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INTRODUCTION 

It ha~ long been recognised that there is a 

close relationship between parasitism and nutrition 

although its true nature has not always been clear. 

Sorne of the relationshipa have been discus~ed 

in the reviews published by Lapage, (1937), von Brand, 

(1952), Hunter, (1953) and Smith, (1955). 

In the association a~ seen and described by 

fi~ld workera, there ia likely to be sorne confnaion of 

cause and effect because, in the human field, areas 

where parasitism is most serious - in the backward 

tropical and sub-tropical countries wheT'e overcrowding, 

lack of sanitation, poverty and illiteracy are the rule, 

both under-nutrition anà malnutrition are almost uni-

"Tersal. 

Unaer such circumstances, parasitic infections 

are frequently multiple, infection rates are high and 

at the aame time, individuals may suffer the effecta 

of one or more dietary neficiencies. 

The rea~on for much of the diffinulty ia ohvious when 

1t is realised that many of the main eymptoms of paraeitic 

infection !uch ae retarded growth, losa of vigour, loss of 

appetite, anaemia and dropsy, are also seen in malnutrition 

when the intake of certain dietary factors is sub-optimal 

or in undernutrition when the diet is low in energy. 

In the field of animal huBbandry also confusion i~ 

comœon because parasiti~m and malnutrition are likely to 
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occur together on properties where management practices 

are faulty. 

In recent years many attempta have been made to 

determine what el!sential diete.ry factors affect the re-

3iatance of ho~ts to particular parasite~. It hal! been 

ahown quite clearly that inadequate diets, especially 

those lacking vitamins, mineral~ and high quality protein, 

tend to render the host more 5uscept1ble to para31t1srr.. 

In the undernouriahed host, the parasites may el!tabli~h 

themaelve3 with greater certainty, grow more rapidly to 

maturity, reach a greater eize, live for a longer time 

and produce more progeny. They tend to produce more 

severo symptoml! in the host and after their removal re

covery i~ delayed. 

Several different aspects of the a~sociation come 

into play independently or in combination. Parasites 

requir~ certain food materials from the gut contents of 

the host for the ir own nutrition but e.re qui te independ

ant of host dietary sources for ether material3. The 

diet of the host may have a direct affect on the nutrition 

of the parasite in respect of seme of its requirements at 

least. In addition, the nutriticnal state of the host may 

have other affects on the parasite which reflect itl! re

sistance to invasion v1hich stem!! from the vigoroue 

health enjoyed by a well nourished body o~ by other in

direct effecta the nature of which are at present not 
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thoroughly understood. 

In addition, diet may have effects due solely to 

physico-chemical conditions in the gut which create an 

environment which is unsatisfactory for the parasite 

and which may result in its failure to establish or its 

elimination from the host. This effect may be seen 

quite apart from the presence in the food of recognised 

anthelmintic substances whether administered mixed with 

the diet or occurring naturally in the foodstuffs. 

~here an immune reaction plays a part in the host

parasite relationship, the role of the diet may be an in

direct one through its effect on the efficiency of anti

body production which is known to be modified by the 

quality of the diet particularly in regard to protein 

and certain vitamins. 

Several reports have been published indicating 

that heavy parasitism resulta in less efficient food 

utilization and several hypotheses have been advanced 

to explain it. It has been suggested that the diarrhoea 

that is such a common symptom in many pa~asitic infections, 

resulta in reduced absorption of nutrients from the food 

ingested, simply because of the rapid r ate at whj_ch it 

passes througb. the regions of the alimentary tract where 

absorption takes place. It bas been suggested also that 

stimulation and irritation of the mucosae by the parasites 

resulta in greater gut activity and consequently greater 

energy consumption leading to lowered efficiency of food 



- 4 .. 

utilization. Another suggestion hae been that as the 

parasites must protect themeelvee from digestion by the 

hoet 1 e enzymes, they themselvee- secrete antienzymes-, 

which may be produced in eufficient quantity to have ~ 

depressing affect on digestibility especially of protein. 

Some evidence hae been produced indicating that 

mineral balance is disturbed in heavy parasitic infections, 

although much of it is conflicting. 

The effect of parasitism on appetite is probably 

one of the most important factors causing the liveweight 

changes seen in severe helminthiasis. 

Many papere have been published attempting to out

lina the role of deficiencies of varioue essential 

nutriente in increasing the hoet's susceptibility to 

parasitic infection and disease resulting therefrom. 

The following section attempts to review the more i~ 

portant papers published on these aspects of the subject. 

HISTORICAL REVIEW 

Total Nutriente 

Chandler (1932) in etudiee with Nippostrongylue 

muris concluded that diet had little or no affect on 

the acquisition or retention of infection as long as 

the rats were not harmed by it. No differences were 

seen in rats on balanced diets, or thoee rich in carbo• 

hydrate or protein. On a diet of coarse fruit and 

vegetables on which the rats lost weight, the infections 

were heavier and lasted for a longer time. 



5-

Shorb (1933) studied the host-parasite re1ation

~hip of Hymeno1epis fraterna in rat~ and mice. He 

found that a diet of white bread and water reduced the 

resistance of rats to the mouse strain and it a1so re

duced age resistance. In mice, the worms did not reach 

maturity on this diet even when it was started one day 

after the infection was given. 

Foster and Oort (1931, 1932, 1935) carried out 

trials with doge that were repeated1y infected with the 

hookworm Ancy1ostoma caninum while on a normal diet. 

They were then transferred to a generally deficient 

vegetarian diet which rendered them more susceptible to 

the parasite. Fatal cases showed a terminal breakdown 

of resistance with a sharp rise in daily egg production 

over the last two weeks. The resistance of young dogs 

was broken down more rapidly than waa the case with 

older animale. The diet which caused a marked body 

weight loss in all animale resulted in a lower resist

ance to invasion and establishment of the worms, an in

creased rate of development and increased egg production 

per female. In addition the deficient host ahowed a de

creased ability to compensate for the injurious effecta 

of the worm infestation. When the deficient dogs were 

transferred to the high plane diet, the egg counts 

dropped, the worms were eliminated and the doge were 

then resistant to reinfection. 

They showed that a deficient diet also increased 
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the sueceptibility of both dogs and cats to non

specifie etrains of hookworme but even on a deficient 

diet they could not infect doga with the human hookwor.m, 

Necator americanus. 

Ross and Gordon (1933) showed that dietary defic

ienciea eimilar to those that may occur frequently in 

the field in Auetralia under unfavorable eeasonal con

ditions, in which protein and minerale were low, resulted 

in the breakdown of the resistance of sheep of all ages 

to Haemonchua. They suggested that auch a result might 

only occur when the deficiency wae severe enough to be 

reflected in marked losa of weight. 

Taylor (1934) carried out experiments with three~ 

paire of lambs fed on different planes of nutrition. One 

group was fed hay and concentrate, one hay alone and one 

· straw alone. All lambs were given 40 doses of 500 mixed 

larvae and were killed 10 weeks later. The group fed 

straw. harboured 3.:à- times as many worms and passed 5 times 

as many eggs as the high plane group, and the hay group 

was intermediate in position. In a second trial, a hay 

group and a hay and concentrate group were fed over a 

aeven month period. Even in the absence of reinfection, 

the low plane group showed a fivefold increase in egg 

count while that of the high plane group fell to one 

nintb of its original figure. 

Kauzal (1934) studied the effect of a nutritional 

deficiency on the resistance of lambs to infection with 
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Dictyocaulue filaria. He fed two 7 month old lamba, 

previously infected and eubsequently shown to be re

~istant, on a diet made up of equal parts of wheaten 

etraw and oaten chaff, for a period of 3 montha. Thi8 

diet was low in both protein and phosphorus and the 

animale lost weight over the experimental period. When 

they were exposed to an artificial infection, there was 

little or no affect on the resistance as the resultant 

infection wae light and ehort-lived. A repeated attempt 

to infect the aame animals after a further 2, months on 

the deficient diet showed that they were still highly 

resie tant. 

Frazer, Thomson, Robertson and George (1938} kept 

two groupe of 20 sheep on high and low planes of nutrition. 

They infected each group with equal numbers of larvae and 

examined the abomasa- at slaughter. The results ehowed 

marked differences in the establishment of the worms in 

the two groups, the high plane group harbouring an 

average of 2_ Haemonchu&_ and 11 Ostertagia, and the loWJ 

plane group an average of 81 Haemonchue and 229 Ostertagi~. 

Luoker and Neum•yer (1947) carried out teste- with 

8 lambs, four of which were infested with the hookTrorm 

Bunostomum prigonocephelum. From the age of two months, 

half of each group wae kept on a high plane ration of 

alfalfa hay and concentrates, while the other grou~ was 

fed timothy hay, a ration deficient in protein, calcium, 

iron, vitamins and energy. The two low plane infeeted 



-8-

animal~ died of anaemia whereaa on the high plane the 

infested animale recovered after becoming moderately 

anaemic.. The low plane control animals did not become 

anaemic. The infections depree&ed appetite, but only 

after the anaemia and unthriftinesŒ bad became marked .. 

The poor diet affected both the resistance and the 

ability to compensate for blood loss:. 

Gordon (1948) bas reported on the effect of two 

different diets on the development and maintenance of 

resistance to Haemonchua· contortus infection in sheep. 

Nine 18 months old shee~ were placed on a high plane 

ration of lucerne chaff 60, oate 20, and linseed meal 

20. The daily intake per head was 1.82. lb of feed con .. 

taining 0.93 lb starch equivalent and 0.31 lb digestible 

protein. Ten similar anima1s were placed on a low- plane 

ration of wheaten chaff 50, oats 30, maize 10, and bran 5 .. 

The daily intake on this ration amounted to 1.56 lb of 

feed containing 0.74 lb starch equivalent and 0.16 lb 

digestible protein per head. After a period of tbre~ 

months each sheep was dosed with 10,000 infective larvae 

of Haemonchus. On the high plane diet the infections 

were all light or negligib1e, and were thrown off an 

average of 19 daye after the eggs appeared in the faeoe~, 

while on the low plane diet, four infections were light, 

six were moderate to very heavy. Three animale died of 

acute Haemonchosis, and, in the survivors, the infection 

was not thrown off until an average of 57 days after the 



- 9-

egga appeared in the raeces. 

Observations on infections with Tricho~trongylu~ 

spp. and Oesophagostomum columbianum in sheep on the 

same diete showed that in the case of the former the 

infection was lost more rapidly on the high plane diet 

while in the case of the latter parasite the resulte 

were lesa striking but the egg counts increased more 

on the low plane diet. (Gordon 1949). 

Whitlock (1949) discusaed the relationship of 

nutrition to the development of the Trichostrongylidosea 

in sheep. He drew· a distinction between prim.ary and 

secondary disease. The primary disease was one caused 

by a parasite infesting a host maintained on a diet 

capable of supporting maximal growth. He considered 

that Haemonchosis alone fell into this category. All 

ether infections were considered to be secondary since 

they only produced a~ptoms of disease in the presence 

of dietary or ether stresses. 

Laurence et al (1951) in South Afr!ca carried out 

an experiment to study the relation or nutrition to para:

sitism in merino sheep. Two groups of twenty lamba, 7-8 

montha old, were fed a high plane ration of veld hay, 

lucerne hay and 200 g maize, and a low plane ration of 

veld hay, lucerne hay and 50 g maize. Ralf of ·each 

group was infested with 8,000 larvae of Haemonchus 

contortus and 1,600 larvae of Oesophagostomum col umbianum. 
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All the infeated animala died from acute verminosis. 

A aimilar infestation in 10 - 11 months old animals 

caused only chronic verminosiŒ. Later the maize 

portion of both rations was doubled. The high plane 

groups and the uninfected groupe were superior in 

liveweigh~, appetite for hay, and fleece weight. In 

the case of the haemoglobin the trend was the same 

except that the high plane infected group had a lower 

figure than the low· plane uninfected grou~, a situation 

that might be expected from the vigorous blood suc king 

activities of the adult Haemonchua. The ab ove differ-

ences were fairly obvious ones in spite of the fact 

that there were only four animals in each of the sub

groups. 

White and Cuahnie (195Z) carried out a field 

trial on the affect of a dietary supplement on the 

paraaite infection of hill sheep. Two groups of ewes 

were used and they were grazed on a hill pasture during 

the day, returned to a small field during the night 

where one group was fed a supplement of one part of 

oats and two parts of linseed cake, allowing 1 lb of 

the mixture per aheep per day. Parasite burdens were 

followed by means of weekly egg counta over a two year 

period. Observations were also made on their lambs 

until they were 18 months old. The resulta showed 

that the supplement gave an increase in fleece weight 
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but no significant differences in body weight nor 

in the faecal egg counts of the ewes. The la.mbs- of 

this flock on the other hand showed reduced faecal 

worm egg counts, smaller seasonal rises in egg pro

duction, and greater body weights and fleece weights. 

Throughout the trial the faecal egg counts were low., 

the geometrie mean never rising above 700 e.p.g. and 

at no time were there any clinical signa of helminth

iasia. Total worm counts were done on the lambs after 

slaughter and on a small sample of the ewes but differ

ence~ between the groups did not reach significant 

levels owing to the wide variation within the groups. 

It has been noted by the authors that the oost 

of the supplement was about twice the value of the 

increased wool and rnutton produced, but economies in 

the amount of supplement used, either by feeding it 

only over the winter months, or by using it more for 

the growing rather than the adult sheep might alter 

the picture. It is difficult to see how a s1gnif1cant 

difference could arise in the fleece weights without a . 

difference appearing in the body weight of the ewes'. 

The true picture might have been revealed if the clean 

acoured as well as the greasy fleece weight had been 

determined, since the difference might be seon in the 

yield due to greater ~uantities of wool grease in the 

supplemented animais. A further complicating factor in 
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·this type of trial is that the supplem.ented animais 

probably graze lesa than those not supplemented, aa 

the former could satisfy their appetite with a smaller 

grazing effort. This situation at once introduces a 

difference in exposure to infection, even though the 

same area is grazed by each group during the day. 

Mayhew (1945) made six attempts to break down 

an established immunity to Haemonchus contortua in 

calves by placing the host animais on a very deficient 

diet of cotton seed bulla. The criterion he used was:

a rise in egg count after reinoculation. A slight 

ri3e occurred only in three out of the six animais in 

spite of the fact that most of the calvea became very 

weak and in some cases a supplement was necessary to 

prevent death from starvation. 

Starvation 

P.P .. Levine (1938) confirmed Wetzel's. (1932:) ob

servation that in the case of Davainea proglottina,., there 

was a daily rhythm of segment discharge in the faecea 

and he showed that this was related to the feeding habita 

of the chickens. It occurred between 5-9 p~. in the 

summer, but between 2-4 p.m. in the winter months, and 

it could be .a1tered at will by changing the feeding 

times of the birds. Under optimal conditions worms pro

duced one segment every 24 hours but by feeding a ration 

of low nutritive value, segment production was reduced or 
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auspended altogether. Starvation for a period of 24 

hours resulted in reduced segment production over the 

next week but later, normal output wae reaumed. 

Rager (1941) found that in the case of H. diminuta. 

in rat~, a reduction of food intake to one third of app

etits did not result in any reduction in the number of 

eggs produced. 

The effect of starvation on the poultry cestode 

RB;.illietina cestici11us bas been studied by Reid and 

Ackert (1941) and Reid (1942). They found that short 

periods of .starvation of 24-48 hours caused deetrobil

iz-ation of the cestode but that the scolex w.as unaffect

ed even by starvatton periode as long as 20 days. 

Sudden changea in diet could a1so cause it. The glycogen 

content of the worms was reduced to about 10 % of the 

nor.mal figure by starvatton for 20 hours and they thought 

that destrobilization fol1owed from loss of activity on 

the part of the parasite. 

Later, Reid (1945) studied the affect or etarvation 

on the roundworm, Ascaridia galli. After starving for 24 

hours some of the wo~s were expelled, and after 96 hours, 

70 % of the birds were free of parasites. Between 75 and 

90 % of the glycogen stored in the parasites was uaed in 

a period of 48 hours. 

Larsh (1947) showed that mice that were debilit-

ated by the administration of alcohol were more susceptible 
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to infection with Hymenolepis fraterna. Non-alcoholic 

mice whose food intake was reduced to the same level as 

that of the alcoholic mice, were equally susceptible. 

It waa concluded that the effect of the alcohol waa 

through a secondary avitaminosis brought about by the 

lowered food intake. La.rsh and Fletcher (1948) found 

that alcohol could break down the immunity of mice to 

T. spiralia under certain circumstancea. The re we.l! no 

effect on mu~cle invasion nor was there any effect on 

the immunity that followed a single infection or more 

than 5 infections. An effect was seen however when 2 - 5 

infections were given. This might be due to the fact 

that the additional doses might give a more sol:t.d 

immunity that could not be broken down. Larsh and 

.Kent (1949) found that alcohol bad no effect on the 

natural imrrru.nity of mice to T. spiralis even in caae8 

showing extreme debilitation. Similar resulta were 

obtained with a single stimulating dose, but by using 

repeated stimulating doses alcohol bad a marked effect 

on immunity. Alcoholic mice showed greater numbers of 

both adults and larvae than the controls, and the bur

dens were even higher if the a.lcohol was given before 

as well as after the st:tmulating infections. 

Larsh (1950) found that thiou.racil in young mice 

failed to affect their resistance to H. frat~rna but 

thyroid extract so reduced the re~istance of old mice 
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that they harboured more worms than young mice that 

were dosed to test the viability of the egg~ used in 

the experiment. It is possible that this may occur 

through a vitamin depletion at the higher metabolic 

rate. 

Read ~1951} has examined the effect of crowding 

in cestode infections in rats and has calculated the 
2/3 

relative surface area per worm, (weight /weight) and 

plotted it against the number of worms present. In in-

fections of over 8 worms the index was proportional to 

the logarithm of the number of worms present. He con

sidered that a similar situation appeared to hold for 

the data published by Reid for R. cesticillus, Chandler 

for H. diminuta, and Shorb for H. nana. Stunting could 

be explained by a need for oxygen which may be obtained 

through close contact with the mucosa and this contact 

would be limited in heavy infestations. 

Vitamin A 

Among the factor~ affecting resistance to infect

ion Vitamin A has received most attention and appears to 

be the nutr1ent that has given positive resulta most fre-

quently and in the widest variety of host-parasite systems. 

This fact might have been expected because of the role of 

vitamin A in the maintenance of healthy epithelial tissues 

and of its proven function in resistance to bacterial in

fections, particularly those of the reapiratory system. 
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Hiraiehi (1927) found that he was able to infect 

only one out of thirty pige with Ascaris lumbricoides, 

but when placed on a diet deficient in vitamin A, he 

wae able to infect 89 % and 100 % in two different 

series. The infections occurred before any signa of 

avitaminoeis were apparent. In depleted pige the clin-

ical signa of infection appeared earlier, were more 

severe, and lasted for a longer time. 

In 1928 Hiraishi reported on a series of experi• 

ments carried out by Koino and added the resulta of some 

observations of his own. In Koino's experimenta 57 pige 

were used and were infected with human and pig Ascaris 

while the pige were fed diets adequate or deficient in 

vitamin A. The resulta are given in the following table. 

Normal di et 10 pige Human strain Negative 

Normal di et 20 pige Pig a train 19 Negative, 

Vitamin A de-
ficient 9 p~gs Pig a train 1 Negative, 8 

positive 

Vitamin A de-
ficient 6 p:tge Human strain 6 Positive 

Vitamin A de-) 
ficient ) 6 pigs Pig atrain 6 Negative 

Cod liver oil) 

Vitamin A de-

1( ?) 

ficient 6 pige Nil 5 Negative, 1 
positive 
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In Hiraishi's own experiment 9 pigs were used. 

On a diet with adequate vitamin A the worms did not 

develop beyond the liver and the lunga but on a diet 

low in vitamin A the pigs could be infected before any 

signa of avitaminosis were 9Vident. On th9 de.ficient 

diet the affect of the worm infection appeared earlier 

and we.s more prolonged .. 

De Boer (1935) on the other hand, found that by 

repeated infection. he was able to infect pigs with both 

the human and the porcine strain of Ascaris lumbricoides, 

suggesting that the two strains are physiologically 

identical. He found that· a diet low in vitamin A did 

not facilitate infection. 

Ackert, Mcilwaine and Crawford (1931) showed that 

a diet lacking vitamin A lowered the resistance of 

chickens to infection with the nematode Aacaridia galli. 

The criteria that they used were the numbera of worms 

developing from an artificial infection and the length 

attained by them in the three weeks between infection 

and slaughter of the experimental birds. They considered 

that the effect might be due, in part, to reduced peri

stalsie and the greater bacterial populations in the 

bowel which would provide a greater food aupply for the 

developing worms. In these trials three diets were used, 

a natural diet that was adequate in vitamin A, and a 

aemi-aynthetic diet, with and without added v i tamin. 
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The . deficiency of the latter waa such that symptoms of 

deficiency were produced in five weeks. The natural 

diet gave rise to a resistance that was greater than 

that seen with the semi-synthetic diet with added vit

amin A. 

Spindler (1933) found tha t vitamin A deficiency 

reduced the resistance of rats to Nippostrongylus muris. 

This finding has also been con firmed by Watt et al (1943) 

and by Riley (1943). 

Clapham (1933) found that the amount of vitamin A 

in the diet of rats affected the fate of the larvae of 

Parascaris equorum. In deficient rats more larvae 

mi grated in the lunga and their development was more 

rapid than on the normal diet. The same author was un

able to show any effect of avitanünosis A in infections 

wi th Heterakis gallinae in chickens. She recorded diff

erences in the number of worms present but they failed 

to reach significant levels. 

Nagoya (1931) found that a O. i e t low in vitamin A 

increased the ausceptibilit y of dogs t o t h e hookworm 

Ankylostoma caninum. 

Wrigpt (1935) observed that vitamin A de f iciency 

increased the sus ceptibil ity of dogs artificia lly in

fected with Toxocara canis and Toxascaris leonina. 

Eleven def icient dogs harboured 2,674 wo rms (ave rage 243), 
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while nine control doge on a normal diet harboured 

only 448 worms (average 50). 

McCoy (1934) studied the affect of a vitamin A. 

deficient diet on the resistance of rats to Trichinella 

spiralis. He placed the rats on the deficient diet at 

25-2? days of age, and they showed a markedly lowered 

resistance as early as 2-3. weeks~ There waa a greater 

persistance of the adult worms in the intestine and 

greater numbers of larvae in the muscles. The deficient 

rata failed to develop immunity to a second infection 

whereas the control rats were completely immune. Rats 

that were placed on the deficient diet when they were 

half grown usually ahowed only a alight breakdown of 

resistance after 1-3 months even though the liver re

serves of vitamin had been completely exhausted. 

Larsh and Gilchrist (1950) found that a diet de

ficient in vitamin A did not affect either the natural 

or the acquired resistance of mice to T. apiralis. This 

finding is in sharp contrast to McCoy's resulta with 

rats, and the authors conclude that if mice need 

vitamin A for resistance to T. spiralis they do so at 

a much lower level than do rats. 

Lawler (1941) studied the relationship of vitamin A 

deficisncy to the immunityto Strongyloides ratti in white 

rats. He found that deficient rats were lesa resistant 

to primary infection but the effect failed to show up if 
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the reserves were only partially depleted. The rate 

of losa of w~s was not significantly lower in de

ficient rats. The deficiency resulted in a weakening 

of the immune responae as shown by the number of worms 

established and the presence of embryos in the worms. 

His resulta are difficult to appraise as there were 

only five rats in each group and no statistical treat

ment of the data was attempted. 

Shaw (1937) fed six wethers for 18 months on 

· wheat straw, oats and beet pulp, a dtet deficient in 

vitamin A. The treatment did not increase the suscept

ibility of the animals to experimental infection with 

the lungworm, Dictyocaulus filaria, although all animals: 

showed symptoms of avitaminosis A, auch as muscular in

coordination, night blindness and urinary calculi. 

Chandler (1942) in his studies on tapeworm nutrition 

concluded that Hymenolepis diminuta was independant of 

supplies of vitamin A in the diet of the host as the 

growth of the worm was normal in rats on a diet free of 

vitamin A. 

Little work has been publlshed on the effect of 

dietary deficiencies on trematode infections but 

Krackower, Hoffman and Axtmeyer (1940) working in Puerto 

Rico with artificial infections of Schistosoma mansoni 

in rats showed that,on a normal diet, the destruction 

of the parasites in the liver reached a maximum after 
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5-'7 weeks, and that a few flukes still remained at the 

end of the experimental period of 32-115 days. On a : 

vitamin A deficient diet the destruction of parasites 

was maximal up to 6 weeks, more dead worms were found 

after that time but still lesa than in the rats on the 

adequate diet. Vitamin A deficiency permitted the pro

liferation of fibroblaste and histiocytes but the 

resolution of a lesion made up largely of these elements 

was retarded, al though the dead para~:!.tes wer-e quickly 

digested. The regeneration of more specialised cells 

auch as liver parenchyma was retarded on the deficient 

diet. 

Vitamin A deficiency ie of particular interest in 

relation to the lesions produced in the sq~amous stomach 

of rata;, especially when infested with Gongylonema_ neo

plnsticum. The work of Fibiger (1913) on the experi

mental production of carcinoma of the stomach of rats 

by infection with G. neoplasticum is well known. A long 

controversy has raged over the years, as few, if any, 

other workers have been able to confir.m F1b1ger's find

ings. The position has been discussed recently by 

Hitchcock and Bell (1952) who have concluded,from the 

resulta of experimental work and a re-exam1nat1on of 

some of Fibiger's original elides, that the lesions 

described by him were not neoplastic but were hyper

plasia and hyperkeratosis of the squamous epithelium 
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of the forestomach. It occurred in both infested and 

non-infested rats on a vitamin A deficient diet. In 

the infested animals on the low vitamin A diet there 

was a marked epithelial disorganisation with extensive 

epithelial downgrowths, whereas in non-infested rats on 

the low vitamin A diet there was ulceration and an 

oedema and inflammation of the submucosa. Infested rats 

on the complete diet showed only minimal changea. 

Fibiger 1s 11 lung metastases" were proba.bly metaplaatic 

areas of respiratory tract epithelium, and hia 11lymph. 

node metastasis" an epithelial inclusion or arrest •. 

The authors conclude that all critical experimenta 

using G. neoplasticum have failed to produce acceptable 

neoplastic growths; tha.t the lesions described by 

Fibiger are seen in avitaminosis A; and that G. neoplast

icum heightens the effect while, at the sa.me time, 

vitamin A deficiency accentuates the effect of the para

site. It was pointed out that the diets of dried bread 

used by Fibiger were almost certainly low in vitamin A. 

Gongylonema acts as a chronic irritant and produces only 

minimal losions in rats on a normal diet. 

Vitamin B 

Y east 

Ackert and Nolf (1931) showed that baker 1s yeast 

contained a factor that stimulated the growth of Ascaridia. 

galli in chickens. The worms were longer in the chickens 
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on the yeast supplemented diet than on a deficient diet 

or one that derived its B vitamine from other sources 

auch as wheat, oats, corn, and meat. More worms were 

present on a diet of polished rice and casein than on 

the !ame diet with added yeast, or the diet of mixed 

grains and meat. The length of the wor.me was greatest 

on the yeaat supplemented diet but there were no diff

erences bQtv;een the other two groups. The au thors con

sidered that vitamin B deficient diets give the worms 

a better chance of survival due to reduced peristalsis 

in the host's intestine. 

Clapham (1933) states that the resulta obtained 

by Ackert and Nolf fail to reach statistically significant 

1eve1s, but her reasons for saying so are not clear. 

Baker (1941) has uaed brewer's yeast in calves, and 

Whitlock (1949, 1952) haa used it in sheep in an advanced 

state of parasitic deb11ity with a view to stimulating 

appetite. 

Thiamin 

Chandler (1943) who studied the nutritional re

quirements of the tapewor.m Hymenolepis diminuta con

cluded that the worms were able to absorb nutrients 

directly from the host's tissues with which they were in 

close contact. The parasite was independant of the pro

tain in the host's diet but waa dependent on the carbo

hydra te. It was independant of vi tam1.ns A, D and E and 
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fhia:m.in, but wae affected by lack of vitamin G in 

female but not in male rats. 

Watt (194~) found that a diet deficient in 

thiamin reduced the resistance of rats to a single 

dose of Nippostrongylue muri~, and to a more striking 

degree, to superinfection when the test dose was given 

12 days after the initial infection, or when the ratŒ 

immunised by repeated infection were subsequently 

placed on the test diet and challenged after a period 

of 69 days. There was also reduced protection from 

the serum of rats on the thiamin deficient diet. 

Chandler, Read and Nicholas (1950) studied the 

thiamin requirem~nts of H. diminuta .• Complete lack of 

thiamin in the diet of the host had no effect on the 

worms·. The thiamin content of the worml! l"as fairly 

constant irrespective of whether the host diet w.a~ 

deficient or whether the host received additional 

amounts of the vitamin parenterally. By the use of 

injected radio-thiamin it was shown that the worms 

derived their thiamin from the host. They pointed out 

also that oxygen may be the limiting factor responsible 

for the stunting of cestodes that is seen in heavy in

fee ti ons. 

Riboflavine 

Watt (1944) found that a diet deficient in 
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riboflavine markedly reduced the resistance of rats 

to an initial infection of Nippostrongylus muris, or 

to superinfection when the test dose was given 1a daye 

after the initial dose of larvae. The protection afford

ed by hyperimmune 5erum waa reduced when the donor rats 

were on a diet low in riboflavine. 

Vitamin G 

Rager (1941) studied the effect of dietary mod

ifications on the tapeworm H. diminuta in rats. She 

found that a diet low in vitamin G resulted in a lower

ed egg output. She considered that the effect w.as pro

bably a direct one since other diets that were detri

mental to the host, as ahown in changes in body weight 

and appetite, did not affect the egg production of the 

wor.m. She found that there was no direct relationship 

between the number of worms present and the number of 

eggs produced, but there was an inverse one between the 

number of worms and the number of eggs produced per worm. 

This effect was probably due to crowding. In heavy in

festations the worms are shorter and may fail to produce 

eggs. 

Chandler (1942) showed that H. diminut~was affect

ad by a deficiency of vitamin G in female but not in male 

rats, and assumed that there waa a relationship of sorne 

kind between vitamine and hormones. However Beek (1951) 
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found that a diet deficient in vitamin B complex re

sul ted in a re duc ti on in the number of tapeworrn eggs .. 

passed in the faeces of female rats after 30 daye, 

but in the case of male rats a similar drop did not 

occur until they had been on the diet for 90 days. 

Addis and Chandler (1944) studied the vitamin 

requirements of H., diminuta- in rats. In three experi

menta the rats were subjected to different perioda of 

depletion, namely, 0, 4, and 17 days. Six female rats 

in each group were infected with 10 cysticercoids each. 

The numbers of wo~s were reduced on diets deficient in 

fat soluble vitamine or vitamin G. There waa no effect 

on a diet deficient in thiamin. The lower establish

ment on diets low in fat soluble vitamins might have 

been due to a disturbance of bile secretion through a 

failure of stimulation by bile salta for the evagination 

of the scolex. The authors concluded that the presence 

of some factor associated with vitamin G brought about 

a etunting of the worms, whereas a lack of the mixed 

fat soluble vitamine A, D, andE, or thiamin, resulted 

in an increase in size. This may have been due to de

creased peristalsia resulting in the worms establishing 

in a more anterior and therefore more f avorable position 

in the intestine. 

In a later paper Addis and Chandler (1946) examined 
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the problem rurther and concluded from trial~ with 

experimental diets containing synthetic vitamine that. 

the factor associated with vitamin G that stimulated 

the growth of H. diminuta in female rats was none of 

the eight known factors, nicotinic acid, pyridoxine, 

pantothenic acid, riboflavine, biotin, p-amino-benzoic 

acid, inositol, choline or relie acid. The component 

wa8 heat stable. Liver extract reduced the stunting 

by one half. 

Folie acid and vitamin B12 

Keith et al (1949) and Sadun et al (1949) report

ad on experimente comparing the infections of Ascaridia 

in chickens that were fed puriried diets with and without 

folie acid and a commercial diet. They showed that chicks 

on the deficient diet harboured more and larger worms, 

indicating that the deficiency of folie acid lowered the 

resistance. They found that the worms on the purified 

diets were stunted when campared with those on the commercial 

diet. The stunting was not overcome by dried liver, but 

11ver extract gave a partial reaponse. The commercial 

liver extract therefore contains a factor that ia required 

by the worms in relatively large amounts, and this factor 

may be vitamin B12 or the "animal protein factor." 

Todd et al (1950) compared the resistance or the 

orfapring of hens that were fed six different rations, 
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three based on.eo~oaan meal and three on corn gluten, 

supplemented with whitefish meal or vitamin B12 • Diff

erences in the weight gains in the chickens after para~ 

sitieation were taken as the criterion of resistance. 

Soybean and whitefish gave the best growth and corn 

gluten and whitefish the poorest growth. Vitamin B12 

supplements were without effect. The differences noted 

were significant at the 5 % level. 

Hansen, Norris and Ackert (1953) studied the re

sistance of chicke fed an all plant diet eupplemented 

with "Aurofac" and vitamin Bl2· . The birds were artific

ially infested with Ascaridia galli. The supplemented 

groups had a lower mortality, parasitism increased the 

mort~lity on beth diets, and fewer chicks on the supp

lemented diet beca.me infested. There were no difference& 

in the weight gains of the infested and control birds on 

the basal diet, but on the supplemented diet it approached 

significance at the I % level. The authors suggest that 

this might be due to the fact that at peak efficiency a 

few worms might have an effect greater than that pro ... 

duced by larger numbers of worms in birds growing more 

slowly on the basal diet. The supplemented chicks had 

fewer worms but the sizes of beth male and female worms 

were the same on both diets. 

In 1954 Hansen, Petrie and Ackert compared supple

ments of Aureomycin and vitamin B12 used separately and 
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together !n an all plant basal ration. Ralf of all 

groups were parasitised, with .&. galli. The highest 

infeation rate and mortality occurred on the basal diet. 

The supplements together stir~lated both the infested 

and control bir da. There were very amall differences in 

feed efficiency with sorne decrease due to parasitism. 

Aureomycin alone and with vitamin B12 reduced the number 

of worms. Aureomycin restricted and vitamin B12 sti~ 

ulated wor.m growth, and when used together the effect 

on worm aize was cancelled. 

Maldonado and Asenjo (1953) studied the effect of 

supplementing a deficient diet with vitamin B12. and 

folie acid, aeparately and together, on Nippostrongylue 

muris in rats. Neither substance affected the course 

of parasi tiza ti on or the number or the aize of the W01'r:~s. 

In the case of infestation with the f ish tapewor.m, 

Diphyllobothrium latum, in man, only a few of the cases 

infested Œevelop megaloblastic anaemia. Von Bonsdorff 

(1948) has ahown that the anaemia develops in those 

cases in wbich the worm ls situated high up in the 

small intestine. The symptoms can be relieved either 

by r emoving the worm, or by administering vitamin B12 

pa.renterally without anthelm1.ntic treatme nt. Many 

atteœpts have been made to isolate a toxin from the 

worm, but without success. It now appears that the 

dried worm i s cura tive, be ing a rich source of the 
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vitamin. Presumably the werm living high in the in

testine absorba the vitamin in competition with the 

host. 

Vitamin D. 

Ackert and Spindler (1939) in four experiment~ 

with chickens found that a deficiency in vitamin D, 

~evere enough to cause marked leg weakness, failed to 

have any effect on the resistance to A. gall!. In one 

trial cod liver oil was uaed, and an observed effect 

on the number of worms and the number of infested birds 

may have been due to the vitamin A present. In one 

trial, irr·adiation from an ultra-violet lamp failed to 

produce any effect on resistance. They Btated that 

vitamin D deficiency had an effect in rendering the 

birds lesa resistant to the effects of parasitism, but 

this conclusion is not justified from their data, as 

uninfested control birds on both diets were not included 

for comparison and the difference in growth rate after 

infection might have been solely a diet effect. 

Chandler (1942) found that the tapeworm H. diminuta 

was not affected by the amount of vitamin D in the diet 

of the host rat. 

Wantland (1934, 1938) showed that the administration 

of irradiated ergosterol after an artificial infection 

of Trichinella apiralis resulted in a more rapid cal

cification of the cysts, the acceleratlon being greater 
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Vitamin E. 

- 31 -

Zaiman (1940) used a 5ynthetic diet deficient in 

vitaminE. After six montha on the dlet, experimental 

guinea pigs were infected with T. spiralis. The de

ficient animals harboured more than twioe the number 

of muscle tr1.ohinae as those fed a standard ration. 

Vitamin E was chosen for this study becau~e of the known 

effect~ on voluntary muscle, the tissue invaded by the 

parasite in question. 

Carbohydrate. 

Chandler (1942) in his ~tudies with Hymenolepia 

diminuta in rat~, found that the tapeworm was dependent 

on oarbohydrates in the host's diet and was sensitive 

even to partial restriction. In a later study, Chandler, 

Read and Nicholas (1950) found that staroh was a better 

source of carbohydrate than dextrose, and tbat dextrose 

was better than :morose. Read {1950) d:J.scussed the 

gastro-intestinal tract as a habitat for parasites and 

reviewed the work of previoua workera on the effect of 

mi1k in the diet of the host, and assumed that lactose 

was the constituent responsible for the ~ffects reported. 

There appeara, as yet, to be no sound basia for thie 

opinion. 

Prote in. 

In their classical study of the effecte of dietary 
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factors on the health of two Africa'n tribes, Orr and 

Gilkes (1931) brought forward evidence of large diff

erences in the parasitic infections between the Masai, 

who were predominantly eatere of milk, ~eat, and blood, 

and the Kikuyu, who were mainly vegetarian. The incid

ence of helminthiasis as a percentage of total cases 

among outpatients wal!l 0.1 fa for the Masai, and 7.1 % 
for the Kikuyu, and among the inpatients of five native 

hospitals was 0.8% for the Masai, and 10.3 % for the 

Kikuyu. The diet8 of the two tribea differed in many 

respectŒ but the difference in protein waa the most 

' striking one. 

Ackert and Beach {1933) campared the affects of 

protein supplements of meat and skim rnilk, meat alone, 

and peanut meal and ekim milk, added to a cereal ration 

that was adequate in minerals end vitamins, on the re

~istance of chickens to Ascaridia galli. The sk~ milk 

and meat supplement was superior to the ether two groups 

a$ measured by the number of worms developing after 

artificiel infection and by the eize of the worms when 

the birds were killed three weeks after infection. It 

was considered that the difference was due to the greater 

variety of amine acide provided by the supplement. 

Ackert (1939) found that as a supplement to an 

otherwise adequate cereal ration peanut meal was inferior 

to soybean meal. The latter had a greater variety or 
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amino acids and a greater digestibility, that of the 

soybean being about 76 % as compared with 30 % for 

peanut meal. In a later paper, Ackert, Brandaon and 

Ameel (1943) found that eoybean meal was ae effective 

as meat scrap, or meat Bcrap and skim milk, in producing 

resistance to ABcaridia in chickens. 

In 1950 Reidel and Ackert compared supplements of 

soybean meal and skim milk, and eoybean meal and meat 

ecrap. The soybean meal and skim milk gave the greatest 

resistance to Ascaridia based on the number of worms 

developing after artificial infection, although the 

lengths of the worms in the two groups were not sig

nificantly different. They considered that the diff

erence was due to the greater range of amino acide 

especially of lysine and tryptophane. The same authors 

(1951) compared three diets of dlfferent protein content, 

one containing 11 % protein of plant sources, one contain

ing 18 % from both plant and animal sources, and one 

containing 24 ~ mainly from animal sources. The first 

diet was low in all amino acids except tryptophane, 

whereas the third diet was low in argenine, glycine, 

lysine and leucine. The second diet gave the greatest 

resistance as Measured by the number of worms developing, 

a.l though the differences in length of the worms were not 

significa.nt. 

Reidel (1950) found that diets containing 0.7 % and 
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1.2 % lysine did not give any differenceà in level of 

resistance to Aacaridia in chickens. The normal re

quirement of lysine for chickens is about 0.9 % of the 

ration. 

Todd et al (1950) found sma11 differences in re

sistance, as measured by the growth rate of artificially 

infested chickens which were the offspring of birde kept 

on diets based on soybean meal and corn gluten supplemented 

with whitefish meal and vitamin B12. 

Hansen et al (1953) compared the resistance of birds 

on an all plant basal diet with and without supplements of 

Aureomycin end vitamin B12. The supplemented chicks had 

a lower mortality rate, parasites increased the morta1ity 

on both diets. There waa no difference between the weight 

gaine of infested and control chicks on the basal diet, 

but on the supp1emented diet differences approaching eig

nificance at the 1 % level were recorded. It was suggest

ed that at peak efficiency a few worms had a greater 

effect than a 1arger number of worms on the basal diet. 

Supp1emented chicks had fel'Ter worms but the re were no 

differences in the sizes of either male or female worms. 

Luttermoser and Allan (1942) compared the growth 

rates of chickens with and without infections with 

Raillietina cestici11us, on diets containing 13 % and 

26 % protein. No difference in growth rate was record

ed on th~ high protein diet, but they claim that there 
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wa.s a retardation in the growth of the infested bird~ 

on the low protein diet. The authore presented no stat

iatical treatment of their resulta, but an inspection of 

the growth curves would suggest that the differences 

observed might not be significant. The differences noted 

amount to lesa than· 10 % of the weight and the curvea 

ran almost parallel for the greater part. Such a result 

could occur with ordinary errer~ of weighing on the fir~t 

weighing day. Further, with a real difference one might 

expect a progressive divergence between the two curves. 

Donaldson and Otto (1946) compared infections with 

Nippostrongylu~ muria in rat~ on a 9 % all plant protein 

diet and a 22 % protein diet, half of the protein being 

of anim~l origin. Rat~ on the lo~ protein diet were un

able to ~evelop a highly protective immunity. Immune 

rat~ lost·their immunity after 36 daya on the low protein 

diet, although they ~till retained some immunity when 
1 

compared with previously uninfected rats. Rats on the 
1 

high protein diet were also more resistant to primary 

infection. 

V:lmkatachelam and Patwordhan (1953) found in 

children a lower digestibility of protein associated 

with an infection with Ascaris lumbr icoides. On low 

protein intakes they suggested that this factor might 

be important in the causation of nutritional oedema. 

Corkill (1950) haa reviewed the relation of dietary 
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protein to disturbed host-parasite balance. He points 

out that there ia a continuoua interaction between serum 

protein, body protein and diet. Serum gamma· globulin has 

a half life of about two weeks. He considera thnt a 

poorer· antibody response may occur when there are two 

or more antigens competing for the available gamma 

globulin especially when the diet ia low in lysine. 

Lysine is quantitatively the most important amino acid 

in gamma globulin and ie aleo lacking in the vegetable 

die ta of tropice.l countries where mul ti pl e infect! ons 

are common. A poor antibody response in aubnutrition 

is well known and in m&ny infections there is a re

duction in serum albumen. Since there is more lysine 

in albumen than in globulin, this is thought to be 

the mechanism by which limited lysine supplies are 

spared for antibody production. 

Minerale 

Iron 

Rhoada et al (1934) carried out a atudy in 

Puerto Rico, baaed on a cl1n1cal atudy of 83 patiente 

with hypochromic anaemla aBsociated with hookworme. 

In the eame area a similar hypochromic anaemia occurs 

not aasociated with hookwor.ms. It was thought to be 

due to the low level of iron and other haemopoietic 

substances in the poor diet, to gastro-intestinal 

changea as well as to blood losa from the hookworms 
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present. The removal of hookwor.ma produced little 

change in the haemoglobin level but the erythrocyte 

count did irnprove over several weelç:~. The addition 

of meat and milk to the diet likewise had little affect 

on the haemoglobin. On the other hand, the administration 

of 0.6 g ferric citrate by mouth, with or without the re

moval of the parasites, had a atriking affect on the 

anaemia and on the clinical condition of the patients. 

Only a moderate affect was obtained with liver extract. 

They pointed out that it ia important to direct thera:py 

firat against the anaemia and secondly against the 

parasites. 

Foater and Landsberg (1934) ahowed that the 

anaemia of hookworm diseaae waa a microcytic hypochromic 

type and that it could be simulated haematologically by 

repeated bleeding. It reaponded well to iron therapy 

but there was no evidence of any taxie action on the 

haemopoietic tissues. 

Otto and Landsberg (1940) found that dogs fed a 

generally deficient diet, with or without added iron, 

failed to survive the anaemia produced by an infection 

of 900 Ancylostoma larvae. Iron 3t1mulated a transient 

erytP~opoiesis but had no effect on the development or 

persistance of the hookworms. They considered that a 

balanced diet waa of more importance than iron and they 

doubt the validity of the conclusions reached by Rhoads et al. 
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MoFadzean and Wong (1952) found that there was a 

quicker re8ponae when iron was given intravenou81y than 

when given orally. The amount given was oalculated to 

make up the haemoglobin, plus 50 % for an unknown de

ficiency of non-haemoglobin iron. It wa~ given dai1y 

a~ saocharated iron oxide in doses of 50 1 100 and then 

200 mg per day. The oral treatment was 1.5 g ferrou~ 

eulphate with 150 mg aaoorbic acid daily. The patiente 

were diacharged when their haemog1obin8 reached 60 %. 
There were 25 patienta and contro18. The quicker re• 

covery that followed treatment al1owed ho~pita1 bed8 to 

be vacated earlier. The response was about twice aa 

rapid ae with oral dosing. The worms were removed with 

an anthelmintic when the patiente were discharged. 

Spind1er (1936) artificially infested anaemic pige, 

on a diet 1ow in iron and copper, with Oesophagostomum 

dentatum. Higher infectione were present in the anima18 

that were supp1emented with beth iron and copper. He 

suggested that the supplement may have favoured the 

parasites or that the anaemia in the unsupplemented pige 

was detrimental to the worms. His conclusions are of 

doubtful significance because of the small number of 

anima1a used in the trials. 

Phoephorus and Calcium 

Phosphorua and calcium have been inadequate in 

many of the generally deficient diets previously discussed. 
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Only a small number of trials have dealt with deficiencies 

of theae elements alone. 

Ackert and Gaafar (1949) found that a deficiency of 

phosphorus was the 1imiting factor in Ascaridia infection 

in poultry. A high ca1cium-low phosphorus diet produced 

smal1er worms than one in which the calcium:phosphorus 

ratio was optimal. An excess of calcium injected into 

birds fed on a normal diet had no effect on the ps.rasites. 

In a later paper Gaafar and Ackert (1953) found t hat diets 

low in calcium or phosphorus gave fewer and smalJ.er worms, 

but thi~ waa thought to be due to the mineral requirements 

of the worms themse1ves. The resistance of growing chicks 

did not appear to be affected by low calcium or phosphorus 

in the ration. 

Shearer and Stewart (1933) conclud.ed that hea.vy 

nematode infections in lambs interfered with the meta

bolism of calcium and phosphorus and this would result 

in retarded skeleta1 growth. Andrews (1938) fail ed to 

find any interference with calcium or phosphorus storage 

in lambs artific.ially infested with Cooperia curticei, 

as did Andrews et al (1944) in the case of Trichostrongylua. 

Franklin et al (1946) on the ethe r hand didf1nd sorne 

evidence of impaired calcium and phosphorus utilization. 

Manganese 

Harwood and Lu ttermoser (1938) considered that on 

a diet low in manganese the growth of chickens appeared 
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to be retarded by a light infection of R. casticillus, 

whereas, in a later trial with adequate manganese, 

slight retardation only followed moderate infections 

with the parasite. 

Copper 

In the peat areas of New Ze&land there has been a 

long experience of gradual reduction of production of 

dairy cows. On one occasion a field worker demonstrated 

worms in the stomach of a cow that had died of the disease, 

and recommended a copper sulphate anthelmintic drench. A 

definite response was obtained hut subsequent work by 

Cunningham (1946) has shown that the soils and pastures 

are deficient in coppar and that the effect of copper 

sulphate drenching was to supply the missing mineral 

rather than to kill the parasites. 

There is sorne field evidence euggesting that para

sitism is a somewhat greater problem in young cattle on 

soils low in copper. The infestations appear to be more 

severe and more persistent, hut àefinite proof of any re

lationship bas yet to be furnisped. 

Cobalt 

rt has often been suggested that there is an 

increased susceptibility to parasites in lambs grazed 

on cobalt deficient pastures although definite proof of 

this fact bas still to be ~roduced. Illustrative of 

some of the difficulties tbat were encou.ntered in the 
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early days in New Zealand is the unpublished report 

of sorne observations made by W .M. Webster in the J.1orton 

Mains district of New Zealand. :::;'armera in the area re

ported a wasting disease of lambs, and investigation 

a~sociated high wor.m counts with the unthriftines~. The 

presence of numerou~ swampy area~ on one far.m suggested 

that parasitic infestation was taking place in the moist 

pasture surrounding the swampa. It was recommenèed that 

the sheep could be protected by fencing off the offending 

areae. This was done, and the following season little or 

no mortality occurred. It was subsequently shawn by 

Askew and Dixon (1936) that the primary cause of the 

disease was a cobalt deficiency and, since cobalt top

dressing resulted in thrifty lambs, the interest in 

parasites as a contributing factor waned. The cobalt 

statua of the aoila at Morton Mains, hov;ever, is marginal 

so that there is considerable variation in the sever:tty 

of the eymptoms from year to year. To this fact may be 

attributed the apparent response of the lambs following 

attempts to limit the intake of larva.l parasites. 

A recent experiment in the aaw~ area, reported by 

Anderson and Andrews (1955), provides evidence suggest

ing that there is a greater response to the anthelmintic 

use of phenothiazine in lambs on cobalt deficient pasturea 

than there was when a cobalt supplement was supplied. 

The differences both in weight gain and in mortality 
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between phonothiazine treated and control lambs were 

not aignificant ao the part played by the parasitee in 

contributing to the syndrome of cobalt deficiency re

mains uncertain. The lack of reaponse to phenothiazine 

in the cobalt doaed groupa indicatea tha;t parasites were 

not an important factor in limiting the growth of the 

cobalt dosed lamb~. 

Digestibilitz 

Stewart (1933) at Cambridge carried out observat:tons 

on lambs that were heavily infeated with gastro-intestinal 

nematodes. He concluded that the parasites prevented the 

host from digesting protein to the full extent. Ether 

extract and N-free extractives were not affected, while 

crude fibre digestion was reduced in very heavy infections. 

Shearer and Stewart (1933) found that the aame animala 

showed an interference with calcium and phosphorus meta

bolism, but that sodium and potassium metaboliam was 

normal. Stewart (1933, b), in an attempt to explain 

the above observations, showed that, ~vitro, extracta· 

of the parasites contained a substance that inhibited 

proteolytic action. It was conaià.ered that the e.ct:lon 

of the inhibitor in vivo was to protect the parasite 

from the proteolytic enzymes of the host'a digestive 

fluids, and that in heavy infections they were pro-

duced in aufficient quantity to depresa protein digestion 

in the gut of the host. 
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One criticism of the work is that the animal~ 

that were used were taken from the field where their 

heavy natural infection with parasite~ was a~sumed to 

be the cause of their unthriftiness. Such an assumption 

can not be made without risk since the unthriftinesa may 

have preceded the parasitism, which might, therefore, be 

only a secondary factor. Rumen function, for example, 

might be impaired and might improve while the animal~ 

are under experiment and, at the same time, although 

independently, the parasite load may decrease either 

through the development of resistance or as a result 

of reduced re-infection rate. A drop in egg count and 

an improvement in digestibility may well be correlated 

alhhough the association may be entirely fortuitous. 

Andrews (1938) carried out paired feeding experi

menta with 8 sheep that were artificially infested with 

OooEeria curticei. There were no differences in the 

digeatibility of protein or fibre. The infections pro

duced were clinically non-pathogenic but the infested 

lambs showed a decreased efficiency of food utilization 

apparently due to increased energy metabolism. This may 

have been accounted for by irritation of the gut or by 

a possible although not demonstrated accumulation of 

guanidine in the blood. 

In a la ter paper Andrew a, Kauffman and Da vies ( 1944,) 

studied the affect of T. colubrifor.mis on the digestibility 
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of nutrienta and agâin failed to find depres~ed protein 

or fibre digestibility or decreased absorption of calcium 

or phosphorus. In one animal the apparent digestibility 

coefficients of all nutrients, except ether and crude 

fibre, were depressed when the vitality of the animal 

was so reduced by starvation and diarrhoea that the 

normal digestive processes could no longer take place. 

In another animal the bones were demineralised to carry 

on metabolic processes. Energy metabolism in all in• 

fected sheep was increased and the efficiency of food 

utilization reduced. This may have been brought about 

by inflammation and irritation of the gut. In thoae 

showing diarrhoem it may have been due to increased 

intestinal activity and the retention of guanidine ag 

a result of the severe dehydration. 

Franklin et al (1946) carried out digestibility 

trials on weaned lambs artificially infested with 

T. colubriformis. The infested lambs showed a lower 

liveweight gain and a depression of protein digestibility. 

The llveweight differences were not significant, although 

they did approach it at the 5 % level. The differences 

in protein digestibility were significant in one period 

at the 5 % level, and in another at the 1 % level, but 

the difference was not significant in the period that 

correaponded with the period of greatest egg production. 

Venkatachelan and Potwordlan (1953) examined 
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9 children harbouring A~caris. They were kept in 

hospital on a diet allowing a constant amount of 

nitrogen per day. Faecal nitrogen before and after 

anthelmintic treatment was determined. In all cases 

faecal nitrogen wa~ lower after treatment. The average 

values were 1.35 g per day and 0.,755 g per day ree~pect

ively - a difference that wa~ ~ignificant at the 1 % 
level. The nitrogen content of Ascaris eggs waa deter

mined and waa 19.2 - 26.1 mg in a total faecal nitrogen 

of 0.875 - 2 •. 47 g. Two worm-free patients were given 

the anthelmintic treatment and catharsis but showed no 

fall in faecal nitrogen. The authora concluded that,on 

a low protein diet, impaired protein digestion may be 

an important factor in the cause of nutritional oedema, 

a syndrome which is seen primarily in young children 

as a ~ubacute protein deficiency. 

Rogers (1941) has studied the metaboli~m of 

trichinoaed rat~ ~ring the early phase of the di~ease. 

Anorexia and diarrhoea occurred 8 - 12. daye after in• 

fgction. Protein digestion decreased to a low figure 

8 - 12 days after infection. He suggested that this 

could be due to the presence of antiprotea~es and to 

mechanical damage to the mucosa of the gut by the adult 

worms. There was no difference in fibre digestion. In 

the intermediate phase of the diaease there was B. minor 

disturbance about 30 days after infection which may have 
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been due to the adulte leaving the gut. Inorganic 

phosphorus excretion fell to a very low figure 4 - 8 

daye after infection, 24 days later it rose to 2 - 3 

times the normal figure. Calcium assimilation fell to 

a low level during the second 4 day period1 and again 

at the 9th. Weight loes waB greateet in the 8 - 11 day 

period. (Rogers 1942). 

Bray (1953) on the other hand made a etudy of the 

nitrogen metaboliem in West African children. She wa~ 

able to find no consistent change in the nitrogen b&lance 

after the elimination of Ascaris on Ancylostome.. There 

were however data from only 3 treated individuale with 

infections with each parasite. 

Anthelmintic Factors in the Diet. 

Hall, Shillinger and Cram (1925) have reviewed 

eome of the early literature on the presence of anthel

mintic substances in certain foodstuffs, but there is 

little or no scientific evidence in support of the claime 

made f or them. T.he factor s mentioned include pumpkin 

seede, blueberriee, pepper, tobacco, raw.' sugar, an anti

diabetic diet and onions. The authors carried out teste 

with raw onions in t he diet of dogs over a sixty day 

period and found little or no anthelmintic activity. 

Sorne whipworms, hookworms and ascaride were passed but, 

as they point out, their elimination may have been 

spontaneous a nd not related to t he diet. 
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Milk 

Porter (1935) carried out a trial with 3 - 6 

rats in each group with diets of either dried or re

con~tituted milk with and without added iron and copper. 

The rate on the milk diet. ehowed a greater susceptibility 

to Nippoetrongylus muris than those on a balanced grain 

ration. The greater sueceptibility was seen both in 

pr1mary and repeated infections. Added iron and copper 

appeared to increase the resistance but this group waa 

1ntermediate between the other two.. The author preeented 

no statietical treatment of the resulta of these exper1-

ments. 

Reidel (1949) fed a normal diet and water or milk 

to mice Which were then infected with lOO Trichinella 

larvae. There were no differences in the number of 

adult~ present when the mice were killed at 6 days, 

but when they were killed at 28 days marked differences 

were found in the larvae that had developed. The variation 

was larger in the group fed milk, presumably due to 

variations in intake. 

Ackert and Reidel (1946) infested with Ascaridia 

galli chicks that were fed milk on elternate days. The 

milk-fed chicks harboured only 40 % as many worms a~ 

those given water. 

Spindler, Zimmerman and Hill (1944) fed 14 pigs 

on skim milk for 3 - 5 dayr. and found that they eliminated 
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60 - 100 % of the Trichuri~, 0 - 90 % of the Ascaris, 

and 90 - 100 % of the Oesophagostomum present. The 

elimination was a~aociated with a profuse diarrhoea. 

In a later paper Spindler and Zimmerman '1944) carried 

out two trials under conditions of reinfection, with 

groupa of pig~ fed milk plus grain each day or milk 

for one day every 2 - 3 weeke, and a control group fed 

a grain ration. Purgation occurred wi th the feeding 

of the milk and with it was associated the elimination 

of parasites. Autopsy showed low infestations with 

Ascaris, Trichur:is and OesophagoPJtonru.m, Spiruride and 

lungworms. The effect of a milk diet on lungworms is 

difficult to explain unless it is an indirect one. 

Shorb and Spindler (1947) repeated the same 

feeding regime with two virtually worm-free pigs per 

group. The liveweight gains were 1.31, 1.13 and 1.15 lb 

per day, whereas under conditions of reinfection 

Spindler and Zimmerman obtained gain~ of 1.17, 0.85 

and 0.32 lb per day. The differences .noted in the 

weight gains in the earlier trial were then considered 

to be due to the parasites primc.rily and to the diet 

secondarily. 

Whitlock (1951) carried out an experiment under 

conditions of pasture grazing with concentrate feeding 

in creeps, in which le.mbs that were weaned at 2 months 

of age were found to be more susceptible to parasites 
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than those that were not weaned until 5 .- 6 monthe of 

age. It is doubtful if the egg count differences be

tween the groups were significant. It is doubtful also 

whether the effect observed should be ascribed aolely to 

the absence of milk from the diet since the early-weaned 

lambs would be forced to do more grazing than the un

weaned lambs and consequently would be exposed to a 

greater risk of infection. 

A further examination of early weaning under more 

practical conditions has been attempteà in New Zealand. 

Clarke (1954) has shown that similar worm infections 

occurred in lnmba that were weaned in early December as 

in those weaned 5 weeks later. However early weaning 

bas a very considerable advantage from an economie and 

flock management point of view. The main features are 

the more economical utilization of feed through grazing 

by the lamba, reducing as it does, ewe overhead and feed 

~onversion losses, by the reduced competition with the 

ewes for the available pasture, and the ease witb. which 

the ewes can be h~ndled after weaning in order to reduce 

their condition for sale or. for flushing prior to mating. 

Early weaning facilitates pasture utilization, 't'!eed con

trol and shearing procedures. 

Macker1•as (1953) found that a milk diet suppressed 

Plasmodium bergei infections in rats. The infection dia

appeared in 23 - 27 daya in rats on the milk diet while 
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two animals on the control diet succumbed. No effect 

was seen in infections with Trypanosoma lewisi. 

Sen Dutta and Ray (1955) reported that a milk diet 

had no effect onT. evansi infection but it did affect 

mammalian plasmodia but not trypanosomes, Babesia canis, or, 

avian plasmodia. They suggested that it might be due to a 

deficiency of para-aminobenzoic acid, folie acid, or 

cortizone. 

Anthelmintic Factors in Pasture 

There is a high concentration of hydrogen cyanide 

in a number of pasture plants and Melville et al (1940) 

have shawn that sorne strains of white clover contain up 

to 0.033 %. Tetley (1953) has considered the possibility 

that this may be toxic to internal parasites in sheep 

grazing such pastures. He showed that, in vitro, pot

assium cyanide, in similar concentrations, killed sorne 

of the infective larvae of the Trichostrongyles from 

sheep. An aqueoua extract of clover leaves was also 

toxic to sorne of the larvae immersed in it. He grazed 

lambs on worm-free pastures of (1) New Zealand certified 

pedigree white claver which was high in the cyanogenetic 

glucoside, lotaustralin (0.023% hydrogen cyanide), 

(2) red clover with a doubtful trace of cyanide, and 

(3) cocksfoot with no trace of glucoside. After four 

days on the pasture all animals were dosed with 2,000 

infective larvae of Haemonchus contortus. Fourteen days 

later the lambs were killed and the number of worms 
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present determined. Mean counts of sq9~6 on the white 

elever, 613.9 on the red elever, and 698.6 on the 

cocksfoot were obtained. The cocksfoot group was sig

nificantly higher than the other two groups, but there 

were no signifieant differences between the two elever 

groups. It is doubtful therefore whether the eyanide 

content was the only factor involved. 

Southcott (1955) haa reported from Australia the 

result~ of some observations on the effeet of grazing 

oats on the adults of Oesophagostomum columbianum in 

sheep. He found that sheep grazing oats eontinuously 

eliminated m&ny adult parasites. Pastures of Phalaris 

tuberosa-subterranean elever and red elever resulted in 

some elimination, but the effeet was much less than with 

oats. On oata, not all of the parasites were expelled 

and there was an associated softening of tHe . faeees and 

a fall in faecal pH. It was seen to oecur with and 

without large inereases in body weigbt. There also app

eared to be some inhibition of emergence of larvae from 

the nodules during the oat-grazing period. 

Selt-aure. 

The term t: self-cure tt was f i r s t used by Stoll (J.929) 

to deseribe a sudden spontaneous elimination of parasites 

from an infested host. Stoll's observations were made 

with two sheep i nf ested wi th Haemonehua contor tua, and 
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similar observations have since been made with other 

host-parasite systeme by Sarlea (1932) with Tricho

strongylus calcaratua in rabbits 1 Gordon (1948) and 

Stewart (1950 1 1953, 1955) with Haemonchus contortus 

in sheep and Michel ( 1952_) w:t th Trichostrongylua 

retortaeformie in rabbits. 

Some early observations on the phenomenon were 

made by the writer at the Regional Pastoral Laboratory~ 

Armidale, New South Wales, in 1940.. At the time, routine 

collections of faeces were being made from several flocks 

of sheep, and it was observed repeatedly that there w.aa 

a dramatic fall in faecal egg count 1 not only in individual 

sheep, but sometimes in virtually all members of a flock 

of 30 - 40 animals. The change from high to low counts 

occurred between two weekly aempling days. On sorne 

occasion.! large numbers of e.dul t Eaemonchua were found in 

the small 11grab" samples of faeces rernoved from the 

rectum. More detailed later work by Gordon {1948) showed 

that the phenomenon could occur simultaneously in sheep 

of different ages, in sheep with infections of different 

ages, in sheep with heavy or light infectione, and in 

sheep in different flocks situated several miles apart 

and grazing pastures of very different botanical com

position. It could occur in the field on pasture 1 but 

not in members of the same flock recently removed to 

penB and f~d a constant diet. It was not a manifestation 
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of an immune reaction as sheep could show self-cure 

and almost immediately pick up a new infection which 

might prove to be fatal. Self-cure was often seen after 

rain and freahening of the pasture but before there was 

any marked improvement in the nutritive value of the 

pasture as reflected in liveweight changes. He poat

ulated the presence of an anti-helminthic factor in 

the fresh pasture. 

Subsequent work by Gordon (1949) and Stewart 

(1950, 1953, 1955) showed that the phenomenon was an 

· allergie sensitization wh:!.ch was precipitated by a large 

intake of infective larvae. It was asaociated with a 

riae in circulating complement-fixing antibodies, 

eosinophiles and blood histamine, and with skin sensit

ivity. The behaviour of the abomasum observed under 

anaesthesia was one of increased motility with a striking 

oedema. of the abomasal wall. 

Stewart also showed tr~t the larvae of Haemonchus 

could elicit self-cure against the adults of Haemonchus 

in the abomasum and also those of Trichoatrongylus in 

the small intestine while the larvae of Trichostrongylus 

could elicit self-cure against adult Trichostrongylus but 

not against those of Haemonchus. The assumption waa 

that the reaction occurring in the abomaaum affected 

adults in the stomaoh and lower down in the small intest

ine, but in the case of Trichostrongylus the reaction did 
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not occur until the larvae had reached the intestine 

and therefore could have no effect on adults living in 

the abomasum. 

PARASITES OF CATTLE IN NEW ZEALAND 

Unthriftiness, and mortality in their first year 

of life, is a serious problem of calf raising on many 

New Zealand dairy far.ms. The relative importance of the 

many fa.ctors involved has not been determined, but it is 

certain that coccidiosis, parasitic gaatro-enteritia, 

and parasitic pneumonia all play a part, as does also 

general malnutr:ttion and specifie àietary deficiencies 

such as occur in areas low in available copper or cobalt. 

Until recently all laboratory examinations for the 

diagnosis of parasitism in cattle have been carried out 

at the Wallaceville Animal Research Statj_on, and data 

collected over several years have been examined in an 

attempt to improve the interpretation of the resulta of 

faecal egg counts, which at the present time, is beset 

with many difficultiea. A study of these observations 

will also provide a background for the better appreciation 

of the experimental resulta presented in the following 

section on the affects of rotational grazing of cattle. 

The specimens that were forwarded to the labor

atory included a relatively small number of viscera for 

total worm counts and a larger number of faecal specimens 
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for worm egg counts. The viscera were sent either 

unp~eserved or formalinised. On arrival they were 

opened, washed and screened throug._h. a fine si eve. The 

material retained in the sieve was diluted to 2 litres, 

and four 5 ml aliquots were taken after thorough mixing. 

After the smaller worms were counted the remainder of the 

material was examined for smaller numbers of the larger 

parasites, such as Haemonchus and Bunostomum, before it 

was discarded. The contents of the large intestine was 

examined after screening through a coarser sieve (20 

mes~es per inch), and the worms present counted individ

ually. The lunga were examined by opening the broncbi 

and estima·ting the numbers of. lungworms present. 

In the case of the worm count data, the numbers 

available have been too small to consider in detail but 

the following table (Table 1) presents sorne of the 

heavier counts from which tentative conclusions as to 

the relative abundance of the species of parasites present 

can be drawn. In many cases the lungs or the large in

testines were not submitted so the data for these organs 

are incomplete. 

It is obvious that the data presented in the table 

do not represent a random sample because of the selection 

that has been made from the recorda and the fact that more 

cases suspected of being heavily parasitised would be 
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submitted by veterinarians in the field. It is true 

also that many clear eut cases of parasltism would not 

be submitted but there would tend to be more where the 

aetiology was obscure or where there were complicating 

factors. It is clear also that there was not a, Dom

inion-wide cover and that there was a preponderance of 

specimens from certain areas. Several factons contrib

uted to this, such as proximity to the laboratory, the 

availability of good express services, the interest of 

the field worker concer.ned, and also the density of the 

cattle population. Another factor that limited the 

amount of material submitted was the bulky nature of 

bovine viscera., and unless suitable containers were 

available at the time of the autopsy either no samples 

or only inadequate samples were collected. 

Specifie identification of the parasites collected 

have shown that the species most commonly found in large 

numbers were Ostertagia ostertagi, Trichostrongylus axei 

and Cooperia onchophora. Associated with these but occ

urring in smaller numbers are o. trifurcata, c. McMasteri 

and c. punctata. Heavy infection with Haemonchus was un

conunon and Bunostomum and Bosicola were relatively rare. 

In isol~ted cases, however, heavy infestation with the 

larval stages of Bosicola have been seen. Dictyocaulus 

viviparus was commonly associated with outbreaks of 
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paraaitic pneumonia in both calves and yearlings. In the 

case of the latter the field diagnosis, both clinically 

and on post-mortem examination, was so simple that speci-

mens were seldom sent to the laboratory. 

TABlE 1 

Date Localit;! Haem. Ost. Tri ch. 1~~5ô) Bun .. Trich- Dictz. 
Tiëoœ) ( rooo) uris 

April Palmerston 0 42:: 48 30 0 0 0 
North 

Il : Pahiatua 0 47 0 0 0 0 0 
Il Taumaranui 0 76 33· 37 0 0 -
" Ruakura 0 10 0 0 0 0 0 
ft Taumaranui 0 68 5a 22: 0 0 ... 

Mar, Featherston 0 36 28 20 0 ..... 
Paeroa 134' 16 8 14 0 .. -

June Ruakura 0 11 2 7 0 0 0 
n: Wanganui 0 54 63 3 0 1 30 

" Taumaranui 0 2A 24 36 1 0 
n Trentham 0 116 93 84 0 0 0 

July Upper Hutt 0 125 16 0 0 20 0 
Au§• W'11akatane 0 26 16 36 0 150 0 

W.haka tane 0 80 34 30 0 20 0 
n ~akatane 0 22 32. 5 0 40 0 
n. Whakatane 0 15 0 68 0 10 0 
Ill Hamilton 0 20 14 18 0 0 .. 
" Galatea 184 3 29 16 0 0 30 

" Ruakura 0 48 8 4 0 0 

" Eamil ton 0 18 29 3 1 -
" Taumaranu1 0 36 56 0 37 0 

Sep,t. Whangarei 0 24 14 16 17 0 
Whakatane 20 27 2 0 0 7 .. 

Nov. Hami lton 0 67 10 0 0 ... .. 
Il Timaru 0 15 37 14 0 0 

The resu1ts presented provide evidence of a marked 

sea sona1 occurrence of heavy worm infections in the autumn 

and win ter months. I t shoul d be poin ted out, h owever , that 
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in New Zealand virtuaJ.ly all cal ,res kept for !:..erd re

placements are born in July or August. Roberts (1941) 

has shown that in Queensland the pattern of wor.m infect

ion waa similar in calves born at different times of the 

year. It is probable therefore that in New Zealand the 

sa.me is true, and that the apparent seasona.l occurrence 

of hea.vy infection w.as a reflection of the fact tha.t 

there was a population of young animals tha.t a.ll rea.ched 

their most vulnerable age in the autumn months, rather 

than that the autumn months prov1ded weather conditions 

most favoura.ble for the development of the parasites on 

the pasture. 

The fa.ecal specimens were sent unpreserved and were 

examined using the :McMaster technique. In most instances 

examinations were done within 48 hours of collection. Pro

vided the sample bottles were filled completely, thus ex

cluding air, the development of the eggs was arrested and 

specimens were suitable for examination under these cir

cumstances for several days. 

The analysis of the egg count data has been carried 

out by meana of punched carda on which were entered the 

relevant information for each animal. The cards were 

then sorted to give a breakdown according to the year, 

month, locality, count, and the consistency of the faecal 

specimen. The vast majority of the specimens were from 
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cattle under one year of age although there were seme 

from older animale, but the records were so often in-

complete in this respect that all specimens have been 

considered together. The intensity of the infection has 

been expressed as the mean egg count and also as the per-

centage of specimens with counts of above two arbitrary 

levels of 500 and 1,000 eggs per gram - representing mod

erate and heavy infections respectively. The latter fig-

ures ma. y give a more re liab1e me a sure, since the mean egg 

count is influenced so much by a few very high values. 

The following tables show the number of specimens 

examined over recent years, the distribution of the counts 

recorded, the seasonal and regional comparisons, and the 

relationship of count to the consistency of the faeces. 

Because of the small numbers of specimens examined in the 

early years the figures for 1941-1949 have been combined. 

Year 

1941 
1942-. 
1943 
194-1 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
195a: 
1953 
1954 

Total 

TABLE ~ Yearly Comparisons 1941-1954 

Sam;eles Examined 

7 ) 
6 ) 

108 ) 
51 ) 

192 ) 
20 ) 
30 ) 

144 ) 
370 ) 
'714 
430 
3la. 
332: 
582_ 

3,305 

Mean E.G..P. 

290; 

170 
400 
400 
550 
450 

330 

~ over 500 
E.G.P. 

20 

8.5 
1'7 
20 
21 
20 

15 

% over 1 1 000 
E.G..P. 

12 

3 
10 
11 
12 
12 

8 



TABL~ 3 --
Distribution of Counts 

Eggs per Gram 

Negative 
1 - 500 

500 - 1,000 
1,000 - 2.,000 
2,000 - 3,000 
3,000 - 5,000 
5,000 -10,000 

10,000 and over 

Tota.J. 

Monthl;y: 

Freq_uency 

1,53:3: 
1,351 

161 
135 

56 
28 
24 
17 

3,305 

TABLE 4 

ComEarisons 
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1941 - 1954 

Percentage of 
Total Samples 

1941 - 1954 

46 
41 

5 
4 
2:' 
o.s 
0.7 
0.5 

100 

Mon th SamEles Pernent. Mean Egg Percent. Percent. 
of Total Exa.mined Cou nt of CountB"' of Counts 

over 500 over 1,000 

Jan. 182 5.5 240 12 6 
Feb. 199 6 320 14.5 6.5 
Mar. 231 7 400 17 9 
April 216 6.5 570 22.5 12 
May 305 9.5 540 24.5 ' 14 
June 355 11 350 16.5 7.5 
Ju.1y 346 10.5 650 24.n 14 
Aug. 465 14 290 11 5 
Sept. 253 7.5 310 8 5 
Oct. 28'7 8.5 190 7 4 
Nov. 285 8.5 120 5 2.5 
Dec. 181 5.5 120 8 1 

Total 3,305 100 350 15 8 
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TABLE 5 

Se&.sonal Com12arisons 1941 - 1954 

Se a son SamEles Percent. Mean Percent. Percent. 
Examined o:r Total Egg Count of ëounts: of Counta 

Over 500 Over l,tOOO' 

Spring 
(Sept .-Nov.) '748 24..5 310 '7.5 4.5 

Summer 
(Dec.-Feb.) 534 1'7 330 12.0 5.0 

Autumn 
(Mar .-May) '721 23 500 21.0 12.0 

Win ter 
(Jun.-Aug.) 1,060 33.5 430 1'7.0 8.0 

Total 3,063 100 350 15.0 8.0 

TABLE 6 

North Island - South Island Compari~ 
1941 - 1954 

Number of 
Specimens 

North Island 
2,871 

South Islanè. 
399 

Total 

3,270 

Mean Egg 
Counts 

350 

410 

350 

Percent.of Percent.of. 
Counts over 500 Counts over 1,000 

15 '7.8 

13.5 8.5 

15: 8.0 
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Distribution 

of <.;attle. 

Figure 1. 
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Auckland-

Figure 2. 
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TABLE 7 

Regional Comparisona 1941 - 1954: 

Region Number of Mean Egg Percent. of Percent. of 
SEecimena ~ounts - ~ounts Count over over 

500 12000 

Northland 405 330 15 8 
Auckland -
Waikato 1,085 420 16 9 

Bay of Plenty 141 440 20 10 
Taranaki 476 180 9 3 
Wellington ... 

Mana.watu 753 350 15 7.5 
East Coast 11 200 18 9 
West land 141 290 10 5 
Nelson -
Marlborough 103 350 15 8 

Canterbury 76 780 20 16 
Ota go 34 180 9 6 
Southland 45 450 14 10 
Unknown 35 360 23 11.5 

Total 3,305 350 15 8 

TABLE 8 

Clims.tolosical Data 

Region .hnnual Rainfall Mean Summer Mean lffinter 
rïnches} I~ax. Temp. Min. '!ïemp. 

Northland 50 75 46 
Auckland -

Vlaikato 50 75 43 
Bay of Plenty 50 75 40 
Taranaki 65 70 43 
Wellington -

Manawatu 45 70 40 
East Coast 35 75 40 
Westland 100 65 36 
Nelson -
Marlborough 35 72 36 

Canterbury 25 70 34 
Ota go 30 65 36 
Southland 45 65 34 
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Since diarrhoea is a prominent aymptom in many 

parasitic infections this point waa examined in the pre-

sent series. The conaistency of the faeces was recorded 

by c1assifying the specimens into one of five categories 

accordj_ng to the mois ture content. The asaessment was a 

visua1 one. By a further grouping into three categories, 

samplea showing evidence of constipation, those which 

might be considered Dorma1 for ca1ves grazing on pasture, 

and those where there w.as evidence of scouring, no marked 

difference waa seen with the exception of the firat group, 

but this was a sma11 sample and no definlte opinion can 

be reached. 

TABLE g 

Faeca1 Conslstenc;y ComEarlsons 1941 - lg54 

Consistenc::z: Number of Percent. Mean Es;s; Percent. Percent. 
Sam;Eles of Total Count of Counts of Counts 

over 500 over 1,000 

Soft-formed 31 1.0 700 32-; 20 
Soft 1,578 43.0 330 13 7 
Very soft 560 17 430 18.5 9 
Diarrhoeic 539 16 380 17 9 
Very 
Diarrhoeic 289 9 320 15 10.5 

Not recorded 308 9 275 10.5 7 

Total 3,305 100 350 15 8 
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TABLE 10 

Consistenc~ Comparisona 1941 - 1954 

Consistenc;'l Number of Percent. Mean Bg_g Percent. Percent. 
Samples of Total Count of Counts o:r Counts 

over 500 over ll.OOO 

Constipated 
faeces {soft-

formed) 31 1 700 32-, 20 
Normal faeces 

(soft, very soft) 
2,138 71 350 15 7.5 

Abnorma.l 
faeces 

( diarrhoeic, 
very diarrhoeic) 

828 28 360 15 9.2 

Total 2,997 100 350 15 8.0 

Two of the main difficulties met w:tth in the inter-

pretation of egg counta from diagnostic material are the 

facts tha t an a iling animal shovJing inappetence of several 

days standtng will show an automatic increase in the num-

ber of e ggs per gram due to the lowered faecal output, 

and, on the other hand, when diarrhoea is present the 

increased water content of the faeces affects a dilution 

oî the eggs present, provided the dry matter content of 

the faeces is maintained. It is possible, however, for 

an animal with diarrhoea to show a falsely high egg 

count if the total faeca1 output is reduced through a 

lowered food intake. Srnaller changes in the same direct-

ion can be introduced where the feed has a high digestibility, 

as in the case of young pasture or of root crops. 
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Resulta 

The resulta showed a remarkable consistency from 

year to year, although there was one year, 1950 1 when the 

infestation was considerably lower than normal. Refer

ence tc meteorological data for that year shows that the 

rainf&ll over the early part of the year was very much 

below average, the winter waa m.ild and the spring was a. 

very favourable one. The low counts, therefore, would 

appear to be a result of the summer and early autumn 

drought preventing a build up of infection in the late 

autumn and winter months. 

The aeasonal comparisons showod a well-~arked 

autumn peak and a spring ~rough. As previously mentioned 

it was not certain whether these effects were truly 

seasonal ones, or due to the age of the host. 

The regional comparisons showed a complete lack of 

a north to south gradient in the severity of inf'ection 

a.lthough 800 miles sep~rated the most northerly districts 

from the most southerly ones. The combined figures for 

the two islands, which overlap to a very small extent, 

and vary considerably in climate and farmtng practice, 

failed to show a significant difference. On the other 

hand there appeared to be a well-marked west to east 

gradient occurring in both islands, with the higher 

figures to be found in the eastern and drier areasc, 

although rainfall may not be the determinant. The resulta 
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v1ere consistent whether the mean count or the proport ... 

ion of moderate or hieh counts was considered. The use 

of the chi square test showed that Taranaki and West

land had fewer high counts, while. the Bay of Plenty and 

Canterbury had more high counts than the remaining areas, 

which showed no differences between themselves. Because 

of the small numbera involved no conclusions could be 

reached concerning Otago, Southland or the East Coast. 

The poBition in other countries where conditions 

are not similar might be quite different. It ia poss

ible that the war.m temperate to sub-tropical parasites, 

auch as Haemonchus, Bunostomum and Bosicola, might play 

a more important part elsewhere, and the lack of a diff

erence in New Zealand between the North and the South 

Islands mig..'l1.t be due to the fact that the species con

cerned are mainly those of the cool temperate regions, 

and a ll'luch greater range of temperatures might be 

necessary for a difference to appear. 

The real difference between the eastern and the 

western districts was an unexpected one if one assumed 

that high rainfall favoured the development of the free 

living stages. A possible explanation may be a differ

ence in the plane of nutrition, possibly, although not 

necessarily, associated with the rainfall. Taranaki, 

for instance, is an area of high natural fertility, 

whereas the Bay of Plenty and Canterbury have a lower 
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soil fertility, and alao poaaeaa certain areaa where 

deficiencies of minerale auch as copper, cobalt and 

iodine are recognised, and auch factors may affect the 

levels of infection. An alternative explanation might 

be that the h:tgher rainfall resulted in a level of in

fection ao high that, under the good nutritional con

ditions existing, a solid immunity was establiahed with 

greater certainty than elsewhere. On the other band, 

although the rainfall on the eastern aide is lower than 

on the west, it may still be high enough to allow ample 

development of the larval stages, and the difference 

observed might be quite unrelated to rainfall. Another 

effect of heavy rainfall might be to wash infective 

larvae from the pasture into the sail so that they 

become available to the grazing animal in smaller 

numbers. 

TFE EFFECT OF A SYSTEM OF ROTATIONAL GRAZING 
ON THE l!EMATODE PARASITES OF DAIRY CALVËS. 

For a number of years at the Ruakura Animal Re-

search Station comp~risons have been made between groupa 

of calves raised under different systems of grazing man-

agement. 

In each year one group has been raised under con-

ditions of set-grazine which are very sirr-ilar to those 

seen on many typical New Zealand dairy farms. The 

calves graze from the a ge of a few days, and are confined 
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to one small paddock near the milking shed, where they 

remain until weaning when the pasttœe conditions usually 

make a change of paddock essential. Pasture deterior

ation occurs under the highly selective gra?ing behaviour 

of the calves and when grass growth ia vigoroua the 

pasture becomes rank and the calves then refuse to eat 

the rough herbage. Grass contaminated with dung ia 

unattractive so that the area grazed becomes sm&ller 

and smaller and is cropped very close to the ground. 

It has been estimated that under such conditions only 

20 - 30 % of the pasture area would be grazed. In 

January the cal ve a are run wi th the yearlings and dry 

stock, and the calf paddock is then left vacant. 

On the other hand, the system of rotational 

grazing that has been developed has been shown to re

sul t in more satisfactory growth anè. a marked reduction 

in morta1ity. The system has been described brief1y by 

Ballinger (1942), Gerring (1947), and :McMeekan (1947, 

1948, 1954). The system consista esaentially of 

rota'Lional graozing of the calvea ah~ad of the milking 

herd. The cows graze the paddocks only after the 

calvea have selected their ration and been moved on 

to the next area in the rotation. After the covts have 

eaten much of what remaina, the dry stock - the yearlinga 

and the non-lactating cows - are used to clean up the 

r ough unpalatable gras s l e f t by tr.e mi l king cows. 
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It is obvious that adequate subdivision and 

watering facilities are necessary for the adoption 

of auch a system of rotational grazing. It is obvious 

also that auch subdivision will allow better utiliz-

ation of pasture, better opportunities for the con-

servation of hay, ensilage and autumn-saved pasture, 

as well as resulting in an increase in total pasture 

production which nor.mally follows an on-and-off type 

of grazing management. The maintenance of a unifor.m 

high plane of nutrition for the growing and producing 

anitnals is consequently greatly facilitated. 

The effect of the system on productivity has been 

discussed elsewhere (McMeekan, 1954) but the following 

figures can be quoted to illustrate the magnitude of 

the differences between tr.e set-stocked and rotationally-

grazed groups. 

TABLE 11 Body Weights on 31st Mar ch 

Se a son Rotated Set-stocked Difference 

1940-1941 416 lb 354 lb 62 lb 
1941-1942 423 360 63 
1942-1943 439 374 65 
1943-1944 385 334 51 
19-14-1945 405 279 126 
1945-1946 327 263 64 
1946-1947 424 326 98 
1946-1947 Twins 414 341 73 
1947-1948 410 325 85 
1947-1948 Twins 410 338 72 
1948-1949 414 288 126 
1948-1949 Twins 408 325 83 
1949-1950 357 297 60 
1949-1950 Twins 408 325 83 
1950-1951 439 295 144 
1951-1952 446 301 145 
1952-1953 405 328 77 
1953-1954 363 275 88 
1954-1955 385 288 97 
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At the ~verage age of 20 months the body weight 

difference increased to about 140 lb. 

In the early years of the trial, 1940/41 to 

1944/45, rotational grazing was begun when the calvas 

were weaned at 4 months of age a~d the pastures were 

grazed oy the cows as soon as the calves were taken out 

of the paddock. The cows were then followed immediately 

by the dry stock, after which the paddocks were harrowed 

if necessary to spread the faeces and the area was rested 

until it was gr~ed again by the calves on their next 

round. Although grazing times and resting times varied 

throughout the season, depending on the amount of feed 

ava1lable and the nurt.Jber of paddocks that were shut up 

for hay and ensilage, in general the paddocks were 

grazed for 2 - 3 days and there was a period of about 

10 - 14 days between successive grazing periods. While 

these f i gure s are typical t here were ve ry wide variations 

depending on the rate of growth of the pasture, and the 

time taken for a paddock to recover after gra·zing. 

In the later years, since 1945/46, the system has 

been modified slightly so that the calves begin rotation

al grazing at the age of 4 weeks and graze each paddock 

for 1 - 3 days, but the grazing by t~e calves falls 

about midway between successive srazings by the milking 

cows. Under this modified system there is sorne recovery 
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of the pasture before the cows graze it. The periode 

between grazings are then usually about 7 - 10 days. 

It is important that the cows and the calves should 

graze the same paddocks since the pasture that is unpal

atable for the calves is more readily eaten by the cows 

and later the regrowth ia again acceptable to t!le calves. 

This appears to be quite important aince there are in

stances in the field where farmera have practised 

rotation through a series of calf paddocks without the 

use of adult stock, with a result not very different from 

that seen under the set-gra.zing system. 

The resulta are lesa satisfactory when the calves 

follow too closely behind the cows, or when a weekly 

rotation is used. During dry periods ensilage and hay 

are fed but the rotation around the paddocks is continued. 

The calves soon become &ccustomed to the hay and they are 

kept on an ample hay ration after the autumn raina fall, 

so that the quickly growing grass is not consumed to 

any great extent until it has had time to mature. 

Ma te rial anè ~.~ethods 

In several seasons parasitological observations 

were made. Faecal samples were collected diredtly from 

the rectum of all the calves in the trial and were sent 

to Wallaceville where worm egg counts were done. The 

McMaster technique was used, taking a 4 g. sample and 

using half saturated brine as the flotation fluid. 
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Tb.ree areas of 1 sq. cm. were scanned so that each egg 

counted represented 33 eggs per g. of faeces. Most of 

the samples were of normal consistency and rarely did 

more than 20 per cent. of the samples show evidence of 

severe diarrhoea. It was considered reasonable, there

fore, to ignore differences in dry matter content of 

the faeces and the dilution effect that might be expect

ed to accompany scouring. Further, no attempt has been 

made to apply a correction for the increasing quantity 

of faeces passed as the calves grow older. 

Statistical analyses have been carried out on 

square root transformations of the original number of 

eggs counted :per slide, on each day that samples were 

collected. The resulta are presented in gr~~hical form, 

each graph showing on a logarithmic scale the mean num

ber of eggs per g. of faeces for each group. The level 

of significance of the differencesbetween t~e group 

means is indicated on the graphs. 

There were a nurnber of variations in the experi

mental procedure in different years but, for the sake 

of clarity, only data from the set-stocked and the 

rotationally-grazed groups are considered. DetaiJ.s of 

the treatments in the seasons when samples were taken 

are given below. 

1940/41: In the first season there were two 



- 75 -

groups of 14 and 15 ca1ves. One was set-stocked and 

the other was rotationa11y grazed from weaning. The 

first examination for parasites was carried out on 

April 17, 1941, and at this stage the condition of most 

of the animals in the set-stocked group, and even in 

some of those in the rotationally-grazed group, was 

far from satisfactory. At this time both groups were 

run together and a small scale drenching trial was. 

carried out, grouping all calves at random into 3 

groups. One group was drenched with copper and nico

tine sulphates, one with tetrachlorethylene following 

sodium bicarbonate, and the third group left as an un

drenched control. Three drenches were given during 

June and July. The results failed to indicate any 

beneficial effect of treatment, as measured by reduct

ion in worm egg cc~~t in the treated animals. On 

August 14, all animals were drenched with phenothiazine. 

In this season seven calves died during May, June and 

July, five of the deaths were in the set-stocked group, 

and two in the rotationally-grazed group. For simplic

ity, the graph of the egg counts of the calves in their 

original groups is given, while the drenching treatment 

of the ca1ves and the . fact that they were run together 

after mid-April has been ignored. 
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1941/42: In the second season there were 15 

ca1ves in the rotat:tona1ly-grazed group and 18 in the 

set-stocked group. This was the first year that pheno

thiazine was available in New Zealand in more than small 

experimental quanti ti es and i t was useè. for the regular 

treatment of half the animals in the set-stocked group. 

Drenching was carried out at three-weekly intervals from 

January until June. The dose rate was 20 g. in January, 

February and 1.Iarch, and 30 g. in April, May and June. 

On a body weight basis the above doses ranged from 0.1 g. 

per lb. body weight in the lightest to 0.05 g. per lb. 

body weight in the heaviest calvas in the group. 

Drenched and undrenched set-stocked animals were run 

together. 

Rotational grazing was begun after weaning. In 

this season there were two deaths in May and June, both 

of which were in the set-stocked undrenched group. 

1942/43: In the third season there were four 

groups. One group was grazed ahead of the cows after 

weaning, a seccnd group grazed with the cowe, the third 

group was the usual set-stocked group, and the fourth 

group was set-stocked but the excess pasture growth was 

controlled by the use of additional stock when this was 

neceasary. None of the groups was drenched. The graph 

presents only the data for the standard set-stocked and 

rotatlonally-grazed groups of 11 and 10 calvas. 
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1943/44: In this season, in addition to the 

standard groups or 13 calves each, a third group was 

set-stocked from weaning until January and then trans

ferred to the rotational system. The same treatmenta 

were replicated in a further three groups of animals. 

This trial was terminated rather earlier than usual 

owing to unfavourable dry weather and reed conditions. 

No drenching was carried out and there v1ere no deaths. 

At this stage the scope of the project was 

changed from a study or methods of calf rearing to one 

of lifetime productivity of dairy cattle under good 

and poor conditions of mc.nagement, with provision for 

a switch over of half of each group from one level to 

the other after the first calving. The r .'JW project in

volved the setting up of two similar farms, each self

contained and differing only in the management practices 

used. 

The same amount of topdressing was used on each 

farm, j .e., 2 cwt. superphosphate per acre and one ton 

of lime on the peat areas. 

On the so-called low plane rarm there were five 

paddocks of 10 - 15 acres each, where the calves were 

rea r ed under a set-stocking sys t em and the cows were 

managed on the day paddock/night paddock method of 

grazing. No ensilage waa saved but hay was con ser ved 
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at the rate of approximately -à- ton per milker and 

i ton per head of dry stock. The pastures were not 

topped with the mower and harrows were used only to 

a lirnited extent. 

On the high plane farm there were 20 paddocks of 

3 - 4 acres each. Hay and ensilage were conserved at 

the rate of approximately li tons per milker and ! ton 

per head of dry stock, although the amount of fodder 

conserved and fed varied rather widely from season to 

season. Autumn-saved pasture was also available to the 

cows 2 - 3 weeks before and after calving. 

At this point, re~1lar examination of faecal 

samples was dis~ontinued but after some trouble was 

experienced in the autumn of 1947 examinations were re

sumed for the two seasons 1947/48 and 1948/49. In these 

two seasons drenching was restricted to the low plane 

group, where the primary abject was to ensure the sur

vival of the maximal number of experimental &nimals in 

this group, rather than as a part of an experiment to 

study the affect of drenching per se. For the same 

reason treatment was not given to the high plane group 

as it waa clear that it waa not neces sary. For these 

two seasona therefore the comparison is between animals 

rotationally-grazed without anthelmintic treatment, and 

animals set-stocked and given repeated treatment with 

phenothiazine . As there were no set-stocked animals 
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that were not treated, the effect of enthelmintic 

treatment alone cannot be assessed. 

The dose rates of phenothiazine and dates of 

drenching the low plane animals were as follows: -

.Avers. ge 12er lb • bodil weight 

1947/48 Jan. 31 28 g. 0.12 g. 

Feb. 25 " 0.11 

Mar. 31 " 0.10 

1948/49 Feb. 2 n. 0.12; 

Feb. 16 If 0.12 

Mar. 2 11 0.11 

Mar. 23 35 g. 0.13 

The above dose rates are considered by sorne work

ers to be rather 1ow for calves (Cauthen, 1945), the 

reason that they were not exceeded being that on two 

occasions,at Ruakura, drenching with phenothiazine bas 

been fo11owed by keratitis and so the smaller doses were 

uaed to reduce the risk of a recurrence of this condit

ion which, in itself, can give a severe check to grow

ing animals. (Whitten, C1a.re and Filmer, 1947). 
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Resulta 

In all seasons there were significantly more 

eggs passed by the set-stocked calves at one time or 

another during their first year. The level of infest

ation varied widely from year to year and the period 

over which significant differences were noted in the 

egg counts alao varied widely. The earliest that it 

appeared was in December, and in one year it persisted 

until the end of July. In mo~t seasons it was re

stricted to the period from January or February until 

April or May. It is of interest to record that the 

high plane group did not show significantly higher egg 

counta than the low plane group on any of the 61 sampling 

days. Th:ts was true even in those years when the low 

plane group was drenchsd and the high plane group was 

not. On the other hand, the low pls.ne group passed 

significantly more egga than the high plane group on 

27 occasions. 

It is true tQat there would be a greater output 

of faeces by the heavier high plane animals and that 

this might be expected to have sorne affect in reducing 

the egg count per gramme of faeces in this group. It 

is certain, however, that the difference due to this 

factor \".rould be but a fraction of the ree.l differences 

recorded. 

There werA no significant differences between the 
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groups drenched in 1941 with b1uestone and nicotine 

sulphate, w:tth tetrachlorethylene, and those that were 

undrenched. In the following year there were no diff

erences in the egg counts of the animals drenched re

peatedly with phenothiazine and those that were un

drenched and grazing the same area as the drenched 

animals. 

The low infestations recorded in 1943/44 were 

apparently due to the fact that thi s was a-very dry 

season when the pe. stt~re growth was so poor that the 

calves were largely maintained on conserved fodder. It 

is of interest also that in thj_s s eason the egg counts 

were the lowest recorded, and also t he hody weight diff

erences were smaller than those noted in any ether yee.r. 

Discussion 

The poor re su.lts obtained in 1941/42 with pheno

thiazine were unexpected e.t the time, but, as bas been 

pointed out eDrlier, the pa rasites that e.re most fre

quent1y found in large numbe rs in New Zealand are 

Ostertagia, Trichostrongylus axei and Cooperia spp., 

whereas Haemonchus and Bosicola are relative1y rare. 

Most workers are genera11y agreed the_ t Haemonchus a nd 

Bosicola are very susceptible to nhenothiaz ine , and i n 

mo s t othe r countrie s where anthelmintic tests have been 

carr ied out, Haemonchus and Bosicola a re much more 

co~non t han they a re in New Zealand. ThAre a r e a 
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nurnber of published papers giving data on the eff

iciency of phenothiazinA against the species of cattle 

parasites which are common in New Zealand. Swanson, 

Porter and Connelly (1940) found that doses ranging 

from 0.44 to 1.1 g. per lb. body weight v1ere highly 

effective against Ostertagia and T. axel. Taylor and 

Sanderson (1940) used doses of 25 - 40 g. and reported 

that they were highly effective against Ostertagia. 

Porter (1941) sJ.1.owecl thc.t at 0.1 g. per lb. 'Qody weight 

the drug was highly effective against T. axel but not 

Osterta0ia, and that to be effective against the latter 

parasite the dose had to be increased to 0.2 g. per lb. 

body weieht. Porter~ Si~~s and Cauthen (1941) stated 

that at 0.2 g. per lb. body weight it Vl'as not effective 

against Cooperia spp. Roberts (1941) found that at a 

dose rate of 0.16 - 0.8 g. per lb. booy weight it was 

effective against Ostertagia and Trichostrongylus but 

not against Cooperia. Recently Riek (1951) in Queensland 

has reported observations on the efficiency of the drug 

in doses of 0.1, 0.2 and 0.3 g. per lb. body weight, 

and his data suggest t:ht~.t &gains.t 'l'richostrongyl~s it 

was highly efficient only at the two higher dose rates, 

but against Ostertagia and Cooperia the efficiency ws.s 

poor even at 0.3 g. per lh. hody weight. 

The poor results with the drug at Ruakura are 

therefore not at variance with most of the published 
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data when the dose rate on a body weight basis is 

taken into account and the fact that the three most 

cowmon species at Ruakura are among those that a~e 

less readily co~trolled by anthelruintics. 

Rotational grazing has long been considered as 

one means of reducing the risk of parasitic disease 

outbreaks. The free-living stages of the worms are 

influenced by such factors as heat, cold and dryness, 

and although different species vary widely in their 

resistance to adverse environrnental factors, death of 

the larvae will follow the mere passage of time if they 

are not ingested by a suitable host. 

Information on the survival of infective material 

of cattle ps.rasj_tes on pasture is scs.nty. Most workers, 

who 2ave reported observations on longevity of larval 

stages, have made their rneasurements by grazing wor.m

free animals on areas kept vacant for known periods 

and later slaughtering them to recover the wo~s 

acquired from the pasture. Few data have been pub

lished on the rate of loss of infection and this is 

due, no doubt, to the very real technical difficulties 

that are encountered in this type of work. It is true, 

however, that while a few larvae may survive for a 

long period, the fact that the v-ast majority may dis

appear after a much shorter period may have an import

ant influence in reducing the uptake of infection by 
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graz ing animal s. 

Baker (1939) at Cornell University ste.tes that 

Ostertagia. and Cooperia larvae survived on pasture for 

9 months. Threlkeld and Johnson (1948) noted that 

Ostertagia survived 4 ~ - 6 ~ months in Virginia. 

Swanson, working in Florida, found that Ostertagia, 

Trichostrongylus and Cooperia were able to survive for 

5 months on pasture that was not grazed. Roberts, in 

Queensland, on the other hand, states the larvae, main

ly Haemonchus, can survive for 2 months in large numbers 

but that the numbers are reduced after 3 months. He 

also points out that even in the absence of rain, eggs 

in cattle faeces can develop to the infective stage 

but that the larvae remain trapped beneath the hard 

surface crust of the faecal pad. The effect of rain

fall then, ts considered to favour the uptake of larvae 

by the host not so much be a1lowing development of eggs 

to proceed, but mainly by effecting dispersal of the 

larvae when the pad disintegrates. He points out also 

that larvae from cattle faeces are capable of' lateral 

migration tbrough several feet. It is clear then that, 

under grazing conditions, larvae could migrate from 

faeces where the grass is unpalatable to grass suffic

iently far away to be eaten readily. 

Recommandations for the use of rotational grazing 

to control parasitism usu~lly provide for the periods 
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between successive grazings to be as long as possible. 

From the fleures quoted above it is clear that the re

latively rapid rotation practised at Ruakuru would be 

of limited value in this respect. This is particular

ly true of a lo~ality such as Tiuakura with a temperate 

climate lacking extremes of temperature, and ·with a 

very well distributed rainfall. The annual rainfall 

at Ruakura is 43 inches and very rarely does lesa than 

one inch of rain fall in any month. The maximum summer 

temperatures seldom exceed 80°F, and minimum winter 

temperatures seldom fall below 24°F. 

Under optimal co~ditions of temperature (80~) 

and moisture, larvae may reach the infective stage in 

4 - 6 days, so that the cal1Z:es would return to the 

paddocks in many instances when the larvae developing 

frorJ. faeces deposited on the previous round, would be 

at their most vigorous stage. 

At Ruakura it is only under special circumstances 

that the pasturea ure left unstocked for periods of 

longer than those mentioned above. When calves are 

graz.ed on paddocks tha.t have been eut for silage the 

period of rest varies from 4 - 6 weeks, and in the 

case of hay a ftermath, f or periods of 8 - 10 weeks. 

During the late autumn and winter months the animals 

have access to autumn-saved pasture. In thi s case 

paddocks a r e shut up in mi d-April and fe d off in small 
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breaks by the use of the electric fence. The earlieat 

breaks fed will have been rested for 8 - 10 weeks and 

the later breaks for 18- 20 weeks. It is considered 

that the affect of the above periods will have little 

influence on the general uptake of larvae. For instance, 

in the case of aftermath, less than 50 % of the grazing 

will come from theae paddocks and on the second and sub

sequent grazing periods there will be available infect

ive larvae which have developed froœ eggs depoaited at 

the time of the first grazing. The same is true also 

in the case of the autumn-saved pasture but, at the time 

of the year when this feed is used, differences between 

the groups have usually disappeared and the egg counts 

have fallen to a low level following the development of 

resistance by the host. 

Factors that would appear to be of greater import

ance than the loss of infective material due to the 

resting of the paddock are those connected with the 

amount of contamination seeded on to the pasture and 

the numbers of Jarvae that subsequently become avail

able to the calves. It is probably true that the in

fections in the calves are initiated when the young 

animals begin to graze and pick up larvae 1 most of 

which have been deposited on the pasture by the pre

vious season's calves. The infections are then built 

up, slowly at first, but then more rapidly by auto-
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infection froM material seeded on to the paddocks 

by t h e calves themselves. It is unlikely that the 

cows would make any appreciable contribution in this 

direction, as the infection in adult cattle is always 

very much lower than tbat seen in the younger stock. 

It is obvious, then, that under a set-grazing system, 

where the calves alone are confined to a small area 

of the farm, the bulk of the infective mat erial which 

is deposited would have the opportunity of being picked 

up by the animals that are most susceptible to infect

ion. On t he other hand, under rotational-grazing, the 

stocking rate of calves per acre would be much lower, 

the eggs would be spread over a much greater area, 

and only a fraction of the larvae after development 

would be ingested by the calves. Since the se.me area.: 

is being grazed by the cows, . most of the larvae on 

the pasture would be eaten by the cows, and in these 

older and more resistant animals they will fail to de

ve lop and be destroyed. 

It has been pointed out by Taylor (1934) that 

while large numbers of larvae a re able to reach the 

upper leaves of clover plants, thi s is not the case 

on t he grasses where t hey tend t o be deflected a nd 

come to rest on t he outer and lower leaves, and only 

relatively few reach the uppe r portions of the younger 

and t aller i nne r Jeaves of t he plant. This f ac t would 
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suggest that where the calves need only graze a padd

ock lightly, the parts of the grass that are less 

heavily contaminated would be available to them, and 

the more heavily infected lower leaves would be eaten 

by the cows or the dry stock. Conversely, where 

animals are forced to graze close to the ground, as 

in the set-grazing system, the number of larvae in

gested would be greatly increased. 

!t is likely that, in the animals on the low 

plane of nutrition, the percentage development of in

gested larvae would be greater than in those on the 

high plane. It is tr1·.e also that the effect of a 

given infestation would be less wben the host is on 

a high plane of nutrition: in other wo~os, a greater 

number of worms could be harboured without the app

earance of clinical signs of disease. Further, there 

is evidence in several nematode infections that the 

rate of develonJ:r.ent, fecunè.ity and longevity, are all 

reduced when the host is maintained on a high plane 

of nutrition. 

It is at present impossible to assess the re

lative influence on body weight of parasitolo gical 

and nutritional factors but, in the writer 's opinion, 

it is fairly certain that the nutritional factors are 

by far the most important. This view is borne out by 

the fact that body weight differences between the two 
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groups were fairly constant from year to year where

as differences in the werm burden, although constant

ly in faveur of the rotationally-grazed group, varied 

very widely from year to year, beth with regard to the 

magnitude of the difference and in the period over 

which the differences were detected. 

Ascaris lumbricoides in New Zealand Pigs. 

It has often been considered that Ascari~ 

lumbricoides is one of ~~e most common parasites of 

the pig and alao one of the most pathogenic. There is 

no doubt that this true in many parts of the world but 

until recently there was little information available 

on its importance in New Zealand. Many workers, notably 

Ransom and Foster (1920) and Roberts (1934), have shown 

that young pigs are more susceptible and show a higher 

incidence than older animals. In slaughtered pigs the 

incidence is usually higher in porkers than in baconers 

or older breeding animals. 

With the help of the meat inspection staff of the 

Division of Animal Industry of the Department of Agric

ulture a survey of the incidence of roundworms in a 

series of porkers was undArtaken in several abattoira 

in New Zealand. The aniMals were selected at ranàom 

without reference to the condition of the carcase or 

the presence of lesions in the liver. The small in

testine was run out into a bucket and the contents 
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examined for the presence of the parasites. It is 

obvious that with such a procedure it would be unlikely 

for an inspecter to overlook a parasite as large as a 

mature Ascaris. Infestations with only migrating stages 

would not be detected and small immature stages in the 

small intestine might be overlooked. The results of 

the survey are presented in Table 12. 

TABLE 12: 

Incidence of Ascaris lumbricoides in Pigs. 

North Island 

North Auckland 
Auckland 
Hawkes Bay 
Taranaki 
Vlairarapa 
Wellington-Manawatu 

Number Examined 

13,761 
45,.868 

43 
475 
50 

369 

60,566 

Number Infested 

0 
55 

0 
0 
2. 
0 

57 

Percentage of Total Infested - 0~1 % 
South Island 

Nelson 
Christchurch 
Dunedin 
Invercargill 

Number Exrunined 

467 
663 
302~ 
400 

1,832 

Nu.mber Infested 

10 
130 

45 
0 

185 

Percentage of Total I nf ested - 10.1 % 

The resulta showed that the incidence in the 

North Island was ve ry low but it was much h igher in 

the South Island. At Invercargill, in Southland, 
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the incidence was very similar to that seen in the 

North Island. 

In view of the findings of Spindler et al (1944}, 

that the feeding of skim milk was asaociated with an 

eliMination of Ascaris and other nematodes, it is pert

inent to consider the environment in which pigs are 

raised in New Zealand, 

Approximately 90 % of the. pigs are found in the 

North Island, where they are fed mainly on skim milk, 

whey, or buttermilk supplemented vdth barley or other 

grains, meatrneal and pasture. There is sorne feeding of 

garbage ne ar the c 5. t ie s. In t he Sou th Isla. nd, on the 

other band, grain feeding is more common, although in 

sorne areas milk by-products are also fed, 

There are a number of points that shouln be made 

regarding the survey figures. The Auckland sample com

prised sorne pigs from the Auckland area, but most of 

them came from the Waikato, Bay of Plenty, and North 

Auckland dairying districts, and were fed mainly on 

milk.. The sample from Taranaki included 200 from 

Patea, a location choseri specifically for the reason 

t hat virtually all pigs there were fed whey. The Well

ington sample included 225 pigs that were known to be 

from garèaGe-feading establishments. The p igs from 

Invercurgill were all milk-fe d. 

If t he feeding of skim mi lk were responsible f or 
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the low incidence, a similar incidence in garbage-fed 

pigs might be explained by the fact that the pigs 

bought by the garbage feedera would come from a pop

ulation in which the ir.cidence was low, and i t would 

be unlikely that infected pigs would b9 bought. Even 

under suitable conditions for spread the infection 

might never make its appearance. 

An additional very interesting point has been 

brought out by Ineson (personal communication) who ex

anüned feral pigs from both Islands. Nine out of a 

sample of 21 pigs, or 43 %, were infested. He also 

found Ascaris ova in 14 out of 40 faecal samples from 

feral pigs. He examined 1,024 domestic pigs, slaughter

ed in Wellington, in which the incidence was 1.3 %. 
His resulta lend support to the theory that a lack of 

milk favoured infection, but wculd fail to support an 

alternative one that the important place of grazing in 

pig-feeding practice in New Zealand was the operative 

factor. 

Feeding Skim Milk to Parasitised Pigs 

To investigate further the effect of feeding 

skim milk on nematode infections in pigs a number of 

animale were purchased after faecal examination showed 

them to be infected with Ascaris and/cr Oesophagostomum. 

The pigs were placed in metabolism crate ~ whi ch allowed 

collecti on of the fae ces passed each day. The collections 
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were not quantitative but 70 - 90 % of the faecea 

passed was collected, screened and examined for para-

sites. As a rule ln th~se experimenta w~en there waa 

a large amount of faeces on1y a fraction of the total, 

usual1y 1/2 to 1/8 was examined. If the parasites were 

very numerous several aliquots of 1/100 of the total 

were taken after thorough mixing. Observations made in 

the study of six pigs are given helow. 

Pig No. 1 

A faecal examination showed the presence of both 

Ascaris and Oesoph<::~.gostomum eggs. It was fed a sole 

ration of fresh skim milk, and consumed 10 gallons 

over a period of three days. It began to scour three 

hours after the first meal, and on that day it passed 

50 Oesophagostomum; on the secoP-d day it passed 41 

Oesophagostomum and one male Ascaris; on the third day 

it passed 68 Oesophagostomum, and on the fotœth day 2 

Oesophagostomum. ~~en the animal was killed it still 

harboured 1 1 332: Oe s ophagostomum, 5 mat ure and 2 innnature 

Ascaris. There were 10 lungworms in the bronchi. 

Because of the bulky nature o~ the content s of the 

larse intestine of the p:tg and the è.iff iculty of detect

ing and counting small worms like Oesoprragostamum in 

the very fibrous ma t erial, t he opportunity was t aken 

during t he autopsy on this animal to determine the 

distribution of t he parasite in the bowel. 
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Four regions were examined separately: (1) the caecum 

from the blind tip of the visous to the ileo-caecal 

valve, (2) from the 

ileo-caecal valve to a point half way to the centre of 

the coiled portion of the colon, (3) from this 

point to the centre of the coiled portion of the colon, 

(4) from the 

centre of the coiled portion to ~ point half way out 

of the coiled portion. In this animal this was the 

point where faecal pellets were beginning to for.m. The 

number of Oesophagostomum in each of the foDr regions 

waa as follows: - Region No. 1 •••• 28 worms 

No. 2. 

No. 3 

No. 4 

• • 

• • 

•• 

1,300 worms 

4 WOT'IllS 

• • 0 worms 

With this information the counting procedure could be 

simplified by discarding much of the bulky bowel con

tents from regions outside the normal habitat of the 

parasite. 

Pig No. 2 

The pig waa placed in the crate and fed a grain 

ration t'or two days, then for three successive daya it 

was fed 3 lb of dried skim milk in about 2 gallons of 

water. On the second day of the milk feeding the animal 

scoured and passAd 6 Oesophagostomum. On the following 

day i t scoureÇl more seve rely and passed a fu!>ther 15 
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Oesophagostomum and one Tricburis. The pig was killed 

two da~ts later and the large and small lntestines and 

the lunga exa:m:tned for worms. It harboured 5 Ascaris 1 

28 Trichuria, 6 Oesophagostomum, and one lungworm. 

Pig No. 3 

An examina ti on of the fe.eces of pig No. 3 showed 

the presence of both Ascaris and Oesopheeostamum eggs. 

It was fed dried skim milk in water at the rate of 3 lb 

per day for tbree days. Within three hours of the first 

feeding it scoured, and during that day 296 Oesophago

stomum and one Trichuris were passed. During the next 

day 238 Oesophagostamum, 3 Trichuris and one immature 

Ascaris were passed. When the animal w.as slaughtered, 

two days later, 850 Oesopheeostomum were collected from 

the colon, e.nd t hree ma ture Ascaris fro!l1 the small in

testine. 

Pig No. 4/5 

This pig was v.sed for two expe rirnental feedings 1 

and so the resulta from this animal provide a double 

record in the table. Faecal exaruination showed the 

presence of a very sreall nunber of Oesophagostamum 

eggs but a modera te nurnber of Ascaris eggs. The pig 

was fed one lb of lactose in one gallon of water on 

each of three successive days. During the period of 

t he experiment there was no diarrhoea but seme mucus 

was passed in the faeces. Only four Oesophagostomum 
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''Vere paased., and, since it was lmown that a number of 

Ascaris were present the animal was retained for a 

further experiment. It was fed ~ grain ration for the 

period of 5 days between the two trials. The second 

treatment ccnsisted of feeding a quantity of dried skim 

milk with a minimum of water added. A total of 9 lb 

was fed over a period of 4 days. No worms were pasaed 

and the animal w.as slaughtered. On post-mortem exam

ination 16 raature Ascaris were collected., there were 

no Oesophagostomum., and there were 4 lungworms in the 

bronchi. 

Pig No. 6 

Pig No. 6 was fed 1 lb of lactose in water on 

each of 4 successive days. There were 23 Oesophago

stomum passed in the faeces. 'Nhen the animal was killed 

two days later 23 Oesophagostomum rern~ined in the colon, 

There were 4 Ascaris in the small intestine, and 25 

lungwor.ms in the bronchi. 

Pig No. 7 

Pig No. 7 was placed ln the crate and fed one lb 

of casein mixed with water. T'ne mixture was eaten slow

ly on the first day and was obviously unpalatable. The 

second pound was not eaten completely even after a 

further two days without other fooâ. The pig pasaed 14 

Oesophs.gostomum between the first and the third day of 

the trial. On post-morten 2,040 Oesophagostamum 
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remained and the~e were approximate1y 200 lung;;orms 

in the bronchi, 

TABIE 13 

Ratio of Worms Passed to Total Worms Present. 

Pi~ No. Treatment Oe soEha~o- Ascaris Tri- r.ungworms 
stomum churis remaining 

1 Fresh skill! 161:1493 1:8 10 
mi1k (11 %> {12 %> 

2 Dried skim. 21:.2'7 0:5. lt29 1 
m11k {78 %> (3 %> 

3 Dried skim 536:-1386 l:A 3::3 .. 
milk {38 %> {25 %) {100 %> 

4 Dr led skim 0::0 0:·16 - 4 
milk 

5 Lactose 4::4 0:16 ... 4 
{100 %> 

6 Lactose 23::46 0:·4 ... 25 
(50 %) 

7 Ca sein 14t2055 0::0 ... 200 
(7 %> 

The resulta of these trials are difficult to 

appra.ise because of the small number of animals avail-

able, and the varied infections that they carried. The 

perc entages of t he worms removed are not impres sive 

·vh en viewed according to the standards r equire d of 

anth elmintica, but the fa.ct that s orne worms were eli.min-

a:ted fo l lowing t he feeding of ski m m:t lk, e i ther as the 

fre sh liquid material or when reconstituted f rom the 

dried powder, is important. Larger quantities or~ 
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more prolonged feeding regime may result in the re

moval of greater numbers of worms. A lim.ited att

empt to determine the factor in the milk that is res

ponsihl'9 gave inconclusive resulta, although pure 

lactose gave results which indicated that this con

stituent might be the important one. 

The proof that dried skim milk will cause elimin

ation of worms provided a suitable starting point for 

further investigation which would be simplified if a 

convenient host-parasite system could be foQnd in a 

sma11 laboratory animal. 

Ascaris lumbricoides in Rats 

Infection with Ascaris lumbricoides in rats was 

chosen for study since it provides a convenient host

parasite system, and, although it is an abnormal one, 

ita pathology is well known. The lesions are severe 

and are caused principally by the rnechanical damage re

sulting from the migration of larvae through the liver 

and the lungs. 

Preli!!linary Trials 

The first trial carried out was designed to deter

mine whether a diet of ski~ milk fed during the stage of 

infection would have any effect on the subsequent devel

opment of the disease. Such an effect might occur if 

the milk diet produced conditions in the gut th~t were 

unfavourable to the hatching of the eggs or the subsequent 
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penetration of the larvae. In addition the trial 

served to show whtch criteria were most satisfactory 

for assessing the damage ca~~Ad by the larvae. It 

also proYideà data on the dose of infective eggs 

necessary to produce a severe but not fatal disease. 

Eighteen young ~ale rats weighing 150 g were 

weighed and divided into two even groups. Group 1 was 

fed a standard ration of conunercial feed pellets. 

Group 2 was fed nothing but liquid milk for 48 hours 

before and 24 hours after infection. They were then 

fed the standard pelleted ration. Bath groups were 

divided into three subgroups - a control untreated 

group, a group given 12,000 eggs, and a group given 

24,000 eggs by stomach tube. All rats were killed 8 

days after infection, liver and lun~ weights were re

corded, and the number of larvae in the lunga estimated 

after peptic digestion. 

The weight changes recorded suggested that the 

liveweight gain noted 8 days after infection mi ght 

prove to be the most suitable quantitative measure of 

the affect of the infection. This figMre would include, 

in addition to true body weight changes, losa of gastro

intestinal contents resulting from reduced food intake 

and possibly also loss from dehydration. These affects, 

however, were part of the syndrome under study and 

t h ere was ther efo r e no reason why crude body weight 
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changes should not b~ used to mea.sure the severity of 

the disease. The weight gains 1 expressed as a percent-

age of the initial weight, were as follows: -

Norœal 
ration 

Milk 

Control 

20 % 
25% 

12,000 

11 % 
3% 1 

24,000 

0% 

-6 % 
An analysis of variance revealed that there were 

significant differences between treatments (dose rates), 

but not between the diets. Actual lung weights showed 

a difference between diets, but not between treatments, 

whereas lung weights relative to body weight showed a 

difference between treat~ents, but not between diets. 

The apparent reversal of effect sean here was a re-

flecti0n of t:!:J.e liveweight changes. 

In the second trial the same treatments were re-

peated, except that Gaines' dog food was used as the 

standard ration, since it was easier to handle in the 

measurement of residues for calculating food consumption 

of the groups. The rats used in this trial were immature 

males with an average body weight at tbe beginning of 

the trial of 112 g. The same doses of eggs were used 

as in the f irst trial·, but the effect on liveweight 

was greater since the animals were llghter initially. 

Food intakes of the groups between the 4th and 8th day 

after infection wer9 measure d. Liveweight changes 
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were taken at the 8th day, and at avtopsy lung and 

liver weightfl were recorded and the number of larvee 

in the lungs estimated. The mean percenta ge live-

weight gains were as follows: -

Control 12,000 242000 

Normal Ration 10 % -10 % -16 % 
Milk 13 % -5 % -7 % 

Analysis of t he resulta showed that there were 

significant diffe rences in weight gain bath between 

treatments and between diets. Actual Jung weights 

showed no difference, but the treatment differences 

in r elative lung weights we r e signific~nt a t the 5 % 
level. 

The f0od consumptio:c. for the groups between the 

4th and the 8th days after infection were as follovrs : -

Normal 
ration 

VIilk 

Control 

17 e/rat/day 

17 g/rat/da~ 

122000 24 2000 

s.o 4.8 

10.6 10.4 

There were wide va riations in t he numbers of 

1arvae recover ed from the lungs j'_n both t rials, but 

no obvious differ ences wer e s een be t ·rJeen t he two die ts 

in t h i s respect. 

Effect of Ascaris Infect i on on Growth and Feed Consumption 

Twelve male a nd twelve f emale r a ts with an initial 

mean weight of ll R g were used . They were caged individ-
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Qally and fed Gaines' commercial dog food, and individ-

ual food consumption records v:e x·e kept. They v1ere 

divided on a body weight basis j_nto 6 groups of 4 rata 

each. Groups of each sex were infected with 6 1 000 egga 

and 12,000 egga, and tv10 groups were kept as controls. 

The mean livewèight gains between the 5th and the 

lOth days after infection were as follows: -

Controls 6,000 12!000 

Males 15 % 2 % 3 % 
Fems..les 11 rJf 

,o 5 % 3 % 
An ahalysis of variance showed significant diff-

erences betwaen control and infected rats, ~ut not be-

twcen levels of infection nor between sexes. Da ily 

food ccnsumptions between the 5th and the lOth days 

showed a marked reduction foJ.lowing :tnfection : 

Males 

Fema1es 

Con trols 

18 g 

16 g 

6 ,000 

12 g 

13 g 

12 ,000 

11 g 

12 g 

The treatment differences were significant but 

the sex differences were not. However, when food con-

sun:.ptions bet'l'reen infection and 20 days were consider-

ed, the differenc e s were no l onger apparent. Mean du11y 

food consumptions between infect i on and 20 days : 

Mal e s 

Fema les 

Controls 

18 g 

16 g 

6,000 

17 g 

16 g 

12,000 

17 g 

16 g 
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Twenty days after infection ·;:hen the livewei,:Sht 

differences had disappeared the animals were re-grouped 

and hulf of each original group infected with 24,000 

eggs. On this occasion the percentage wei&~t gains be-

tween the 5th and the lOth day after infection shcwed 

significant differences b~t';7ecn the infec ted and the 

controls among the rats that were previously infected, 

and although their numbers were small, previously un-

infected rats showed differences of a much greater 

magnitude. 

Previously Infected Previously Uninfected 

Na le !t,emale IJfD.le Female 

Infected 1 iJf ;'J 3 % -12 a;, _.,., % 
Control a 8 % 4 % 13 % 6 11/ 

t ? 

Effect of Plane of Nutrition 

Two experimenta were designed to study the effect 

of Ascaris infections en rata that were maintained on 

high and lO\"w'" planes of nutrition. In the first trial 16 

male &.nd 22 female rats were used. The low plane diet 

used was whole wheat flour fed at somewhat below appetite 

to give a slow rate of gain . The high plane diet waa 

~hole wheat 69, dried skim milk 23, maize oil 4.5 (con

taining 40 units per rat per day of vitamin A~, calcium 

lactate 2 .5, calcium phosphate (monoba~ic) 0.8, and 

salt 0.2. It w&.s fed &d libitum and resulted in good 

grov:th rates. Hal f of the rats on each diet were 
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infected with 12,000 eggB three d&y~ after the experi

mental fF?eding began. i~t thi~ point the male ra,ts:; 

weighed 130 g. and the female rat3 110 g. 

The percentage weight gain during the 7 days after 

infection :!howed significant differences between treatments-;, 

diet~, and 3exe3. 

Infected 

High plane 

Low plane 

Male 

0% 

-6% 

Female 

5 % 

Control 

Male Female 

28 % 13 % 
8 % 

' 9 % 
Six week~ after the fir~t infection, when full re-

covery had taken place in a.ll animal~, t he 3a:me rats were 

reinfected hut, 3ince there w~re wide difference~ in body 

weight, three level~ of infection, 9,000, 12,000, and 

18,000 egg3, were used, ël.epending on the s:tze o:f the 

animal. The percentage v_re ight gain during the 7 day3 

after infection 3howed a diff erence betv:een 1iet3 but not 

between treatmente, indic~ting that t he second infection 

produced no eff ect a t all. 

Infected Control 

Male Fen:ale Male Female 

High plane 0 % -2 % 4 % - 2 % 
Low plane -7 % -4 % -8 % -1. 5 % 

The second tri~l in thi3 series w&s similar to the 

fi r 3t one except tha t the infections were not given until 

3ome body wei&~t diff erence had been e3tabli 3hed between 
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the diet groups. Twenty rats of mixed sexes were used 

and at the time of the first infection, three weeks after 

the differential feeding began, the average weight of the 

low plane rats was 100 g., and that of the high plane rata 

150 g. Seven days after infection the percentage weight 

gains were : 

Infected Control 

High plane -3 % 17 % 

Low plane -10 % 2 % 
The second infection, which was carried out one 

month after the first, consisted of 6,000 eggs for the 

rats on the low plane diet, and 12,000 eggs for those on 

the high plane. The mean percentage weight gain 7 daya 

after infection waa : 

High plane 

Low plane 

Infected 

4 % 

-5 % 

Control 

1 % 
-3 % 

The differences between diets wer e significant but 

those between treatments wer e not. 

Vitamin A Deficiency 

A single trial was carried out on the effect of a 

diet deficient i n vitamin A on the response to an artific

ial infection with Ascaris. Soon after the birth of their 

litters, breeding does were placed on a die t deficient in 

vitamin A and the young rats were maintaine d on the same 

diet after weaning . The diet consisted of sucrose 68, 
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easein 15, corn oil 5, yeast 8, and u.s.P. salt 

mixture #2, 4. The groups were infected with 6,000 

eggs at the point when about ha1f the deficient group 

we~e ahowing moderate signs of xeropbthalmia. After 

do~ing there were a number of deaths in tbe vitamin de-
' ficient groups. Fol1owing are the records of the per-

centage weigbt gains in the 10 days after infection and 

the number of deaths occurring in the same period. There 

were no deaths in the groups with adequate vitamin A. 

Adequate vitamin A 

Deficient vitaœin A 

De ad 

Infected 7 

Control 1 

Total 8 

Infected 

4 % 
-21 % 

Alive 

4 

10 

14 

X
2 

... 4 9 • 

Control 

20 % 
-ll % 

Total 

11 

11 

2a 

It :i_s c1ear from the8e resulta that the vita:m.in A 

deficiency in the rats resu1ted in an increase in the sus-

ceptibility and a1so in a poorer surviv&l rate under the 

stress of infection. It is true that the vitam.in aupple-

mented groups weighed somewhat more than the deficient 

groups and all were given the same dose of eggs. In the 

supplemented groups the males averaged 89 g. and the 
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females 86 g., while in the deficient groupE the malee 

weighed 76 g. and the females 67 g. There i~ a reduct

ion in the apparent effect becauae of the heavy mortal .. 

i ty in the infected groups since the casualt:i.ea inc luded 

most of the lighter animale ~nd conDequently the mean 

weight of the survivors was greater than if there had 

been no mortality. 

Di~cussion 

The ex:perimAnts w:!th Ascaris lumbricoides infection 

in rats have shown that there is virtually no effect from 

the feeding of sklm milk du.-ring infect:ton. The hopeB that 

the infection might be a us8ful one in th9 ~tudy of milk 

consumption in re la tien to paraa:t tic ~.nfection were not 

realised. A low plane diet resulteà :tn more severe dis

ease and delayed recovery. A second infection had a much 

emaller effect than the prlmary one due, undoubtedly, to 

the development of an acquired immunity. The resulta with 

vitamin A deficiency showed that in severely depleted rate 

the mortality rate was greatly increaaed under the stress 

of infection. 

Trichinella Infection in Rats 

Starvation 

An experiment was carried out to observe the effect 

of complete starvation at the time of :l.!'lfection on the 

establishment of Trichinella snir&lis. Seventeen aàult 

male rat~ wc~3 u~ed. One group was starved for 72 hours 
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before and 48 hours after infection, while tha control 

group wa:3 fed ad libitum. Ralf of each group was killed 

after a week and adult parasites in the intestine were 

counted. The remainder was killed after 4 weeka and 

counta made of the larvae in the muBculature. Each car-

ca~e was ~kinned, beheaded, and eviBcerated, then it was 

minced and digested with pepsin for 18 - 24 hours at 

39°C. The number of larvae prasent was counted using a 

dilution method. The counti~~ ~ethod con~isted of making 

the digest fluid up to 1,200 ml., mixing thorou.ghly, and 

taking 12 samplos of 0.1 ml., placing them in a Kline 

concavity slide, and then counting the larvae under the 

dissecting microscope. The total in the samples conBtit

uted 1/1,000 of th~ larv&9 present. 

The resulta were as follows : 

Starved 

Adult Worms 

7 
6 
3 
5 
5 

Larvae 

74,000 
21900 
4,700 
1,700 

Control 

Adult Worm~ 

5 
4 
2 
5 

Larvae 

2,100 
1,300 
2,300 
3,600 

The rate of establishment of adult wo~s waB low 

and may have been due in part to the a ge of the rats, and 

in part to the prolonged period that the larvae were kept 

in the peptic fluid which may have impaired their viability. 

However there is no evidence that there was any interference 
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with the development due to the starvation over the time 

of infection. 

Effect of Plane of Nutrition 

After the coœpletion of the experiment with Ascaris 

lumbrico:tde.s the remaining control animals were infected 

with T. spiralis. At the time or infection the low plane 

animal~ averaged 150 3• and the high plane animals 250 g. 

All rats were infected with lOO larvE;.e liberf'.ted from in-

fected meat by peptic àieestion. The rats were maintain-

ed on the two planes of nutrition for 12 days after in-

faction and then both groups were fed the same diet of 

commercial feed pellets. Four to six weeka after infect-

ion the rats were killed and the num.ber of larvae which 

had developed was co~~ted. The resulta were as follows : 

Low Plans High Plane 

Male rats Female rats Male rats Female rats 

74,400 35,000 5,000 7,700 
79,500 13,200 6,400 6,200 
97,100 10,000 10,000 4,500 

33,600 
106,000 

The difference between planes of nutrition was 

.highly significant. Since the low plane di et waa def-

i cient in energy, protein, minerals, and vitamin A, a 

trial was set u:o to study the effects of various factors, 

separately and in combination, as supplements to a basal 

r a tion of whole wheat flour. Twenty-night f emale rats 
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were used with 3 or 4 in each group. ~he basal group 

wa.s fed whole 'Nheat flour ad libitum and the other 

group~ were fed the basal diet with or without 25% 

dried skim milk, 'Ni th or witho11t vitamin A and with or 

without 5% of a mineral supplement consieting of cal-

cium lactate 70, diba.sic calcium phosphate 2~, and 

eodium chloride 8. After the diete had been fed for 7 

weeke the rate were infected with 100 larvae. A month 

later they we:.."e k~_ lled and the larvae present in the 

muecles were counted. 

The resulte are given in the fo11owing table : 

No M11k M11k 

No Mineral~ Minera1s No Minerale Minerals 

No Vitamin A 1,175 1,075 950 750 
950 155 450 1,100 

1,975 360 250 700 
300 1,250 800 

Vitamin A 10 1,400 1,500 2,750 
20 1,500 1,750 2,100 
76 10,400 4,450 3,100 

3 5,750 5,700 

The re~mlt~ of the trial are difficult to interpret 

because of the amall number of rats in the groupa and the 

wide variability within groups. The very 1ow counts in 

Ofle g:::•oup .sr-e difficu1t to exp1ain, and a further trial 

will be necesaary before any conclusion can be drawn. 

The fi~1res su ggeat that more larvae have developed in 

the group! eupplemented witr Jn11k and minerals but not 
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with vitam1n A. The body weight à:i.fferences between 

the basal and the :;t~.pplemanted groups were smaJ.ler the.n 

in the ~reviou~ trial because of the fact that the diet 

was fed ad libitum whereas in tt.~ ea.rlier trial intake 

was restricted in the low !llano group. A repetition of 

this trial 1s desirable but has not yet been attempted. 

The Effect of Trichinella Infection on Appetite 

There is a considerable loss in oody weight in 

rats ir!~c ted with T. ~piralis and with it is associated 

a loes of appetite that is very markeè in heavy infections. 

In one non-fatal case there was a weight loss of 30 % 
following infection with 8,000 larvae. In arder to ob-

tain more figure8 of both body wei&ht lo8S and reduction 

in food intake 11 young Male rats were u~ed with infect

ions at two cUffercnt levels for comparison with uninfect-

ed controls. Food conf'umption was measured over two 5-day 

period~ before t~e two groups of 4 r~ts were infected 

wi th 1,000 and 4,000 larva e each. The le.rvae used were 

f reshly isolated fron infected œeat by 6 hours' digest-

ion in artificial G&3tric juice. The results are ~et -

out in the following table . . 
Avera6e Dail;y: Foo d Conaum]2tion in Trichinella Infection 

{ Grara8 per rat per day) 

Per:tod 1 2 3 4 5 6 

Control GrouE 25 25 24 25 23. 25 
Infected ]J)OO 21 22 21 21 22 23 
Infectea ~oo 22 22 13 14 17 23 
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The food intake of the roost severely affected 

animal in the trial fell to 3 g . per day over one 5-day 

period. This was only 14 % of ita normal no!lsumption. 

The Effect of Vitamin A Deficiency on Trichinella 
Infection 

Young rats of mixed sexes were used i n the trial. 

They had been raised by dams that were placed on the 

vitamin deficient diet at parturition and the young rats 

were maintaineo on the ~ame diet after weaning . A ~upp-

lement of vitamin A was givcn to one group while the 

other wal! kept a~ t:.. central. They were infected with 

600 l a rvae when their average weight wa s 200 g. After 

6 weeks all the rats were killed and the nurnber of 

larvae present in t he carc~;ts e determ:tned after digest-

ion. The result a of the lar val counts are given i n the 

table. 

Law Vitamin A 

High Vi tamin A 

Male Rats 

437,500 
52,000 
83,000 

11,'750 
6,750 
6 ,750 

Female Rata 

4,000 
53,000 

8 ,500 
8,500 
:::: ,ooo 

During t he infect ion t he f i r8 t femal e rat on t h e 

l ow vitami n di e t regur gitated some of t hP- suspens ion of 

l&rvae s o that t he fi gure of ~ , 000 for t his rat was not 

comparable with the remainder of t;he group . In spite of 

the srnall numbers of r a t s i n t he group s the d i ffe:r- once 
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between diets was a striking one and it approached 

significance at the 1 % level. It was of interest to 

record also that, at slaughter, all the low vitamin 

rata showed a very heavy infestation with lice, while 

there were very few lice on the rats that recèived the 

supplement. 

In a second experiment the effect of a shorter 

period of depletion was studied. On this occasion the 

rats were fed comraercial feed pellets and when their 

average weight was 150 g. they were placed on the vit-

amin deficient diet with one group receiving a supple-

ment of 40 units per rat per day. After 4 weeks on the 

diet all rats were infected with 2,300 larvae by stomach 

tube. They were killed 3 weeks later and counts made of 

the larvae present in the muscles. The resulta are given 

in the table : 

High Vitamin A 

74,000 
35,000 
65,000 
50,000 
14,000 

Low Vitamin A 

13,500 
2,500 

3o;ooo 
25,000 

The difference between the groups is not signif

icant but it does approach significance at the 5% level. 

A third trial was carried out with 28 rats of 

mixed sexes that were similar in age and weight to those 

in the last experiment. They were treated in a similar 

manner but were kept on the deficient diet for 6 weeks 
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before they were infected. They were infected with 

2,000 larvae and were killed 3 - 4 weeks later. The 

resulta are given in the table. Differences were not 

significant. 

Low Vita.min A 

High Vitamin A 

Male Rats 

5,800 
7,500 
2,500 
3,300 
1,700 
5,800 
6,400 

4,000 
9,000 
4,000 

11,000 

Female Rats 

29,000 
5,000 
3,000 
9,000 

15,000 
34,000 
16,000 

27,000 
36;ooo 
12,000 
23,000 
35,000 

4,000 
18;ooo 
15,000 

The difference between the diets waa not signif-

icant while the difference between sexes may be due to 

the fact that the males were killed nearly a week before 

the females ao that more mature larvae would be present 

in the latter. 

Oxygen Consumption of Trichinosed Rat~ 

Uaing an even line of young male rats an attempt 

was made to determine the effect of infection with 

Trichinella on the oxygen consumption, using the method 

of Farmer and Crampton (1948). The rats were divided 

into 5 groupa of 4 animals. Two groups were infected 

with 1,000 larvae and two groups with 4,000 larvae. 
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A 3-day interval separated the two groups on the ~ame 

dose level. The fifth group was an uninfected control 

group. The reason for staggering the infections was to 

obtain bi-weekly readings with only a single weekly 

test day. 

The tests were carried out in the mornings after 

overnight starvation and readings were taken of the 

times required for the consumption of 200 ml. oxygen. 

The resulta fail to show any short term changes but there 

were significant differences between groups when the com

bined figures for the first four tests were considered, 

although differences on any one day were not great enough 

to reach significant levels. Furthermore, the difference 

was only seen in the more heavily infected group and it 

disappeared on the fourth week after infection. 

One might expect an increase in the metabolic rate 

to follow infection but it was considered that the low 

figures recorded were the result of reduced activity 

due to the malaise and to muscular pain both of which 

are prominent sy.mptoms of Trichinosie. 

After the tests were completed the rats were 

killed and the number of larvae present in the muscles 

estimated. The average number of larvae in the rats 

dosed with 1,000 larvae was 80,000, and in those dosed 

with 4,000 larvae, 250,000. 



- 12la -

t 
1 

1 
1 
1 
1 
1 
1 
1 
1 ~ 
1 ,...-t ~ 

1 0 .j.) 

' H 0 
1 +J ~ 

1 ~ C+-4 
1 0 :::: 

()') 0 H 

(1) 

~ 

~ 
...... 
::t. 

.qt 

' :::: 
' ' 

0 
\ ...-l 

' 
.j.) 

\ 0 

' ~ 

' ~ 

' ~ 

' ...... 
\ 
1 ~H 

1 G) 

1 .j.) 

1 ~ 

1 CIS 

1 U) 

1 .!< 
1 (l) 

1 (l) 

1 :.;; 
1 C\l • 
' 1 

' 1 
1 

' 1 
1 

' ' ' ' ,...-t 

1 
1 

1 
1 

1 
1 

1 
1 ,. 

1 
1 

1 

"' -.ji (\) 0 
Ç;,L"O~Jl/U1UI/1:ill uo1q..dumsuo~ ua~F.xo r-t ,...-t ,...-t r-t 

.. 



- 122 -

Discus~ion 

The experimenta with Trichinella infectlons have 

corfirmed that there was greater fecundity in the females 

when the host was maintained on a low plane of nutrition, 

and, in the case of a vitamin A deficiency, there waa a 

marked increase in the number of larvae which developed 

from an artificial infection. When the reserves of 

vitamin A were incompletely exhausted these differences 

were not apparent, and there even appeared to be an in

creased resistancè. wi th a partial deficiency of vi tamin A, 

although the resulta failed to reach the 5 % level of 

significance. It is difficult to suggest an explanation 

for this fact, but the same phenomenon ha s been noted by 

Riley (1943) in the case of Nippostrongylus infection. 

Trichinella is a very pathogenic parasite both 

during the intestinal phase and when the muscles are 

being invaded. During the intestinal phase t here is a 

marked loss in weight and a serious reduction in food 

consumption through losa of appetite. Non-fatal cases 

in rats have los t 30 % of their body weight in 2 - 3 

weeks. The observa t ions on oxygen consumption have 

shown that there is a reduction in oxygen consumption 

in the 3 - 4 weeks after infection. There are at lea~t 

three factors that may influence oxygen consumption. 

There may be an i ncrease in metabolic rate associated 

with t he inf ection, and oxygen consumption would be 



- 123-

increased in the later stages of the infection when 

body fat is being consumed as a source of energy, foll

owing reduced food intake. The third factor which app

ears to more than balance the two already mentioned is 

the reduction in activity that is associated with mal

aise and muscular pain. The lethargy and disinclinat

ion to move on the part of the heavily infected animals 

was noted during the tests. 

THE EFFECT OF A FISH DIET ON THE PARASITES OF DOGS 

It has been reported (Wolfgang, unpublished) that 

there was sorne evidence suggesting that a change to a 

fish diet was associated with a reduction in the incid

ence of intestinal parasites, and that there appeared 

to be an inflammation of the intestines of dogs on such 

a diet. 

set up. 

In order to study the problem an experiment was 

Three litters of Beagle puppies 6 - 8 weeks of 

age were used. They were divided into 4 groups fed as 

follows: Group 1 - basal diet of commercial calf meal; 

Group 2 - equal parts of basal meal and head, fins and 

scales; Group 3 - equal parts of basal meal and fish 

gut, liver and ovary; Group 4 - equal parts of basal 

meal and fish fillets. Freshwater fish, mainly carp and 

pike, were used. The fish was chopped in a tood chopper, 

mixed ~ith the meal, packed into 300 g. cartons and 

frozen until required for fee ding. The tria l ran f or 

40 days, except for Group 2 which was killed after 
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33 days when the batch of food waa exhausted. Body 

weights and individual food consumption were recorded. 

The puppies were treated for Ascarids before the trial 

began and throughout the trial faecal aamples were coll

ected weekly for wor.m egg counts. After 2 weeks on the 

diet several dogs lost weight, lost appetite, and devel

oped diarrhoea. The cause was not determined but it 

was not associated with the diet since there were sorne 

cases in 3 out of the 4 groups, including 2 cases in the 

group fed the basal meal. Seventeen days after the 

trial began all animals were infected with 3,000 em

bryonated eggs of ~cara canis. At the end of the 

trial all animals were killed and autopsied. The worms 

present were counted and tissue from 3 different sites in 

the small intestine was taken for histological examin

ation. 

There was no evidence either macroscopically or 

histologically of any inflammatory changes in the in

testinal mucoea. 

The numbers of specimens of Toxocara, both adults 

representing a residual infection and larval stages 

which were probably the outcome of the artificial in

fection, are given in the table. There was no obvious 

effect of the diets on either the adult or larval num

bers. Faecal egg counts were low throughout the trial 

and no differences were seen between the groupa. 
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TABLE 13 

Group Adults Larvae 

1 5 0 
0 4 
5 0 
3 0 

2 1 0 
4 1 
2 0 
7 0 

3 2 0 
4 0 
4 3 
5 5 

4 5 2 
5 10 
3 0 
1 4 

A single animal was used to study the effect of 

a fish diet on an established infection with Uncinaria 

stenocephela in the dog. The dog was infected artific-

ially from larvae cultured from the faeces of wild carni-

vora - fox, wolf, and coyote, from the Granby Zoo. 

After egg production by the wor.m~ had begun the infect-

ion was followed by means of faecal egg counts over a 

period. The dog was fed, at different times, a sole 

ration of fish material as indicated in the table (Table 14), 

which also gives the detailed egg counts. It is clear from 

the table that there was no marked effect of any of the 

diets containing fish material on the course of an est

ablished infection with Uncinaria. There was a steady 

and regular decline in the numbers of eggs passed, but 
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that is fairly typical of artificial infections, and 

no change recorded can be related to the diets fed to 

the dog. A sole diet of fish was not tested. Many 

dog~ in the northern districts subsist for considerable 

periods on nothing but fish, and infections with 

Uncinaria are very common in auch dogs. 

TABLE 14 

Date Eggs per gralll of Faeces 

June 14 Fed canned dog food and 7,500 
commercial dog pellets 

July 8 " Il 3,700 
10 Il If 4,000 
11 1t tt 3,400 

12 Fed fish fillets and meal 
mixture 

13 n " 2~200 
18 " tt 2,300 
24 n " 1,800 
26 tt " 3,200 
30 n " 700 

Sept. 24 " tt 3,800 

Sept. 25 Fed fish scales and meal 
mixture 

Oct. 11 " " 1,400 
24 " " 1,900 

31 Fed f'ish villcera and meal 
mixture 

Nov. 10 " Il 1,300 
12 " tt 700 

30 Fed canned dog food and comm-
ercial dog pellets 

Dec. 11 " " 900 

The author was absent during August and Sept-

ember but the same feeding regime was c ontinued during 

the period although no egg counts were carried out. 
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THE EFFECT OF VARIOUS DIETS ON OXYURID INFECTIONS 
IN MICE 

In order to study the effect of skim milk on an 

established infection it waa desirable to find a suitable 

host-parasite system in a small laboratory animal so that 

experimenta could be carried out with larger numbers. 

Oxyurid infections in mice appeared to offer the most 

promise. A colony of white mice was available in which 

there waa a heavy natural infection with both Syphacia 

obveolata and Aapiculuria tetraptera. Experimenta were 

carried out by aelecting suitable animals usually from 

the weaner stage to young adults. They were divided at 

random into groups, and each group fed the selected 

diet for 4 daya. On the fifth day all the mice were 

killed, the caecae and colons were removed and the worms 

counted, either individually, or, if more than lOO were 

present, one tenth of the total number was counted. 

All counting waa done under the dissecting microscope. 

Both sexes, both speciea, and adult and immature worms 

are combined in the tables. 

In the firat experiment a diet of dried skim milk 

waa compared with one of co~~ercial feed pellets, using 

10 mice in each group. All the mice on the skim milk 

diet developed a severe diarrhoea and the large intest-

ines on post-mortem contained fluid contents which waa 

yellowish in colour and frequently contained a large 
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numb~r of gas bubb1es. 

Analyeis of the results was carried out using 

logarithmic transformations 

dilution counts were made 

log {x+ 1), or where 

log a{x + 1); "~" is 

the number of worms counted and "a" the dilution 

factor. 

The worms present after 4 days on the experiment

al diets were as follows : 

Commercial Feed Pellets 

69 
76 
87 
89 

150 
157 
212 
264 
462 
484 

Dried Skim Milk 

0 
0 
0 
0 
0 
0 
0 
1 
8 

13 

A second experiment was carried out using 4 

groupa to compare the effect of different proportions 

of skim milk and whole wheat flour. The results were 

as follows : 

Who le Wheat Flour 33% Skim Milk 67% Skim Milk Skim Milk 

8 0 0 0 
120 0 0 0 
170 0 0 0 
250 1 5 0 
280 60 6 0 
360 60 20 0 
480 140 150 0 
500 160 150 8 
680 210 180 118 

1,200 240 270 360 
1,370 520 1,400 1,430 
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The mice in this trial also scoured, the degree 

of scouring being proportional to the amount of skim 

milk in the diet. It is believed that the failure in 

seme animals in the milk groups was due to the fact 

that the anirnals were somewhat overcrowded and there-

fore the lesa aggressive members of the group would not 

have con~umed the ration to appetite. 

A third trial was carried out to compare the eff-

ects of various carbohydrates and of whole egg which 

contains virtually no carbohydrate, with the standard 

wheat flour and skim milk groups. Six groupa of six 

animals were used with the following resulta : 

Whole Wheat Lactose Suc rose Starch Who le Skim 
Flour ~ M'Iïk -

0 7 0 1 0 0 
4 12 0 21 0 0 

54 29 0 23 0 0 
100 44 45 0 2 
130 48 64 1 13 
150 130 

The mice that were fed lactose consumed very little 

and consequently the death losse s were high. The egg 

and the milk groups harboured significantly fewer worms 

than the ether groups. 

In view of t h e striking resulta with whole egg 

a further experiment was carried out to compare the 

effect of egg albumen and egg yolk fed sepa rately with 

a wh ol e wh ea t mea l group. 
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The resulta were as follows : 

Who le Wheat Flour Egg Albumen Egg Yolk 

0 0 0 
0 0 0 
1 0 

13 0 0 
25 0 0 
36 23 0 

130 90 0 
400 0 

0 

The mice that were fed albumen appeared to 

suffer from an intercurrent infection since there were 

3 deaths and several of the survivors showed a bloody 

diarrhoea when they were killed. The resulte with al-

bumen therefore were inconclusive although the effect 

of the egg yolk was again very striking. A further 

attempt therefore was made to determine the effect of 

egg albumen and on this occa~ion it was combined with 

an equal amount of wheat flour on a dry matter basis. 

The resulta were as follows : 

Who le Wheat Flour and · Albumen Vfuole Wheat Flour 

0 0 
0 0 
0 1 
1 9 
4 360 

140 760 

Owing to the low incidence of parasites in the 

control group the resulta with albumen were still in-

conclusive. A further trial was carried out with egg 

albumen and wheat flour with an additional group fed 
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oqual parts of sucrose and wheat flour. The resulta 

were as follows : 

Egg Albumen and 
Wheat Flour 1:1 

16 
33 

110 
120 
560 
660 

1,030 

Sucrose and 
Wheat Flour 1:1 

2 
5 

25 
94 

730 

Wheat Flour 

40 
75 

130 
170 
240 

There is no significant difference between the 

groups. 

In the next experiment comparisons were made of 

mixtures of wheat flour with lactose and with casein at 

a 1:1 ratio. The reaults were aa followa : 

Wheat Flour 

380 
420 
490 
740 
790 
810 
880 

Wheat Flour and Ca sein Wheat 

35 
86 

170 
240 
360 
470 
480 

Flour and Lactose 

0 
0 
0 
0 
1 
7 
7 

The resulta show a marked effect with lactose but 

none with casein. 

Di~cussion 

Further work on this phenomenon is desirable 

aince an elucidation of the mechanism by which the para-

sites are eliminated might possibly give a lead for the 

development of new anthelmintica or to a method of 

treatment by diet therapy. The observations are 
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important also because Oxyurids in mice are frequently 

employed in parasitological experiments, particularly 

in anthelmintic screening tests. Erroneous conclusions 

mi~~t be drawn if dietary factors were overlooked. Al

though the Oxyurids are usually considered to be virt

ually non-pathogenic there remains the possibility that 

in the interpretation of nutritional experimenta an 

affect might be attributed directly to the diet when 

in fact it might be an indirect one brought about by 

a reduction in the parasite load. 

SŒŒ SPECIAL PROBLEMS IN A GRAZING ENVIRONMENT 

The economy of New Zealand is one based primarily 

on livestock, and its livestock rely almost entirely on 

pasture as the main source of food. With a climate 

that is almost ideally suited to pasture growth, and 

with high natural or induced fertility, very heavy con

centrations of stock per acre are possible. Under these 

conditions the risk of parasitism is ever present. It 

is certain that the high nutritive quality of rapidly 

growing pasture playe a very important part in limiting 

the ravages of parasitism in auch an environment. 

The resulta of Clarke, Barton, and Wilson (1953) 

at Massey College, and those of Walker (1955) at Ruakura 

have shown that high stocking rates are not incompatible 

with a high standard of stock health, and are essential 

if high per acre production is to be achieved. In the 
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former study breeding ewes,grazed entirely on improved 

pastures at concentration8 of about 8 ewe equivalents 

per acre, were able to raise their lambs to give a 

high quality carcase of 33 - 36 lb dressed weight in 

lOO - llO days. No anthelmintics were uaed. The mor

tality in the ewes was 6 % and in the lambs it was 12 %, 
virtually all of which occurred at, or within, 3 days 

of birth. In the Ruakura atudy, ewea grazed at 4 or 6 

per acre with cattle, or 8 ewes per acre without cattle, 

were capable of producing 250 lb of high quality meat 

per acre on pasture alone. There waa a 5 % mortality 

in the ewes and 13 % in the lambs. Again it was not 

necessary to give any anthelmintic treatment before 

weaning. Total worm counts carried out by the writer 

on representative lambs from the flock showed that the 

infections were relatively light, although experience 

under similar conditions would suggest that a fairly 

rapid rise would take place soon after this time if 

the lambs were not slaughtered. 

Recent work in New Zealand (Clarke and Filmer, 1954) 

has added another example of sorne of the difficulties in 

the interpretation of field experimenta. The cause of 

"hogget unthriftiness 11 is still unknown, but the dis-

ease is characterised by losa of weight, anaemia, and 

diarrhoea. It occurs to same extent every autumn but 

it is more in evidence in a wet season than in a dry one. 
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It appears after weaning, increases in severity until 

April, May or June, and slow recovery takes place on 

the same pastures after the middle of June. Parasite 

counts have been made and show that the worm burdens 

mirror very closely the body weight changes. Regular, 

and even intense, courses of anthelmintic treatment 

with phenothiazine have failed to eliminate the disease, 

although on some occasions they have helped to check 

weight losses and have reduced the mortality. It has 

been observed that unthrifty lambs, removed from reg

ular sheep pastures and grazed throughout the autumn and 

winter on dairy pastures, have made much more satisfact

ory growth and suffered lower mortality than their mates 

grazed throughout this period on sheep pastures. This 

fact has been confirmed repeatedly at Ruakura and has 

provided a basis for field experimentation. The resulta 

so far have shown that dairy pastures are invariably 

more satisfactory than sheep pastures. They are even 

superior to sheep pastures that have been allowed to 

grow long to resemble very closely the dairy pastures. 

Long sheep pastures are, however, better than short 

sheep pastures. The intake on short pasture is lesa 

than on long pastures, and the times spent grazing are 

longer. Lambs on pastures that are relatively worm-free 

show a similar growth pattern, which suggests that the 

cause is a nutritional one rather than parasitic. 
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Taylor (1934) has made the suggestion that past

ures rich in elevera tend to increase the risk of para

sitic disease, and he outlines what he considera to be 

the mechanism by which the effect is brought about. The 

structural difference between the elever and grass plante 

resulta in a greater availability of infective larvae, 

since a greater number of the migrating stages are able 

to climb to the top of the clover leaf whereas there is 

a tendency for them to be deflected on to the lower out

er leaves of the grass plant. These larvae then only 

become available to the grazing animal when close graz

ing is practised. Taylor has also suggested that the 

prevalence of parasitism in certain districts, notably 

in Northumberland, is referable to the increased use of 

basic slag as a fertilizer and the consequent increase 

in the proportion of clover in the sward. 

In sharp contrast to the findings of Taylor are 

sorne experiences in lamb growth studies in the Poverty 

Bay district of New Zealand, where the growth of lamba 

on white clover pastures is definitely superior to that 

on pastures dominant in perennial ryegrass. The magni

tude of the differences observed can be seen from the 

growth curves in Figure 10, draWn from data collected by 

Sinclair (unpublished) who carried out controlled graz

ing trials on the two pastures . The supe riority of the 

clover pastures is obvious and the lack of any significant 
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difference between the wor.m burdens of the two groups 

when they were slaughtered suggests that this factor 

waa not involved in the differentiai growth rates. The 

true explanation of the difference has yet to be found. 

New Zealand presenta good opportunitiea for the 

atudy of the epidemiology of paraaitism in a grazing 

environment because although the islands are small, 

and the climate is an oceanic one, the presence of a 

north to south chain of high mountains resulta in a very 

wide difference in rainfall, ranging from 200 inches on 

the west coast of the South Island to as low as 10 inches 

not many miles away on the eastern slopes of the same 

mountains. There is no very great range in either 

diurnal or seasonal temperatures but there are widely 

differing soil types within a fairly small area. Few 

New Zealand soils have a high natural fertility, but the 

poorer soils have been brought into a high state of pro

duction by the use of artificial fertilizers, modern 

high producing strains of pasture plants, and special 

methods of grazing management that have been developed 

to cope with the rapid growth of the herbage. 

The resulta of the calf raising experiment at Rua

kura·are of value in that they provide a practical means 

of reducing calf wastage under intensive dairy farming 

conditions, Whereas, under the poor system of grazing 

management, many difficulties arise. The better t hrift 
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of the young animals follows autom&tically the enlight

ened system of pasture utilization and animal manage

ment, and it has been achieved without recourse to 

drug therapy. 

Another factor of considerable importance is that 

a reduced survival rate in the young animals of a herd 

retards genetic improvement. Under sorne circumstances 

the wastage may be so high that all survivors are re

quired for recruitment as herd replacements. The fruits 

of progress in selective breeding are concentrated in 

the young stock, and poor survival reduces the scope 

for selection, and slower growth to maturity lengthens. 

the generation interval and so reduces the rate of 

genetic improvement. 

It is obvious that an tmprovement in the level of 

nutrition is the natural solution to problems of this 

nature but in New Zealand it is difficult to implement 

in a simple manner that would be economie. Concentrates 

are always in short supply; they ~re highly priced and 

therefore of limited value in this respect. Forage 

cropa such as rape, kale, lupins, and turnips, are use

fu!, but the greatest potential lies in pasture and 

adaptations of methods of management to eliminate the 

seasonal fluctuations in available food supply. Past

ure conservation in the form of hay, silage and autumn

saved pasture is extremely valuable, but dried grass is 
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out of the question because of the high costa of fuel 

and labour. The improvement of pasture production by 

the sowing of improved atrains of herbage plants, by 

better use of fertilizers, by rotational grazing, and 

by the use of special purpose pastures, designed to 

provide extra feed during periods of shortage in the 

regular pastures, offers the best means of raising the 

plane of nutrition of grazing animals and thereby pro-

moting a state of resistance to parasitic infection. 

GENERAL DISCUSSION 

The relationships between parasitism and nutrit-

ion are complex. Sorne of t he aspects of t h e problem 

can be discussed under the following headings: 

The Effect of the Host Die t on the Nutrition of the 
Parasite 

Although the effect of the host's di et on t he 

parasite is the most direct of those under discussion 

there is still very little known about it. The work 

of Chandler a nd his school gives per haps the best syn-

thesis. As far as the tapeworm Hymenolepis is concern-

ed, carbohydrate a ppears to be the most important 

nutrient in this respect, while the parasi t e's protein 

requirements are provided directly from the host tissues 

and the worm is thus quite independant of dietary sources 

of protein. Anothe r example is tha t of Ascaridia in 

ch i ckens; t h e gr owth of t he wor m is r e s tri cted when t h e 
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host if fed a diet low in either calcium or phosphorus. 

The Effect of the Host Diet on the Resistance to Para
sitic Invasion 

Much more work has been done on this aspect of the 

problem but there are still many gaps in our knowledge. 

Vitamin A is undoubtedly one of the most important fact-

ors in this respect and a sound basis for this . tact ia 

provided both by theoretical considerations and by the 

resulta of experimental work. Another important factor 

is the protein content of the diet which must provide a 

full range of essential amino acids. 

The Effect of Host Nutrition on Parasitic Disease 

It is natural to expect that in parasitic in

fections a high level of nutrition will raise the 

threshhold at which symptoms become evident, and will 

limit the severity of the disease both in the acute 

and chronic stages. A diet that is rich in body-building 

elements is essential for the repair of damaged tissue, 

or to replace body reserves that have been depleted 

during the acute phase of the infection. Where an 

immune response is involved a low protein intake may 

impair antibody production which, in turn, may disturb 

the host-parasite balance. 

The Effect of Host Immunity on the Nutrition of the 
Parasite 

In sorne infections there is a strong immune 

response that is manifested by the production of pre-
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cipitates in and about the openings of the excretory 

and digestive organs of the parasite. It has been 

assumed that such precipitates might bring about their 

harmful effect on the parasite by mechanical interfer

ence with its normal digestive processes. 

The Effect of Parasite Activity on the Nutrition of 
the Host 

In many parasitic infections it is not know.n how 

the pathogenic effect ia brought about. There are a 

number of examples where the activity of the parasite 

is responsible for a serious effect on the host. The 

beat known ones are the worms that produce anaemia in 

the host simply through the haemorrhage caused by their 

blood-sucking activities. The hookworms of man and doges 

and Haemonchus of ruminants fall into this category • . 

The strongyles of horsea, although more strictly they 

are tissue feeders rather than blood auckers, produce 

a similar result. While the blood that is lost contains 

plasma proteina as well as erythrocytes, the haemoglobin, 

and more particularly its iron, is probably the most im-

portant factor. 

In the case of Trichinella infection the damage 

produced by the adults in the gut is thought to be 

sufficient to limit digestive processes during the 

acute phase of the disease. A more chronic effect is 

seen with parasites auch as Oesophagostomum when many 
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calcified nodules are present in the wall of the in

testine. In heavy infections of long standing bowel 

motility is so reduced that it interferes with digest

ive processes. The presence of a large number of nodules 

in the gut may result in intussusception which also 

arises from the impaired motility of the intestinal wall. 

A third example is seen in the case of Diphyllo

bothrium in man, where there is competition between the 

parasite and the bost for the available vitamin B12 in 

the food. It is only when the tapeworm is established 

well forward in the intestine that it is able to corn

pete successfully to the disadvantage of the host. In 

the majority of cases the worm is situated further back 

and there is adequate absorption of the vitamin by the 

host before the food reaches the point where the wor.m 

is residing. 

An aspect that is less well documented is that of 

interference with the digestion of several nutrients, 

particularly of protein. There are n1any contradictions 

in the literature and much disagreement among authors. 

The Cambridge workers brought forward evidence that 

there was a lowered digestibility of protein associat-

ed with heavy mixed infec t i ons, but American workers 

were unable to confirm it with pure infections of either 

Cooperia or Trichostrongylus. In Australia, on the other 
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hand there was sorne confirmation of it in the case of 

Trichostrongylus, but in these trials the period when 

differences were most marked did not correspond with 

the period of greatest egg production by the parasites. 

SUMMARY AND CONCLUSIONS 

The resulta of the ·present study can be consider~ 

ed in four separate parts. 

(1) Survey techniques have been used in two in

vestigations. One utilised the accumulated data from 

a diagnostic service in New Zealand to elucidate cert

ain a .spects of the epidemiology of internal parasitism 

of dairy cattle. The main pathogenic species present 

were Ostertagi~, Trichostrongylus axei, Cooperia. and 

Dictyocaulus. Other species occurred but because of 

their small numbers they were of little consequence 

from the point of view of parasitic disease. There 

was a well marked peak of worm infection in the autumn 

and early winter months, but it was not certain whether 

this was due to seasonal conditions or due to the fact 

that calves all reached their most susceptible age at 

about the same time. The level of infection was higher 

in two eastern districts and lower in two western dis

tricts. The rainfall in the western districts is con

siderably higher than that in the east. There was no 

difference between the North Island and the South Island 
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and no evidence of any north to south trend in level 

of infection. There was no clear relationship between 

the level of infection and the presence of scouring in 

the cattle. 

The second survey was carried out in an a ttempt 

to collect incidence data for Ascaris lumbricoidea. 

It was shown quite clearly that there was a much lower 

incidence of Ascaris in domestic pigs in the North Is

land than in the South Island. There appeared to be a 

relationship between the feeding of dairy by-products 

and the low incidence, since in those areas in the 

South Island where skirn milk was fed the incidence 

was very similar to that seen in the North Island. In 

New Zealand grains are used to supplement a basal diet 

of skirn milk rather than the reverse, and this may be 

responsible for the fact that the incidence of Ascaris 

in pigs is lower than in any other area for which fig

ures are available. 

(2) A study of the parasite population in two 

experimental herda of cattle that were managed under 

conditions similar to those found on well-managed and 

poorly-managed commercial herds, has shown that a sys

tem of rotational grazing resulted in better growth of 

young animals and in a lower level of parasitic infect

ion. This difference occurred even when the set-stocked 
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anima1s were drenched with phenothiazine and the 

rotationally grazed animals were not drenched. The 

factors that were thought to be involved were the 

higher level of nutrition 1 lower intake of infective 

larvae, and a greater resistance to infection of the 

rotationally grazed . calves. From this study has 

arisen a well tested and thoroughly satisfactory meth

od of parasite control which is compatible with mod

ern enlightened techniques of management of grassland 

and the grazing animal. 

(3) Small laboratory animal experimentation, 

using a variety of host-parasite systems 1 has been used 

where larger numbers and standardised infections were 

more feasible than similar experimenta with large 

animals. Several trials were made to seek a suitable 

host-parasite system for studying the effect of skim 

milk on the infection1 and pinworm infections in mice 

proved to be the best. With infections of Ascaris in 

rats, the severity of the disease, as measured by the 

percentage weight gain in the ? - 10 day period after 

infection, was increased when a generally deficient 

diet was used, and also when the ration was low in 

vitamin A. With a severe deficiency of vitamin A 

infected rats suffered a heavier mortality than un

infected controls 1 whereas in rats that were adequately 
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supplied with vitamin A the infection produced mod

erate symptoms of pneumonia but no mortality. 

Infections with Trichinella spiralis in rats 

showed that there was an increased number of larvae 

developed in the muscles of rats that were maintained 

on a low plane ration and in rats that were fed a diet 

low in vitamin A. The effect occurred only in rats 

that were severely depleted, since it was not seen in 

rats that were placed on a deficient diet at weaning 

and maintained on it for 4 - 7 weeks. 

A series of experimenta with mice infected with 

pinwor.ms showed that there was a striking elimination 

of the parasites when the mice were fed for four days 

on dried skim milk, lactose, or egg yolk. The effect 

was also seen when varying proportions of these mater

ials were _mixed with cereal. The result was not seen 

with sucrose, starch, casein or egg albumen. The eff

ect of skim milk was probably due to its lactose con

tent, but the factor present in egg yolk haa not yet 

been determined. 

(4) The fourth part of the investigation re

quired returning to the lar ge animal f or experiment on 

a limited scale. In the present series, the pig was 

used to determine the effect of dietary modifications 

on its parasites. The available pigs were infes ted 
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with Oesophagostomum and, in sorne cases, Ascaris as 

well. It was shown that sorne parasites wer-e eliminated 

with fresh skim milk, with reconstituted powdered skim 

milk, and with lactose. Casein resulted in the elimin

ation of very few parasites. Further work along these 

lines is necessary before definite conclusions can be 

reached. 

A trial was also carried out to test the effect 

of a diet of fish on the parasites of dogs. A basal 

meal was mixed with equal quantities of fiah fillets, 

fish viscera, or fish scales and heads. There was no 

effect either on the adult Toxocara present in the in

testine, or on the establishment of a new infection 

from embryonated eggs administered during the trial. 

The same three rations fed in turn to a dog harbour

ing Uncinaria stenocephela had no apparent effect on 

the course of the infection. 
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