored it. 

It is realized, therefore, that much controversy 

on the subject exists, since exactly opposite results have 

been submitted by different authors on the action of the same 

reproductive hormone on susceptibility to parasitism. The 

complexity of this action goes even further, since a seasonal 

change in the host susceptibility related to sex has been ob-
f 

served. Bull (1959) for example, noticed that during the 

summer, male rabbits are more heavily infested than female 

and this relationship is reversed during the winter. 

III. MATERIALS AND METHODS. 

In order to study the action of age and sex on 

oogenesis in helminth parasites, five test groups of five 

rabbits each were used. These five groups are described in 
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the following table: 

Although a dose of 5, 000 larvae proved to give, 

in the last experiment, the maximum egg production, the dose 

level of 2, 500 larvae was chosen here to avoid any inhibition 

of development, since immature adult forms were encountered 

in three rabbits out of five, infected with 5, 000 larvae. 

The simple flotation technique carried out on 

10 gm. of faeces yielded a few negative counts in the previous 

experiments. Consequently, it was decided to adopt here the 

double enrichment technique described previously*. This ac-

counts for the higher egg counts obtained in this study. 

In an attempt to study the effects of gonadectomy 
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on oogenesis, five young male rabbits, four-weeks-old and 

sexually immature, were castrated a week before infection. 

At this age, it was thought that testosterone would not have 

had any opportunity to act on the infective agent. 

IV. OBSERVATIONS AND RESULTS. 

The results of the egg counts carried out on suc-

cessive three-day faecal samples are illustrated in Tables 

11 to 15* From these data, the arithmetic means of the egg 

production of all the rabbits in each group were computed 

every three days. These means were then plotted against time, 

as shown on Figure IX. The total egg production for the entire 

length of the experiment was also obtained for each rabbit, 

and the arithmetic mean was calculated for each group. 

Comparison of the arithmetic means (57, 022, 32, 660, 

against 11, 896, 13, 457, 8, 529) of total egg production of 

groups I, III, and II, IV, V, which are respectively young 

and adult females, and young, adult, and castrated males, 

reveals a marked difference in egg production between male and 

female rabbits. The influence of sex is reflected in Figure 

IX, in which the curves of groups I and III occupy higher 

levels than those of groups II, IV and V. 

At the end of the six weeks of the experiment, post-

mortem examination of the rabbits permitted a total count of 

the adult female worm population in each host. The counts 

are illustrated in Tables 11 to 15 and from them and the re-



TABLE 11 — Egg production in young female rabbits infected with 2, 500 
larvae of Graphidium strigosum. 

* - rabbit 4 died during the experiment 

** - data transformed by (x t 0. 5) to ensure origin in 
the curve with log. scale 



TABLE 12 — Egg production in young male rabbits infected with 2, 500 
larvae of Graphidium strigosum. 



TABLE 13 — Egg production in adult female rabbits infected with 2, 500 
larvae of Graphidium strigosum. 



TABLE 14 — Egg production in adult male rabbits infected with 2, 500 
larvae of Graphidium strigosum. 



TABLE 15 — Egg production in castrated young male rabbits infected with 
2, 500 larvae of Graphidium strigosum. 





Day-Variations of Egg Production of Graphidium strigosum. 

F I G U R E IX 

Influence of "Age" and "Sex" of the Host on the Three-

Day-Variations of Egg Production of Graphidium strigosum. 

A A Rabbit Group I : Young Females. 

V + + v Rabbit Group I I I : Adult Females. 

* * Rabbit Group I I : Young Males. 

o o Rabbit Group I V : Adult Males. 

+ + Rabbit Group V : Young Castrated Males. 



DAYS AFTER infection 

FIG. lX 





F I G U R E X 

Influence of "Age" and "Sex" of the Host on the Three-

Day-Variations of Egg Production per Female Worm of 

Graphidium strigosum. 

A A Rabbit Group I : Young Females. 

V — + -*-— +-V Rabbit Group I I I : Adult Females. 

* * Rabbit Group I I : Young Males. 

o o Rabbit Group I V : Adult Males. 



DAYS AFTER INFECTION 

F!G . X 
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suits of the egg counts, the total egg production per female 

worm has been computed. These data are shown in Figure XI, 

in which the columns represent the total egg production per 

female worm for each individual rabbit. On the same figure 

is provided a single horizontal solid line, for each group, 

which illustrates the geometric mean of the egg production 

per female. This graph shows, then, at a glance, that des-

pite some variations within the groups, the sex of the host 

has a marked influence on egg production per female worm. 

Such is not the case, however, with the age factor for the 

geometric horizontal lines show slight difference, if any, 

between groups of different age but similar sex. Much vari-

ation may be noted among the young castrated males of group 

V. Gonadectomy seems to have had no effect on rabbits 21, 

23 and 25, for which the levels of egg output per female worm 

are comparable to those of males of groups II and IV. Rab-

bits 22 and 24, however, show an extraordinary elevation in 

egg production similar to that observed in the female groups. 

This suggests that castration produced an effect on egg pro-

duction in at least two rabbits out of five, possibly due to 

an alteration in the hormone balance. 

Included in each of Tables 11 to 15 is an expression 

of the egg production in three-day faecal samples related to 

the number of female worms. The geometric means of these data 

were computed every three days for each rabbit group, and then 

plotted against time, as shown on Figure X, to illustrate the 





F I G U R E XI 

Influence of "Age" and "Sex" of the Host on the Total 

Egg Production per Female Worm of Graphidium strigosum. 
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egg production pattern in relation to the female worm burden 

throughout the course of the experiment. On graph X, in which 

a normal scale has been used, the marked separation of the 

sexes is well represented. In order to determine any existing 

linear relationship from the curves of this figure, another 

graph was constructed using a log scale on the ordinate (see 

Figure XII). To ensure origin of the curves, the data were 

submitted to the transformation y t-(x + 0. 5). It can be not-

iced from this Figure XII that the initial portion of each 

curve approximates a straight line, suggesting that the pro-

duction rate of the female worm population is proceeding in 

geometric progression. 

At the end of the experiment, an estimation of the 

adult male worm population in each rabbit was made using a 

dilution technique, and the arithmetic mean was computed for 

each group. Similarly, the approximate number of fourth-stage 

larvae in each rabbit was determined after artificial diges-

tion of the stomach wall, and again the mean was obtained for 

each group. These means are illustrated on Tables 16 and 17, 

together with the means of the adult female worm populations. 

The total worm population is included on the same tables along 

with the percentages of susceptibility and infectivity. The 

mean of the total egg production per female worm within each 

group is also indicated. Comparison of the data on Table 16 

shows that in young rabbits the susceptibility is similar in 

both sexes, but the egg production in the females is five times 



-

F I G U R E XII 
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F I G U R E XII 

Influence of "Age" and "Sex" of the Host on the Log of 

the Three-Day-Variations of Egg Production per Female 

Worm of Graphidium strigosum. 





TABLE 16 — Relationship between egg production, susceptibility and infectivity in rabbits infected with 
2, 500 larvae of Graphidium strigosum. 

* - including adult male and female worms plus 4th stage larvae 
** - coMPuted from the ratio: adult worm population x 100 

total worm population 
- computed from the ratio: adult worm population x 100 

dose of larvae 



TABLE 17 — Relationship between egg production, susceptibility and infectivity in castrated young 
male rabbits infected with 2, 500 larvae of Graphidium strigosum. 

* - including adult male and female worms plus 4th stage larvae 

** - computed from the ratio: Adult worm population x 100 
Total worm population 

*** - computed from the ratio: Adult worm population x 100 
Dose of larvae 
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that in the males (439. 9 versus 86. 18). Such is not the case 

in the adult hosts where the susceptibility of the females has 

dropped to 14%, possibly under the influence of oestrogen, 

while in the males susceptibility has not changed. The dif-

ference of egg production, however, remained similar (467. 9 

versus 84. 78) despite the increase of age. 

Susceptibility and not egg production varied with 

age of the female hosts, since as the susceptibility and in-

fectivity dropped in adult female rabbits, the egg production 

remained high. Both, susceptibility and egg production, how-

ever, varied with sex, but inversely. Seemingly, therefore, 

the factors influencing egg production appear to be unrelated 

to susceptibility and infectivity. 

From Table 17, it is also evident that rabbits 22 

and 24 have behaved as adult female rabbits, since they show 

a low susceptibility and infectivity and a very high egg pro-

duction per female worm. The contrasting lack of response 

to castration in the remaining three rabbits of the group may 

have been due to a low level of male hormones at the time of 

castration. 

V. DISCUSSION. 

The results of this experiment do not indicate that 

age has an effect on oogenesis since the means of total egg 

production per female worm were similar in the young and adult 

male groups, and also in the young and adult females. This 
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result is in agreement with Herlich's work (1960), which dem-

onstrated that the prepatent period of the infection, the size 

of the adult worms and the production of eggs of several gas-

tro-intestinal nematodes were identical in five-month-old 

calves and two-year-old cattle. However, some authors (Paver, 

1955; Morgan, 1950) have observed that "the effect of age on 

worm egg count is highly significant" since "hoggs of six to 

16-months of age show counts some three times greater than 

ewes over the age of three years". 

On the other hand, Africa (1931), experimenting with a 

strain of the nematode Nippostrongylus muris, recently iso-

lated from wild rats, found a very striking age resistance 

against this parasite in laboratory white rats, since he ob-

served an egg production ten times greater in the young rats 

compared to the adults. 

In assessing the results of experiments on age re-

sistance, two aspects should be taken into consideration: 

first that of acquired immunity developing with age and as-

sociated with previous infections; secondly that of natural 

age resistance related to species immunity. 

In the first case, it is not age that really influ-

ences the resistance of the host, but the acquired immunity 

developed in the host through more opportunities of being ex-

posed to infections with advancing age. Therefore, as long 

as young and adult animals have never been exposed to helminth 

parasites, (as is the case of the work of Herlich and this 
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experiment) their resistance is similar since there is no ac-

quired immunity, and, the increase of age does not alter the 

egg production. The lower egg counts recorded by the previous 

authors (Morgan, 1950; Gregoire, 1955; Paver, 1955) are ex-

plained by an acquired resistance causing either a lower in-

fectivity, an inhibition of egg production, or even an elim-

ination of the existing worm population by "self-cure". Since, 

in these experiments, no attempts were made to relate the egg 

counts to the female worm burden, it is impossible to know 

which of these manifestations was most significant. On the 

other hand, higher egg counts found in some cases in adult 

animals, may be due to a lowering of the acquired immunity 

caused by pregnancy or other stress factors (Soulsby, 1957 a). 

In the second case, age determines a natural physio-

logical difference, and this shows most strongly when the para-

site enters an abnormal host, whereas it is almost or entirely 

absent when the parasite attains the closest possible relation-

ship with the host. Sandground (1929) explained that the 

nature of this age resistance is due to the fact that the young 

of many different species possess many physiological character-

istics in common and that they become more divergent with ad-

vancing age. This would explain, for example, the results ob-

tained by Wood (1958) who succeeded, for the first time, in 

experimentally transmitting T. colubriformis from 'sheep to rab-

bits, and noticed a marked age resistance in the abnormal host, 

as indicated by suppressed egg production and worm burden in 
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rabbits weeks of age when compared to animals 10-weeks-old. 

It should be noted here that, in this experiment, despite the 

fact that white domestic rabbits were infected with a strain 

of Graphidium strigosum, isolated from wild cotton-tail rabbits, 

no age resistance, as reflected in the egg production has ap-

peared, which proves that this parasite is well adapted to the 

experimental animals, and that the results of this thesis have 

not been influenced by such a factor. 

Consideration of the data in Table 16 have shown that 

the percentages of susceptibility and infectivity were reduced 

from 30% and 9% in young females, to 14% and 4. 12% in adult 

females respectively. This variation would indicate that age 

has an action on the susceptibility and the infectivity of fe-

male rabbits without altering the egg production. In fact, 

here again, age is not the determining factor of this change. 

The variation recorded in female rabbits should actually be 

related to the sexual maturation, since levels of susceptibil-

ity and infectivity are similar in young animals of both sexes, 

and become separated only when these animals reach maturity. 

This conclusion agrees with that of Stahl (1961) who 

demonstrated that albino mice, up to the tenth week of age, did 

not show sex differences in susceptibility to Aspicularis tet-

raptera. Infections, however, carried out on mice older than 

10 weeks, showed wide differences in susceptibility between 

the sexes, since female mice revealed worm burdens approximately 

one half those of the male mice. These findings confirm the 
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works of Mathies (1959) who demonstrated that female mice, in-

fected with A. tetraptera become less susceptible than males, 

only after their first estrus period. He also observed that, 

after this initial drop in susceptibility, advancing age caused 

no further changes. 

How can the action of estrogenic hormones in reduc-

ing the susceptibility of adult female hosts be explained? 

Weinstein (1939) showed that estrogenic hormones pos-

sess the ability to increase the amount of circulating anti-

bodies against Escherichia coli, in both male and female rab-

bits. Von Haam et al. (1942) observed that the administration 

of estrone increased the resistance of both gonadectomized and 

normal male rabbits to Pneumonococcus, testosterone having no 

effect. Therefore, the presence of estrogens in the normal fe-

male host could involve a simple increase in antibodies against 

helminth parasites. 

More recent observations indicate that variations in 

susceptibility are more likely to be due to a localized tissue 

reaction than to a generalized immune response. It is well 

known indeed that estrogens facilitate the deposition of con-

nective tissue and could therefore cause an increase in the in-

hibition of the larval development in female hosts by encapsula-

tion in a connective tissue sheath. This concept is substan-

tiated by the work of Asboe-Hansen (1958) who showed that ad-

ministration of estrogens in animals, induces in all connect-

ive tissues an increase in the mucopolysaccharide content, es-
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pecially the hyaluronic acid, which lends viscosity and gel-

atinous character to the ground substance. 

Finally, it appears from recent work that estrogens 

stimulate the phagocytic activity of the reticulo-entothelial 

system. Nicol & Bilbey (1960) have produced evidence, by in-

travenous injection of carbon into experimental animals, that 

estrogenic steroids not only increase the phagocytic activity 

of splenic and hepatic macrophages, but also mobilize them into 

the circulation. It is interesting to compare, for example, 

the phagocytic indices of a few of the steroids pertinent to 

this work. Estradiol benzoate was found to be the strongest 

stimulant with a phagocytic index of 81 + 15. Testosterone, on 

the other hand, has no effect on phagocytic activity (13 1), 

the index of normal animals being 13. Cortisone acetate finally, 

with an index of 7 + . 009, has the strongest depressent acti-

vity of any of the steroids. 

In the light of these last findings, it appears there-

fore, that a decrease in susceptibility and infectivity is 

mainly due to an increase in the phagocytic action of the ret-

iculo-endothelial cells and also to an encapsulation of the 

developing larvae, as a result of increased deposition of con-

nective tissue at the level of the gut wall. This would ex-

plain why a decreased susceptibility and infectivity has been 

recorded in the adult females of this experiment, whereas no 

change occurred in the male animals. 

It is reasonable to assume, however, that the fore-
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going mechanisms, although acting locally and lowering sus-

ceptibility, do not affect the egg production, since, as men-

tioned in the previous chapter, only the "functional anti-

bodies" elicited by the metabolic products and exsheathing 

fluids of the larval dose seem to be responsible at least in-

itially for this action. 

Since an i nve rse r e l a t i o n s h i p has been demonstrated 
between egg p roduc t i on and l a r v a l dose, the degree o f i n h i b i -
t i o n o f egg p roduc t i on should be s i m i l a r i n the f i v e groups 
o f r a b b i t s which have rece ived the same amount o f l a r v a e . 
There fo re i n o rde r t o e xp l a i n the f i v e t imes g rea te r egg p ro -
duc t i o n recorded i n females than i n males, i t i s necessary 
t o suggest another mechanism, poss i b l y a lso r e l a t e d t o the en-
d o c r i n o l o g i c a l s t a t u s o f the hos t . 

This mechanism could involve either an increase of 

the egg laying capacity by direct action of estrogens on the 

worms harbored by the female hosts, or in the case of male 

rabbits an inhibitory effect by androgen hormones. 

A search of the literature failed, however, to support 

this hypothetical action of estrogens, and one article by 

Rosen et al. (1951) who found that estradiol strikingly re-

duces the reproduction of Rhabditis briggsae in vitro, appears 

to demonstrate the contrary. 

On the other hand, the results of the young castrated 

male rabbits of group V (see Table 17) in which two animals 

(22 and 24) out of five, behave obviously as adult females with 
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regards to egg production and susceptibility, would suggest 

that the suppression of testosterone by castration, has removed 

inhibitory effect of this male hormone on the oogenesis of the 

worms. Unfortunately, here again, this conclusion lacks any 

support, since Beck (1952) observed that a higher egg production 

is reached more quickly in male than in female rats infected 

with Hymenolepis diminuta, and since he also found that castra-

tion of the male host lowered the rate of egg production, and 

that administration of testosterone restored it. Rosen et al. 

(1951) noticed also that testosterone, in sterile culture, has 

a stimulatory effect on the reproduction of Rhabiditis briggsae. 

In any case, since, according to Dukes (1955), pub-

erty is not reached in rabbits until six months, it is likely 

that the young male rabbits, four-weeks-old at the beginning 

of this experiment, constitute a pre-hormonal group, with very 

low level of sexual hormone, if any. 

It is therefore difficult to explain the five times 

greater egg production recorded in young female rabbits, com-

pared to the young males, by an action of sexual hormone. Con-

sideration of the Figure XII shows that, when the geometric 

means of three-day-egg production per female worm are plotted 

logarithmically against time, a straight line is obtained for 

the beginning of each curve. This constitutes a significant 

result since it deals with a growing population of worms and 

proves that the early egg production of the female worm in-

creases logarithmically until it reaches a plateau. It can be 
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noticed, from the same figure, that the log phases of each of 

the four curves present different slopes. The slopes of the 

two curves illustrating the egg production in young and adult 

females, are obviously more accentuated compared to the slopes 

of the curves given by young and adult males. In the female 

groups, the female worms seem to reach their maturity faster, 

in about six days. Such is not the case of the male rabbits 

in which the worm maturation appears to be slowed down during 

an average of 18 days. 

It is, of course, rather difficult to explain this 

retardation of worm maturation in the male hosts, since it is 

likely that the sexual hormones do not cause this effect. 

It is only possible to assume that some physiological 

difference between the two sexes (temperature, hydrogen ion 

concentration, intestinal flora, digestive fluids or other 

clinical condition) is responsible for the difference in the 

rates of maturation and egg production. 

It is obvious that further work is required on this 

subject due to the limited amount of data available from this 

short experiment. 

VI. SUMMARY 

In order to investigate the influence of age and sex 

of the host on oogenesis, an experiment has been carried out, 

using five groups of rabbits divided into young females, 

adult females, young males, adult males, and young castrated 

males. Each of these groups was infected with 2, 500 larvae of 
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Graphidium strigosum. 

A difference of age, that is, from four weeks to one 

year, was found to have no action on oogenesis on unexposed 

rabbits of both sexes. 

A distinction was made between acquired immunity 

developing with age and associated with previous infection, 

and natural resistance related to species immunity. 

Five times greater egg production per female worm 

was recorded in females than in males during the six-week ex-

periment. 

Castration proved to be variable in its effect on 

egg production since two young castrated rabbits out of five 

behaved as adult females regarding susceptibility and egg 

production, and the remaining three as males. 

Adult female rabbits were found to have a decreased 

susceptibility and infectivity compared with rabbits of the 

other groups, except two of the young castrated rabbits. This 

could possibly be related to the action of estrogen hormones 

on the phagocytic activity of the reticulo-endothelial cells, 

and on the laying down of connective tissues. 

Since the sexual hormones do not seem to be res-

ponsible for the five times greater egg production recorded 

in female rabbits, some physiological difference between 

sexes may be the causal factor. 
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PART V -

S U P E R I M P O S E D I N F E C T I O N 

I. INTRODUCTION. 

The purpose of this chapter is to study the oogene-

sis in a superimposed infection where the host has been pre-

viously exposed to the homologous parasite. Two types of 

superimposed infections merit investigation and will be stud-

ied in this chapter. 

In the first case, the superinfection follows the 

initial infection after a time lapse of five months which 

should permit the development of an acquired immunity bet-

ween the two exposures and was considered to be a suitable 

interval to allow self-cure to occur. The second type in-

volves the use of a series of infections induced at intervals 

of one day, over a short period. The chances of immunity de-

veloping between the time of the first and last dose were not 

considered likely. 

II. REVIEW OF THE PAST LITERATURE. 

The lack of controlled experimental work on the ef-

fect on oogenesis of superimposed infection is again evident 

on examination of the past literature and the emphasis on 

resistance is again obvious. 
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McCoy (1931 a) showed that rats previously infected 

with Trichinella spiralis allowed a small percentage of worms 

(an average of 5. 8%, as compared with 48. 6% in the controls) 

to develop to maturity in the intestine, and, when these im-

mune rats were killed later than a week after infection, no 

adult worms were found in the intestine, and no young larvae 

were present in the muscles. McCoy (1931 b) carried out an-

other extensive series of experiments in which he subjected 

dogs to repeated infections with Ancylostoma caninum. He 

found that, after a peak had been reached in about three months, 

the number of worms not only ceased to increase, but fell off 

sharply to a low level. Africa (1931) demonstrated that rats 

which previously received very heavy infestations of Nippo-

strongylus muris, become either completely refractory, or par-

tially so, to-subsequent re-infestation. Sarles (1933) showed 

that rabbits, infected previously with six to eight weekly 

doses of larvae of Trichostrongylus calcaratus, became refrac-

tory to the infections and finally discharged the worms that 

they harbored initially. Gibson (1952) described an interest-

ing aspect of the resistance acquired through superimposed 

infections. He used three groups of twin lambs, one of each 

pair acting as control, the other being given a single immun-

izing dose of 10, 000 - 15, 000 and 20, 000 infective larvae of 

T. axei. Four months later, 40 daily doses of 4, 000 infective 

larvae were administered to all lambs. It appeared that the 

smallest dose of the initial infection increased resistance to 
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the superimposed infections, the intermediate dose had no 

effect, and the highest decreased resistance. 

Hurley (1959) demonstrated that rats infected with 

as few as 20 larvae of N. muris, showed evidence of acquired 

immunity against superimposed infection with 20 and 100 lar-

vae given 38 days after the initial one. This led Hurley to 

postulate that there is apparently no threshold dosage for 

such an immunity. Turner (1959) carried out cutaneous appli-

cations of 20, 000 larvae of Strongyloides papillosus on para-

site-free lambs, at two days intervals for 20 days. A strong 

resistance was demonstrated seven weeks later by challenging 

the same animals with 300, 000 larvae, which were lethal only 

for the susceptible control lambs. 

All these experiments are in agreement in demon-

strating that generally superimposed infections build up a 

strong acquired immunity in a host. Only a few observations 

are recorded in the past literature concerning the action of 

a superimposed infection on oogenesis. 

Stoll (1929) demonstrated on two lambs, which were 

exposed to continuous natural reinfection with Haemonchus 

contortus over a period of several months, that the animals 

reached a peak of infection in about 12 to 15 weeks, with an 

output of about eight million eggs per day, and then declined 

until they became entirely negative for eggs by the 20th 

week. McCoy (1931 b), submitting dogs to repeated infections 

with A. caninum, observed that the egg production per female 
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worm in the resistant dogs, was about one third of the control 

figures. Africa (1931) demonstrated that rats originally 

lightly infested with N. muris are subject to subsequent re-

infestations, but in this event, the egg count curve becomes 

drawn out on a low level for a prolonged period with little 

tendency to fall, even in the presence of re-infestation. Al-

though this author does not relate the egg production to the 

number of female worms, he states that "superimposed infesta-

tions do not seem to affect egg production". 

It is surprising to note that these authors, in 

studying the action of superimposed infection on resistance 

have completely overlooked other manifestations of immunity, 

such as inhibition of development, and lack of maturity of the 

adult worms. Chandler (1932) seems to have been the first 

one to consider the overall picture. In an experiment with 

rats, inoculated subcutaneously with larvae of N. muris, he 

noted the development of acquired resistance as indicated by 

the failure of the number of the worms to increase, as rein-

fection was repeated. In addition, he also observed an in-

hibition of egg production, a tendency to retardation in growth 

as shown by an increase of the prepatent period, reduced size 

of the worms at maturity, and, finally a tendency to complete 

inhibition of development from the fourth larval stage. Chand-

ler also found that the number of fourth stage larvae increased 

regularly after each inoculation, and concluded that the fail-

ure of development is really a permanent inhibition rather 
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than a temporary retardation since these fourth stage larvae 

were still stopped in their development, even four weeks after 

the last inoculation. Rappaport et al. (1951) studied the 

immunity to reinfection in mice following a single light in-

fection with Trichinella spiralis. He found the adult male 

and female worms significantly shorter in length in the rein-

fected animals. The uteri of the female worms appeared 

sparsely filled with eggs and embryos. These authors believe 

therefore, that the low larval yield in the musculature, in 

spite of high adult worm burden, resulted mainly from the 

stunted growth and decreased fecundity of the female worms 

in the intestine of the reinfected mice. 

Finally, the only article available dealing with con-

trolled experiments and specifically related to oogenesis 

was published recently by Liu and Ivey (1961). These authors 

demonstrated in mice that a superimposed infection of 100 

larvae of Nematospiroides dubius, carried out six weeks after 

an initial infection of 50 larvae, produced an increase in 

the egg production from 2, 000 eggs per ml. of centrifuged 

faeces, to 5, 000 eggs. This increase in the egg pattern, how-

ever, was not due to an increase in the egg production per 

female worm, since, after post-mortem examination and correla-

tion of the egg counts to the female worm burden, the egg pro-

duction per female worm was very similar between the control 

group and the group exposed to superimposed infection. Since 

the two authors discovered in the control and superinfected 
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groups, an average of 21 and 67 female worms respectively, 

they concluded that the rise in egg production was due to the 

number of female worms added to the host with the second in-

fection, and that superimposed infections apparently do not 

produce self-cure and do not depress the egg production per 

female worm. 

It is realized, therefore, that little study has 

been made on the specific action of superimposed infection on 

oogenesis. Furthermore, the few observations which have been 

mentioned, are not in agreement: Africa (1931), Liu et; al. 

(1961) indicate that egg production is not affected. McCoy 

(1931), Chandler (1932) and Rappaport (1951), on the other 

hand, assume that there is an inhibition of the egg production. 

III. MATERIALS AND METHODS. 

In this experiment, three groups of five female rab-

bits were used. Rabbits 1, 2, 3, 4 and 5 of group I were in-

fected with 1, 000 larvae of Graphidium strigosum. Five months 

later, they were exposed to a second dose of 2, 500 larvae. 

This time lapse was thought to be sufficient for a measure 

of self-cure to occur and at the same time of short enough 

duration for retention of immunity. Rabbits 6, 7, 8, 9 and 10 

of group II, never previously infected, were inoculated with 

a total of 2, 500 larvae in doses of 500 larvae during five con-

secutive days. The possibility, therefore, of immunity devel-

oping between the first and the last dose was considered neg-
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ligible. Rabbits 11, 12, 13, 14 and 15 of group III, never 

previously exposed, were infected with 2, 500 larvae in a sing-

le dose and constituted the control group. It should be noted 

that a fourth group of rabbits infected with 1, 000 larvae 

five months previously but not reinfected would have been use-

ful as a second control group. Unfortunately four out of ten 

rabbits infected for this purpose died during the five-month 

period, precluding their use as a control group in addition 

to group III. 

Egg counts were carried out on the faeces of groups 

II and III three days before the beginning of the patent 

period (15 days after infection) to ensure negative counts. 

In group I, however, since self-cure was not complete, the 

level of egg production was determined constantly from a point 

three days before infection and was carried out to the end 

of the six weeks experiment. 

IV. OBSERVATIONS AND RESULTS. 

The results of the egg counts carried out on suc-

cessive three-day faecal samples, are illustrated in Tables 

13, 19 and 20. From these data were computed, every three 

days, the arithmetic means of the egg production of the five 

rabbits in each group. These means were then plotted against 

time, as shown on Figures XIII and XIV. Since rabbit 1 of 

group I was the only host to present negative egg counts dur-

ing the prepatent period of the superimposed infection, it is 



TABLE 18 — Egg production in adult female rabbits following a superimposed infection with 2, 500 
larvae of Graphidium strigosum. 



TABLE 19 — Egg production in adult female rabbits following repeated infections of 500 
larvae of Graphidium strigosum on five consecutive days. 



TABLE 20 — Egg production in adult female rabbits infected with 2, 500 larvae of 
Graphidium strigosum. 





F I G U R E XIII 

Influence of "Superimposed Infection" on the Three-Day-

Variations of Egg Production of Graphidium strigosum. 

*) * Rabbit Group I exposed to a super-

imposed infection of 2, 500 larvae. 

o — o Rabbit I of Group I exposed to a 

superimposed infection of 2, 500 larvae. 

A A Rabbit Control Group III exposed to a 

single infection of 2, 500 larvae. 



DAYS AFTER INFECTION 

FIG. XIII 





F I G U R E XIV 

Influence of "Repeated Infections" on the Three-Day-

Variations of Egg Production of Graphidium strigosum. 

o o Rabbit I of Group I exposed to a 

superimposed infection of 2, 500 larvae. 

* * Rabbit Group II exposed to repeated 

infections of 500 larvae on five 

consecutive days. 

A A Rabbit Control Group III exposed to a 

single infection of 2, 500 larvae. 



DAYS AFTER INFECTION 

FIG. XIV 
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reasonable to assume that the egg counts recorded in this 

particular rabbit during the patent period represent the egg 

production of only the second infection. The egg pattern of 

this rabbit, which serves therefore, as a reference level, 

is illustrated on the same Figures XIII and XIV. 

The total egg production for the entire length of 

the experiment was also obtained for each rabbit, and the 

arithmetic mean was calculated for each group. 

In order to compare the results of groups I and III, 

the total egg production of group I was calculated only dur-

ing the patent period of group III. Comparison of the arith-

metic means (1, 634 and 32, 660) of total egg production of 

groups I and III, which are, respectively rabbits exposed to 

a superimposed infection and control rabbits, reveals a very 

large difference in the production of eggs. This difference 

is well illustrated on Figures XIII and XIV, where, despite 

the compression of the higher regions of the graph by the 

use of a logarithmic scale, a large difference in altitude 

between curves of groups I and III can be observed. Since 

the results of the egg counts given by rabbit 5 of group I 

are high compared to those of the other four rabbits of the 

group, this particular rabbit increases the value of the arith-

metic mean of the total egg production of the group. Had the 

results of this rabbit been more similar to those of the others 

in group I, the difference in altitude between curves I and 

III would have been even more accentuated. 
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It is interesting, on the other hand, to note on 

Figure XIII that the egg pattern of rabbit 1 rises to the 

same level as that of group I. This suggests that the last 

portion of the curve of group I represents only the egg pro-

duction of the superimposed infection, the initial infection 

having been eliminated by self-cure. This is well demonstra-

ted on Figure XIII where the curve of group I declines grad-

ually over a 24-day period, after the onset of patency of the 

second infection, from a level of 1, 000 eggs to approximately 

100 eggs. 

Comparing the curve of rabbit 1 of group I and the 

curve of control group III, not only a wide difference in 

the total egg production can be noticed on Figure XIII, but 

also a marked increase in the time required for the curve of 

rabbit 1 to reach its peak (21 days as opposed to six days 

for the curve of group III). This suggests that the acquired 

immunity produced in rabbit 1 by the initial infection has 

not only decreased the egg production but has also reduced 

the maturation rate of the worms. This is confirmed by the 

fact that many immature female worms were discovered in the 

rabbits of group I. 

On the other hand, comparison of the arithmetic 

means (2, 042, and 32, 600) of total egg productions of groups 

II and III, which are respectively rabbits exposed to repeat-

ed infections, and control rabbits, show an inhibition of egg 

production in group II. However, group II had no previous 
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infection, and it is likely that the rabbits of this group 

did not have sufficient time to build up a true immunity 

between the first and subsequent doses. 

Figure XIV, however, seems to indicate that in group 

II there is inhibition of egg production but no inhibition 

of maturation as recorded in rabbit 1, since the plateau of 

curve of group II is reached in two days. 

At the end of the six weeks of the experiment, post-

mortem examination of the rabbits permitted a total count of 

the adult female worm population in each host. The counts 

are illustrated in Tables 18, 19 and 20, and from them and 

the results of the egg counts, the total egg production per 

female worm has been computed. It should be noted here, that 

in group I large numbers of immature female worms were collec-

ted and were seen to have empty uteri. They were, therefore, 

not included in the computation of the egg production per fe-

male worm. 

These data are illustrated on Figure XV, in which 

the columns represent the total egg production per female worm 

for individual rabbits. On this same figure is provided a 

solid horizontal line for each group, which represents the 

geometric mean of the egg production per female worm. This 

illustration shows immediately that, despite some variation 

within the control group III, the oogenesis of a superimposed 

infection is strongly and uniformly inhibited by the immunity 

acquired during the initial infection. This difference would 





F I G U R E XV 

Influence of "Superimposed Infection" and "Repeated Infec-

tions" on the Total Egg Production per Female Worm of 

Graphidium strigosum. 
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have been more accentuated if the egg production per female 

worm had been computed including the number of immature fe-

males found in each rabbit of group I. A similar difference, 

although to a lesser degree, can be seen between group II and 

III. 

The mean of the numbers of the adult male worms ob-

tained by dilution technique are illustrated on Table 21, 

together with the mean of the numbers of fourth stage larvae 

and the mean of the female worm population. This table 

which relates susceptibility, infectivity and egg production 

per female worm of the three groups, reveals once more that 

the immunity responsible for the inhibition of development 

and egg production seems to be a different mechanism from 

the tissue resistance responsible for the variations in sus-

ceptibility and infectivity. 

Despite the large difference in egg production, 

groups I and III show similar percentages of infectivity and 

susceptibility. Such is not the case in group II, which pre-

sents a similar susceptibility but a lower percentage of in-

fectivity compared to groups I and III. This suggests that 

only the first doses of 500 larvae have become established 

and the final ones have been passed out. 

V. DISCUSSION. 

The inhibition of egg production which has been dem-

onstrated in this experiment on the rabbits submitted to a 



TABLE 21 — Relationship between egg production, susceptibility, and infectivity in female rabbits 
infected with 2, 500 larvae of Graphidium strigosum. 
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superimposed infection is a result which is in agreement with 

the works of Chandler (1932) and Rappaport (1951) since these 

two authors observed the same phenomenon. However, other in-

vestigators (Africa, 1931; Liu, 1961) have found that the egg 

production is not affected in similar conditions. According 

to Africa and Liu, a superimposed infection is simply added 

to the previous one. The total egg production, in this case, 

is proportional to the newly developed worms plus the older 

ones, and, therefore, despite the increase in the egg counts, 

the egg production per female worm remains similar to that of 

the initial infection. On the other hand, interpretation of 

the results of this experiment, with those of Chandler and 

Rappaport, lead to the assumption that the superimposed infec-

tion has replaced the initial one which has been eliminated by 

self-cure. 

These two variations in the course of superimposed 

infection find a satisfactory explanation in the work of Michel 

(1952). This author demonstrated that the course of a super-

imposed infection depends essentially upon the size of the 

second infection and the immune state of the host. Working on 

rabbits infected with Trichcstrongylus retortaeformis, he ob-

served that when a new infection is superimposed on an existing 

one in an animal of low resistance which is not capable of 

evoking the self-cure mechanism, the effect is additive, and 

if the dose of larvae is sufficiently large, death results. 

In rabbits of normal resistance and capable of self-cure, the 
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duration of the superimposed infection bears an inverse re-

lationship to its size. If the number of worms of the second 

infection is very small, the effect is additive: the faecal 

egg count rises, and there is no self-cure. When a moderate-

sized dose is given, the egg count rises after a fortnight, 

which is the normal prepatent period for this worm, self-cure 

follows immediately, and the egg count decreases to zero in 

three weeks from the time of reinfection. Finally when a mas-

sive dose is given self-cure is complete within a week. Des-

pite the fact that this study of Michel deals mainly with re-

sistance and the self-cure phenomenon, it is possible to as-

sume that when he refers to the case of an animal of low re-

sistance not capable of self-cure, the effect is also additive 

regarding the egg production. That is to say, due to low re-

sistance, the animal has not built up an acquired immunity, 

and consequently the worms of the second infection are not 

inhibited in their development and egg production.When he 

mentions that in animals of normal resistance, capable of self-

cure, the duration of the superimposed infection depends on 

the size of the second infection, it is likely that the degree 

of inhibition of worm development and egg production is also 

related to the size of the larval dose. On this assumption, 

a mechanism similar to that of overcrowding phenomenon occurs. 

As the larval dose of the second infection increases, there 

are more metabolic products and exsheathing fluids. These an-

tigens elicit increasing amounts of functional antibodies 
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which according to Soulsby's theory are responsible for the 

stunting of the worms and the inhibition of egg production. 

The only difference between superimposed infection and over-

crowding phenomenon lies in the fact that a massive dose of 

larvae is not required in superimposed infection to determine 

an obvious inhibition of development and egg production, 

since due to the previously acquired immunity only a small 

amount of larval antigens is necessary to produce an anam-

nestic reaction from the immune response of the host. 

Despite the fact that the results of the complement 

fixation test, carried out on the sera of the three groups 

of this experiment did not show differences in titres, pos-

sibly caused by masking cross-reactions, some observations 

suggest strongly that the manifestations of a superimposed 

infection are related to an acquired immunity. For example, 

large numbers of immature female worms were discovered in every 

rabbit of the superinfected group (see Plate IV) while none 

were found in the controls. Consideration of Figure XIII 

shows that there is a marked increase in the time required for 
r 

the curve of rabbit 1 (superimposed infection) to reach its 

maximum peak (21 days as opposed to six days for the control 

group III) which suggests reduced maturation rate of the 

worms in the superinfected group. 

It is interesting to note here the relationship 

which exists between the foregoing mechanism and the one res-

ponsible for self-cure. Stewart (1953 b) for example showed 





P L A T E * IV 

SUPERIMPOSED INFECTION 

Two female Graphidium strigosum recovered 42 days after in-

fection from rabbits exposed to a first infection of 

1, 000 larvae and to a superimposed infection of 2, 500 

larvae five months later. Note the inhibition of dev-

elopment and the complete absence of eggs. 

* - All the plates have been prepared with the same mag-

nification. 



P L A T E IV 





P L A T E * V 

SUPERIMPOSED INFECTION (anterior and posterior 
uterine pouches. ) 

Female Graphidium strigosum recovered 42 days after infection 

from control rabbit exposed to a single infection of 2, 500 

larvae. Note the normal development and the uteri filled 

with eggs. 

* - All the plates have been prepared with the same mag-

nification. 
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that the self-cure mechanism is associated with an hyper-

sensitive type of immunological response and demonstrated 

that histamine is released into the blood two to four days 

after the administration of larvae. Furthermore, from the 

agar-diffusion precipitation reactions (Soulsby and Stewart, 

1960) it appeared that the self-cure reaction is initiated 

by substances antigenically related to exsheathing fluids 

released during the third ecdysis of the larvae. Moreover 

the lack of specificity in the case of cross reaction men-

tioned previously, regarding the special immune response 

acting on oogenesis is again encountered with this self-cure 

mechanism. For example, Soulsby and Stewart (1960) observed 

that the intake of Haemonchus contortus larvae produced self-

cure of other gastro-intestinal parasites, such as Tricho-

strongylus axei, Ostertagia circumcincta, and T. colubriformis. 

With all these interpretations in mind, it is easy 

to understand why, in the experiment carried out by Liu (1961) 

there is cumulative egg production and no self-cure, due to 

the fact that they superimposed an infection of only 100 lar-

vae of Nematospiroides dubius, which apparently produced too 

small an amount of antigen to cause elimination of the exist-

ing worm population or a lowering of egg production of the 

second infection. 

In this experiment, inhibition of egg production 

and self-cure occurred, because of the large dose, of 2, 500 

larvae. 
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It should be noted here that the susceptibility and 

infectivity in the group with superimposed infection are sim-

ilar to that of the control, while McCoy (1931), Africa (1931) 

and Sarles (1933) have all demonstrated that the infectivity 

decreases as the infections are repeated. Since the rabbits 

of this group were exposed to only two infections with an in-

terval of five months, it is likely that the infections were 

too infrequent and the interval too long to effect a sensible 

change in the infectivity. The fact that there is in the 

superinfected group similar susceptibility and infectivity as 

compared to the control group, while there is a marked dif-

ference in egg production, would again suggest that the local 

resistance responsible for the susceptibility and infectivity 

is separated from the immune mechanism which cause inhibition 

of egg production. 

These mechanisms, however, do not satisfactorily 

explain the marked inhibition of egg production recorded in 

the rabbit group exposed to daily infections of 500 larvae 

for five consecutive days. Since these rabbits were never 

exposed previously, there was no acquired immunity before the 

first infection and it can hardly be assumed that an acquired 

immunity developed between the first dose and the last one, 

five days later. Consideration of the Table 21 has revealed 

a low percentage of infectivity in this particular group, 

but the same percentage of susceptibility as compared to the 

controls. This would suggest that only the first doses of 500 
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larvae have become established and that the last ones have 

not penetrated the stomach wall. Since Kerr (1936) presented 

evidence that Ancylostoma caninum larvae cause a tissue in-

flammatory response of the host that reaches a peak 48 hours 

after infection, it is possible that such a phenomenon occur-

red during the five days of infection and prevented the in-

vasion of the infective larvae. It is also possible to assume 

that the larvae of the final doses penetrated the stomach wall, 

but were destroyed by the tissue inflammation before they 

reached the fourth stage. Such a phenomenon has been described 

by Michel (1958) as a "mechanism of protection". He found 

that when rabbits received regularly spaced frequent doses 

(three times a week) of infective larvae of T. retortaeformis 

the number of inhibited third stage larvae increased for some 

weeks and then abruptly began to decrease as the larvae ad-

ministered no longer succeeded in becoming established. 

It is rather difficult, however, to explain that this 

local tissue inflammation of the stomach wall is responsible 

for the low egg production recorded in this group. 

The only possible mechanism which could occur in 

such a case might be the repeated exposure of the host to daily 

amounts of larval antigens which would produce a stronger im-

mune reaction responsible for the inhibition of the egg pro-

duction. 

Further investigation of this particular phenomenon 

would be interesting, since it may explain why domestic animals 
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in the field, exposed to daily doses of larvae, have low worm 

burdens relative to the heavy larval population of the envir-

onment. 

VI. SUMMARY. 

In order to study the influence of a superimposed in-

fection on oogenesis, three groups of rabbits have been infected 

with larvae of Graphidium strigosum. The first group was ex-

posed to a first dose of 1, 000 larvae and to a second dose of 

2, 500 larvae, with an interval of five months between doses. 

The second group was infected with a total of 2, 500 larvae div-

ided into doses of 500 and administered during five consecutive 

days. The third group was given 2, 500 larvae and was used as 

a control. 

A strong inhibition of egg production per female worm was 

found in the superinfected group, but no decrease in suscepti-

bility was recorded. 

A similar inhibition of egg production, although to a 

lesser degree, was observed in the group submitted to the five 

fractioned doses. 

A marked inhibition of development was recorded in the 

superinfected group as indicated by the presence of immature 

worms. 

A decrease in the infectivity rate was found in the 

group exposed to the fractioned infection, suggesting that the 

final doses had been passed out, or destroyed after penetration 

of the stomach wall. 
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- PART VI -

G E N E R A L C O N C L U S I O N 

In the overcrowding phenomenon, an inverse rela-

tionship was found between: - the egg production per fe-

male worm and the larval dose; 

- the egg production per fe-

male worm and the number of female worms; 

- the egg production per fe-

male worm and the antibody titres; 

- the larval dose and the size 

of the female worms; 

- the larval dose and the per-

centage of recovery of the female worms. 

Presence of immature adult worms, inhibition of 

development and increase of prepatent period were observed 

to be related to the massive doses of larvae. 

Three manifestations of the overcrowding phenomenon 

(increase of the prepatent period, stunting of the adult 

worms and inhibition of egg production) were suppressed by 

injection of cortisone. 

All these findings indicate that the overcrowding 

phenomenon, including the inhibition of oogenesis, is related 
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mainly to the immune response of the host. 

A difference in the age of the host was found to 

have no action on oogenesis, in both sexes, provided that no 

acquired immunity has developed. 

A greater egg production per female worm was re-

corded in female hosts than in males, possibly due to some 

physiological difference between the sexes. Adult females 

were found to have a decreased susceptibility and infectiv-

ity, which might be related to the action of estrogens on 

the phagocytic activity of the reticulo-endothelial cells, 

and on the laying down of connective tissues. 

Superimposed infection was demonstrated to cause a 

strong inhibition of egg production per female worm, but it 

did not decrease the susceptibility of the host. 

Repeated infections of small larval doses for five 

consecutive days were also found to produce an inhibition of 

egg production per female worm, and to decrease the infectiv-

ity rate which is possibly related to a local tissue inflam-

mation. 
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