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INTRODUC TION

It has long been recognised that there i1s a
close relationship between paraesitism and nutrition
although its true nature has not always been clear,.

Some of the relationships have been discussed
in the reviews published by Lapage, (1937), von Brand,
(1952), Hunter, (1953) and Smith, (1955),

In the assocliation as seen and described by
field workers, there is likely to be some confusion of
cause and effect because, in the human fleld, areas
where parasitism is most serious - in the backward
troplcal and sub-tropical countries where overcrowding,
lack of sanitation, poverty and 1lliteracy are the rule,
both under-nutrition and malnutritlion are almost uni-
versal,

Under such circumstances, parasitic infectlons
are frequently multliple, infection rates are high and
at the same time, individuals may suffer the effects
of one or more dletary deficiencies,

The reason for much of the difficulty 1s obvious when
1t 18 realised that many of the main symptoms of parasitlic
infection such as retarded growth, loss of vigour, loss of
appetite, ansemia and dropsy, are also seen 1n malnutrlition
when the intake of certain diletary factors 1s sub-optimal
or in undernutrition when the diet 1s& low 1n energye.

In the field of animal husbendry also confusion 1s

cormon because parasitism and malmutrition are likely to




occur together on properties where management practices
are faulty,

In recent years many attempts have been made to
determine what essential dietery factors affect the re-
slstance of hosts to particular parasites, It has been
shown quilte clearly that inadequate dlets, especlally
those lacking vitamins, minerals and high quallity protein,
tend to render the host more susceptible to parasitism,
In the undernourished host, the parasites may establish
themselves with greater certainty, grow more rapldly to
maturity, reach a greater size, live for & longer time
and produce more progeny., They tend to produce more
severc symptoms in the host and after thelr removal re=-
covery 1s delayed.

Several dlfferent aspects of the associatlion come
into play independently or in combinatlion. Parasites
require certain food materials from the gut contents of
the host for thelr own nutrition but ere quite Ilndepend-
ent of host dietary sources for other materials, The
dlet of the host may have a direct effect on the nutrition
of the parasite in respect of some of its requlirements at
least, In addition, the nutriticnal state of the hoast may
have other effects on the parasite which reflect 1ts re-
sistance to invaslion which stems from the vigorous
health enjoyed by a well nourished body or by other in-

direct effects the nature of which are at present not




thoroughly understood,

In additlon, diet may have effects due solely to
physico-chemical conditions in the gut which create an
enviromment which 1s 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
anthelmintle substances whether administered mixed with
the diet or occurring naturally in the foodstuffs,

Vihere an immune reaction plays a part i1n 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 1is known to be modified by the
quality of the diet particularly in regard to protein
and certain vitamins,

Several reports have been published indlcating
that heavy parasitism results 1n less efficlient food
utllization and several hypotheses have been advanced
to explain it. It has been suggested that the dlarrhoea
that is such a common symptom 1n many parasitic infections,
results in reduced absorption of nutrients from the food
ingested, simply because of the rapld rate at which it
passes through the regions of the alimentary tract where
absorption takes place., It has been suggested also that
stimulation and irritation of the mucosae by the parasites
results in greater gut activity and consequently greater

energy consumption leading to lowered efficiency of food
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utilization. Another suggestion has been that &s the
parasites must protect themselves from digestion by the
hoast's enzymes, they themselves secrete antienzymes,
which may be produced in sufficlent quantity to have a
depressing effect on digestibility especially of protein,
Some evidence has been produced lndicating that

mineral balance is disturbed in heavy parasitic infections,

although much of it 1s conflicting,

The effect of paraslitism on appetite 1s probebly
one of the most important factors causing the livewelght
changes seen in severe helminthiasis,

Many papers have been published attempting to oute
line the role of deficlencles of varlous essentlal
nutrients in increasing the host's susceptibility to
parasitic infection and disease resulting therefrom,.

The following section attempts to review the more im-

portant papers published on these aspects of the subject,

HISTORICAL REVIEW

Total Nutrients

Chandler (1932) in studles with Nippostrongylus

muris concluded that diet had little or no effect 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 dlets, or those rich in carbo~
hydrate or protein, On a dlet of coarse fruit and
vegetables on which the rats lost weight, the infections

were heavier and lasted for & longer time,
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Shorb (1933) studied the host-=parasite relation-

ship of Hymenolepils fraterna in rats and mice. He

found that a diet of white bread and water reduced the
resistance of rats to the mouse straln and 1t also re-
duced age resistance, In mice, the worms did not reach
maturlity on this diet even when it was started one day
after the infection was given,

Foster and Cort (1931, 1932, 1935) carried out
trials with dogs that were repeatedly infected with the

hookworm Ancylostoma caninum while on & normel diet,

They were then tranaferred to a generally deficilent
vegetarlan diet which rendered them more susceptible to
the parasite., Fatal cases showed a terminal breskdown
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 was the case with
older animals., The diet which caused a marked body
weight loss in all animals resulted in & lower resist-
ance to invasion and establishment of the worms, an in-
creased rate of development and increased egg production
per female, In additlion the deficient host showed & de~
creased abllity to compensate for the injurious effects
of the worm infestation, When the defilcient dogs were
transferred to the high plane diet, the egg counts
dropped, the worms were eliminated and the dogs were
then reslstant to reinfection,

They showed that a deficlient diet also increased
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the susceptibllity of both dogs and cats to non-
specific strains of hookworms but even on a deficlent
diet they could not infect dogs with the human hookworm,

Necaetor americanus.,

Ross and Gordon (1933) showed that dietasry defic-
iencies similar to those that may occur frequently in
the field in Australia under unfavorable seasonal con-
ditions, in which protein and minerals were low, resulted
in the breakdown of the reslistance of sheep of all ages

to Haemonchus., They suggested that such & result might

only occur when the defilclency was severe enough to be
reflected in marked loss of weight,

Taylor (1934) carried out experiments with three
rairs of lambs fed on different.planes of mutrition, One
group was fed hay and concentrate, one hay.alone and one
"straw alone, All lambs were given 40 doses of 500 mixed
Jarvae and were killed 10 weeks later, The group fed
straw harboured 33 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, & hay
group and & hay and concentrate group were fed over a
seven month period, Even in the absence of reinfectilon,
the low plane group showed a fivefold increase in egg
count while that of the high plane group fell to one
ninth of 1ts original figure.

Kauzal (1934) studied the effect of a nutritionsal

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

previously infected and subsequently shown to be re-
glstant, on a diet made up of equal parts of wheaten
straw and oaten chaff, for a period of 3 months, This
diet was low in both protein end phosphorus and the
anlmals lost weight over the experimental period. When
they were exposed to an artificial infection, there was
1ittle or no effect on the resistance as the resultant
infection was light and short-lived, A repeated attempt
to infect the same animals after a further 2 months on
the deficlent diet showed that they were still highly
reslstant,

Frazer, Thomson, Robertson and‘George (1938) kept
two groups of 20 sheep on high and low planes of nutrition.
They infected each group with equal numbers of larvae and
examined the abomass at slaughter, The results showed
marked differences in the establishment of the worms in
the two groups, the high plane group harbouring an

average of 2 Haemonchus and 11 Ostertagla, and the low

plane group an averege of 81 Haemonchus and 229 Ostertagla,

Iucker and Neumeyer (1947) carried out tests with
8 lambs, four of which were infested with the hookworm

Bunostomum'prigpnocephalum. From the age of two months,

half of each group was kept on & high plane ration of
alfalfse hay and concentrates, while the other group was
fed timothy hay, a ration deficient in protein, calcium,

iron, vitamins and energy. The two low plane infested
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animals died of anaemia whereas on the high plane the
infested animals recovered after becoming moderately
anaemic, The low plane control animals did not become
anaemic,. The Infections depressed appetite, but only
after the anaemla and unthriftiness had become marked.,
The poor dilet affected both the resistance and the
gbility to compensate for blood loss,

Gordon (1948) has reported on the effect of two
different dlets on the development and maintenance of

resistance to Haemonchus contortus infection in sheep.

Nine 18 months old sheep were pleced on & high plane
ration of lucerne chaff 60, oats 20, and linseed meal

20, The daily intake per head was 1.82: 1b of feed cone«
teining 0.93 1b starch equilvalent and 0,31 1b digestible
protein, Ten similar animals were placed on & low plane
ration of wheaten chaff 50, oats 30, maize 10, and bran 5,
The dally intske on this ration amounted to 1,56 1b of
feed containing 0.74 1b starch equivalent and 0.16 1b
digestible protein per head, After a perliod of three
months each sheep was dosed with 10,000 infective larvae

of Haemonchus. On the high plane diet the infections

were all light or negligible, and were thrown off an'
average of 19 days after the eggs appeared in the faeces,
while on the low plane diet, four infections were light,
six were moderate to very heavy. Three animals died of
acute Hasesmonchosis, and, in the survivors, the infection

was not thrown off until an average of 57 days after the
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eggs appeared in the faeces.,

Observations on infections with Trichostrongylus

spp. and Osesophagostomum columbianum in sheep on the

same dlets 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 results
were less striking but the egg counts increased more
on the low plane dilet. (Gordon 1949),

Whitlock (1949) discussed the relationship of
nutrition to the development of the Trichostrongylidoses
in sheep. He drew & distinction between primary and
Secondary disease. The primary diseass was one caused
by & paraslte infesting a host maintained on a dlet
capable of supporting maximal growth, He considered
thaet Haemonchosis alone fell into this category. All
other infectlons were considered to be secondary since
they only produced symptoms of disease in the presence
of dletary or other stresses,

Laurence et al (1951) in South Africa carried out
an experiment to study the relation of nutrition to para-
sitism in merino sheep. Two groupé of twenty lambs, 7-8
months old, were fed a high plane ration of veld hay,
lucerne hey and 200 g maize, and a low plane ration of
veld hay, lucerne hay and 50 g maize, Half of each

group was infested with 8,000 larvae of Haemonchus

contortus and 1,600 larvae of QOesophagostomum columblanum.




A1l the infested animals died from acute verminosis,

A similar infestation in 10 - 11 months o0ld animals
caused only chronic verminosis, Later the maize
portion of both rations was doubled., The high plane
groups and the uninfected groups were superior in
livewelight, appetite for hay, and fleece welght. In
the case of the haemoglobin the trend was the same
except that the high plane infected group had a lower
figare than the low plane uninfected group, a situation
that might be expected from the vigorous blood sucking

activities of the sdult Haemonchus, The above differ-

ences were fairly obvious ones in splte of the fact
that there were only four animals in each of the sub-
groups,

White and Cushnie (1952) carried out a field
trial on the effect of & dietary supplement on the
parasite infection of hill sheep. Two groups of ewes
were vsed 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 1b of
the mixture per sheep per day. Parasite burdens were
followed by means of weekly egg counts over & two year
period, Observations weres also made on thelr lambs
until they were 18 months old., The results 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 lambs 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 geometric mean never rising above 700 e.p.g. and
at no time were there any clinical signs of helminth-
lasls. Total worm counts were done on the lambs after
slaughter and on a small sample of the ewes but differ-
ences 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 cost
of the supplement was about twlice the value of the
increased wool and mutton produced, but economies 1in
the amount of supplement used, either by feeding 1t
only over the winter months, or by using it more for
the growing rather than the adult sheep might alter
the plcture, It i1s difficult to see how a slgnificant
difference could arise in the fleece weights without &
difference appearing in the body weight of the ewss,
The true picture might have been revealed 1f the clean
scoured as well as the greasy fleece weight had been
determined, since the difference might be seen in the
yield due to greater quantities of wool grease in the

supplemented animals, A further complicating factor in
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'this type of trial 1s that the supplemented animals
probably greaze less than those not supplemented, as
the former could satisfy their appetite wlth a smaller
grazing effort, This situation at once introduces a
difference 1n exposure to infection, even though the
same area 1is grazed by each group durlng the day,
Mayhew (1945) made six attempts to break down

an established immunity to Haemonchus contortus in

calves by placlng the host animals on a very deficlent
diet of cotton seed hulls, The criterion he used was
a rise in egg count after reinoculation., A slight
rise occurred only in three out of the six animals in
spite of the fact that most of the calves became very
woeak and in some cases & supplement was necessary to
prevent death from starvation.

Starvation

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

gservatlon 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 habits
of the chickens., It occurred between 5=9 p.me in the
summer, but between 2-4 p,m, in the winter months, and

it could be altered 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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suspended altogether., Starvation for a perlod of 24
hours resulted in reduced segment production over the
next week but later, normal output was resumed.

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

in rats, a reduction of food intake to one third of app-
etite did not result in any reduction in the number of
eggs produced.

The effect of starvation on the poultry cestode

Ralllietina cesticillus has been studied by Reid and

Ackert (1941) and Reid (1942). They found that short
periods of .starvation of 24-48 hours caused destrobll-
1ization of the cestode but that the scolex was unaffect~
ed even by starvation periods as long as 20 days,
Sudden changes in diet could also cause 1it, The glycogen
content of the worms was reduced to about 10 % of the
normal figure by starvatién for 20 hours and they thought
that destrobilization followed from loss of activity on.
the part.bf'the parasite.

Later, Relid (1945) studied the effect of starvation

on the roundworm, Ascaridia galli. After starving for 24

hours some of the worms were expelled, and after 96 hours,
70 % of the birds were free of parasites. Between 75 and
90 4 of the glycogen stored in the parasites was used 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 Hymenolepls fraterna. Non-alcoholic

mice whose food intake was reduced to the same level as
that of the alcoholic mice, were equally susceptitle.
It was concluded that the effect of the alcohol was
through & secondary avitaminosis brought ebout by the
lowered food intake. ILarsh and Fletcher (1948) found
that alcohol could break down the Immunity of mice to

T, spiralis under certaln circumstances, There wes no

effect on muscle invasion nor was there any effect on
the immunity that followed a single infection or more
then 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 glve a more solid
Immunity that could not be broken down. Larsh and

Kent (1949) found that alcohol had no effect on the

natural immunity of mice to T. splralls even 1n cases
showing extreme debilitation. Similar results were
obtained with & single stimulating dose, but by using
repeated stimulating doses alcohol had 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 1f the alcohol was given before
as well as after the stimulating infections,

Larsh (1950) found that thiouracil in young mice

failed to affect their resistance to H., fraterna but

thyroid extract so reduced the resistance of o0ld mice
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fhat they harboured more worms than young mice that
were dosed to test the viability of the eggs used in
the experiment, It 1s 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
relative surface area per worn, (weightz 3)/'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 prgsent. He con=-

8ldered that a similar situation appeared to hold for

the data published by Reid for R. cesticillus, Chandler

for H, diminuta, and Shorb for H; nena, Stunting could

be explained by a need for oxygen which may be obtained
through close contact with the mucosa and this contact
would be 1limited in heavy infestations,
Vitamin A

Among the factora affecting resistance to infect-
ion Vitamin A has. received most attention and appears to
be the nutrient that has glven positive results most fre-
quently and in the widest varlety of host-parasite systems,
This fact might have been expected because of the role of
vitamin A in the maintenancé of healthy epithelial tlssues
and of its proven function in resistance to bacterial in-

fections, particularly those of the respiratory system.




~ 16 «

Hiraishi (1927) found that he was able to infect

only one out of thirty pigs with Ascarls lumbricoides,

but when placed on a diet deficient in vitamin A, he
was able to infect 89 % and 100 % in two different
series, The infections occurred before any signs of
avitaminosis were apparent. In depleted pilgs the clin-
ical signs of infection appeered earlier, were more
severe, and lasted for a longer time,

In 1928 Hiraishl reported on a serlies of experiw-
ments carried out by Koino and added the results of some
observations of his own., In Koino's experiments 57 pigs
were used and were infected with human and pig Ascaris
whlle the pigs were fed diets adequate or deficient in

vitamin A, The results are given in the following table,

Normel diet 10 pigs Human strain Negative
Normal diet 20 pigs Pig strain 19 Negetive, 1(?)
Vitamin A de-
ficient 9 pigs Pig strain 1 Negative, 8
positive

Vitamin A de-
ficlent 6 pigs Human strain 6 Positive

Vitamin A de-) _
ficient ) 6 pigs = Pig strain 6 Negative
Cod liver oil) .

Vitamin A de~

ficient 6 pigs Nil 5 Negative, 1
positive




In Hiraishi's own experiment 9 pigs were used,
On a diet with adequate vitamin A the worme did not
develop beyond the liver and the lunga but on a dlet
low in vitamin A the pigs could be infected btefore any
8lgns of avitaminosis were evident., On ths deflcient
diet the effect of the worm infection appeared earlier
and was more prolonged.

De Boer (1935) on the other hand, found thet by
repeated infectlion he was able to infect pigs with both

the human and the porcine strain of Ascaris lumbricoides,

suggesting that the two stralns are physiologically
ldentical, He found that & diet low in vitamin A did
not facilitate infection,

Ackert, McIlwaine and Crawford (1931) showed that
a diet lacking vitamin 4 lowered the reslstance of

chickens to infection with the nematode Ascaridias galli.

The criteria that they used were the humbers of worms
developing from an artificlal infectlion and the length
attalned 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 perim
stalsis and the greater bacterlal populations in the
bowel which would provide a greater food supply for the
developing worms, In these triels three dlets were used,
a natural diet that was adequate in vitamin A, and &

semi~synthetic diet, with and without added vitamin.
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The deficiency of the latter was 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 that vitamin A deficiency

reduced the resistance of rats to Nippostrongylus muris.

This finding has also been confirmed by Waett 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

migrated in the lungs and their development was more
rapid than on the normal dlet., The same author was un-
able to show any effect of avitaminosis A in infections

with Heterakis gallinae in chickens. She recorded diff-

erences in the number of worms present but they failed
to reach significant 1evels,

Nagoya (1931) found that a diet low in vitamin A
increased the susceptiblility of dogs to the hookworm

Ankylostoma caninum,

Wright (1935) observed that vitamin A deficliency
increased the susceptibility of dogs artificilally in-

fected with Toxocara canls and Toxascaris leonina,

Eleven deficient dogs harboured 2,674 worms (average 243),
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while nine control dogs on & normal diet harboured
only 448 worms (average 50),
McCoy (1934) studied the effect of a vitamin A

deficient dlet on the resistance of rats to Trichinellsa

spiralis. He placed the rats on the deficient diet at
25-27 days of age, and they showsed a markedly lowered
resistance as early as 2-3 weeks, There was & greater
persistence of the adult worms in the intestine and
greater numbers of larvae in the muscles, The deficient
rats failed to develop immunlity to a second infection
whereas the control rats were completely immune., Rats
that were placed on the deficlent diet when they were
half grown usually shoﬁed only a slight 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 dlet de=-
ficient in vitamin A did not affect either the natural

or the acquired resistance of mice to T, spiralis, This

finding 1s in sharp contrast to MecCoy's results with
rats, and the authors conclude that if mice need

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

a mich lower level than do rats,
Tawler (1941) studied the relationship of vitamin A

deficiesncy to the immunityto Strongyloides rattl in whilte

rats, He found that deficient rats were less resistant

to primary infection but the effect failed to show up if




the reserves were only partially depleted. The rate
of loss of worms was not significantly lower in de-
ficlent rats, The deficiency resulted in a weakenihg
of the immune response as shown by the number of worms
established and the presence of embryos in the worms.
His results are difficult to appralse as there were
only five rets in each group and no statistlical treat-
ment of the data was attempted.

Shaw (1937) fed six wethers for 18 months on
" wheat straw, oats and beet pulp, a dlet deficient in
vitamin A, The treatment did not increase the suscept-
1bility of the animals to experimental infection with

the lungworm, Dictyocaulus filaria, although all animals

showed symptoms of avitaminosls A, such as muscular in-
coordination, night blindness and urinary calculil,
Chandler (1942) in his studies on tapeworm nutrition

concluded that Hymenolepls diminuta was independent 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 published on the effect of
dletary deficiencies on trematode infections but
Krackower, Hoffman and Axtmeyer (1940) working in Puerto

Rico with artificial infections of Schistosoma mansonl

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

of the parasites in the liver reached a maximum after




5~7 weeks, and that e few flukes still remained at the
end of the experimental perlod of 32~115 days. On &
vitamin A deficient diet the destruction of parasites
was maximal up to 6 weeks, more dead worms were found
after that time but still less than in the rats on the
adequate diet, Vitamin A deficlency permitted the pro=-
liferation of fibroblasts and histiocytes but the
resolution of a lesion made up largely of these elements
was retarded, although the dead parassites were quickly
digested, The regeneration of more specialised cells
such a8 liver parenchyma was retarded on the deficlent
dlet,

Vitamin A deficiency 1is of particular interest in
relation to the leslons produced in the squamous stomach

of rats, especially when Infested with Gongylonema neos

plasticum, The work of Fiblger (1913) on the experiw
mental production of carcinoma of the stomach of rats

by infection with G. neoplasticum 18 well known. A long

controversy has raged over the years, as few, if any,
other workers have been able to confirm Fiblger's find-
ings, The position has been discussed recently by
Hitcheock and Bell (1952) who have concluded, from the
results of experimental work and & re-examination of
aome of Fibiger's original slides, that the leslons
described by him were not neoplastic but were hyper-

plaslie 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 Jdeficient diet, 1In
the infested animals on the low vitamin A dlet there
was a marked epithelial disorganisatlion with extensive
eplthellial downgrowths, whereas in non-infested rats on
the low vitamin A diet there was ulceration and an
oedema and inflammatlion of the submicosa, Infested rats
on the complete diet showed only minimal changes,
Fibiger's "lung metastases" were probably metaplastic
aréas of respiratory tract epithelium, and his "lymph
node metastasis" an epithelisl inclusion or arrest,

The authors conclude that all critlcal experliments

using G, neoplasticum have falled to produce acceptable

neoplastic growthsg that the leslons described by

Fibiger are seen 1n avitaminosis A; and that G. neoplast-

lcum heightens the effect while, at the same time,
vitamin A deficlency accentuates the effect of the para~
site, It was polnted out that the diets of dried bread
used by Fiblger were almost certainly low in vitamin A,
Gongylonema &acts as a chronic irritant and produces only
minimal lesions In rats on a normal dilet,

Vitemin B

Yesa st

Ackert and Nolf (1931) showed that baker's yeast
contained & factor that stimulated the growth of Ascaridia

gelll in chickens, The worms were longer in the chickens




on the yeast supplemented diset than on a deficlent diet
or one that derived 1ts B vitamins from other sources
such as wheat, aats, corn, and meat, More worms were
present on a diet of polished rice and casein than on
the same dlet with added yeast, or the diet of mixedl
grains and meat, The length of the worms was greatest
on the yeast supplemented diet but there were no diff-
erence8 beltween the other two groups. The authors con=-
sidered that vitamin B deficient diets give the worms
a better chance of survivael due to reduced peristalsis
in the host's intestine,

Clapham (1933) states that the results obtained
by Ackert and Nolf fall to reach statistically significant
levels, but her reasons for saying so are not clesr,

Baker (1941) has used brewer's yeast in calves, and
Whitlock (1949, 1952) has used it in sheep in an advanced
state of parasitic debility with a view to stimulating
appetite,

Thiamlin
Chandler (1943) who studied the nutritional re-

quirements of the tapeworm Hymenolepls diminute con-

cluded that the worms were able to absorb nutriénts
directly from the host's tissues with which they were in
close contact, The parasite was independent of the pro=
teln in the host's diet but was dependent on the carbo=-

hydrate, It was independent of vitamins A, D and E and




Thiamin, but was affected by lack of vitamin G in
female but not in male rats.

Watt (1944) found that a diet deficient in
thiamin reduced the resistance of rats to a single

dose of Nippostrongylus murls, and to a more striking

degree, to superinfectlon when the test dose was given
12 days after the initial infection, or when the rats
Imminised by repeated infection were subsequently
placed on the test diet and challenged after & period
of 69 days, There was also reduced protection from
the serum of rats on the thiamin deficlent dlet,
Chandler, Read and Nicholas (1950) studied the

thiamin requirements of H, diminuta. Complete lack of

thiamin in the diet of the host had no effect on the
worms, The thiamln content of the wormes was fairly
constant irrespective of whether the host dlet was
deficient or whether the host received additional
émounts of the vitamin parenterally. By the use of
injected radlo~thiamin 1t 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 1s seen in heavy in-
fections,

Riboflavine

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

to an Initial infection of Nippostrongylus ruris, or

to superinfectlon when the test dose waa given 12 days
after the initial dose of larvae., The protection afford~
ed by hyperimmune serum was reduced when the donor rats
were on & diet low in riboflavine,
Vitamin G
Hager (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 consldered that the effect was pro=
bably a difect one since other dlets that were detri-
mental to the host, as shown in changes in body welght
and appetite, did not affect the egg production of the
worm. 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,
Thils effect was probably due to crowding, In heavy 1in-
fostations the worms are shorter and may fail to produce

CEES .
Chandler (1942) showed that H, diminuta. was affect-

ed by a deficlency of vitamin G in female but not in male
rats, and assumed that there was a relationship of some

kind between vitamins and hormones, However Beck (1951)
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found that a diet deficient in vitamin B complex re-~
sulted in & reduction in the number of tapeworm eggs
passed in the faeces of female rats after 30 days,
but in the case of male rats a similar drop 4id not
ococur 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~

ments the rats were subjected to different periods of
depletion, namely, O, 4, and 17 days., Six female rats
In each group were infected with 10 cysticercoids each.
The numbers of worms were reduced oh diets deficlent in
fat soluble vitamins or vitamin G, There was no effect
on a dlet deficient in thiamin, The lower establish-
ment on diets low in fat soluble vitamins might heve
been due to a disturbance of bile secretion through a
failure of stimmlation by blle salts for the evagination
of the scolex, The authors concluded that the presence
of some factor associated with vitamin G brought about

a stunting of the worms, whereas & lack of the mixed

fat soluble vitamins A, D, and E, or thiamin, resulted
in an increase in size, This may have been due to de-
creased peristalsis resulting in the worms establishing
in a more anterilor and therefore more favorsable pbsition
in the intestine,

In a later paper Addis and Chandler (1946) examined
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the problem further and concluded from trials with
experimental diets contalnling synthetlic vitamins that
the factor essociated with vitamin G that stimulated

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

the eight known factors, nicotinic acid, pyridoxine,
pantothenic acld, rivoflavine, blotin, p=amino-benzoic
acld, inositol, choline or folic acid, The component
was heat stable, Liver extract reduced the stunting
by one half,

Folic acid and vitamin Byo

Keith et al (1949) and Sadun et al (1949) report-
ed on experiments comparing the infections of Ascaridia
in chickens that were fed purified dlets with and without
folic acid and a commerclal diet, They showed that chicks
on the deficient diet harboured more and larger worms,
indicating thet the deflciency of follec acid lowered the
resistance. They found that the worms on the purified
diets were stunted when compared with those on the commercial
diet, The stunting was not overcome by dried liver, but
liver extract gave a partial response, The commercial
liver extract therefore contains a factor that is requilred
by the worms in relatively large amounts, and this factor
may be vitamin Big or the "animal protein factor."

Todd et al (1950) compared the resistance of the

offspring of hens that were fed eix different retions,




three based on sorhean meal and three on corn gluten,
supplemented with whiteflish meal or vitamin Byg. Diff-
erences In the weight gains in the chickens after para-
sitisation wereltaken as the criterion of resistance,
Soybean and whitefish gave the best growth and corn
gluten and whitefish the poorest growth, Vitamin Bjg
supplements were without effect, The differences noted
were significanf at the 5 % level,

Hansen, Norris and Ackert (1953) studied the re-
sistance of chicks fed an all plant dlet supplemented
with "Aurofac" and vitemin Byg. . The birds were artific-

ially infested with Ascaridia galli, The supplemented

groups had a lower mortality, parasitism Increased the
mortality on both diets, and fewer chicks on the supp-=
lemented dlet became infested, There were no differences

in the weight gains of the infested and control blrds on

the basal diet, but on the supplemented diet it approached

significance at the I %4 level, The authors suggest that
this might be due to the fact that at peak efficiency a
fow 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 both male and female worms
were the same on both diets, |

In 1954 Hansen, Petrie and Ackert compared supple=-

ments of Aureomycin and vitamin B2 used separately and
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together In an all plant basal ration, Half of all
groups were parasitised, with A. galll. The highest
infestlon rate and mortallity occurred on the b&sal diet.
The supplements together stimulated both the infested
and control birds, There were very small differences in
feed efficlency with some decrease due to paresitism,
Aureomycin alone and with vitamin Bjyg reduced the number
of worms., Aureomycin restricted and vitamin Byjg stim-
ulated worm growth, and when used together the effect
on worm size was cancelled,

Maldonado and Asenjo (1953) studled the effect of
supplementing a deficlient diet wilth vitamin Bj2 and

folic acld, separately and together, on Nippostrongylus

murls in rats., Nelther substence affected the course
of parasitization or the number or the slze of the worns.
In the case of infestation with the flsh tapeworm,

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

infested develop megaloblastic anaemia, Von Bonsdorlf
(1948) has shown that the anaemia develops in those
cases in which the worm 1s situated high up in the
small intestine., The symptoms can be relieved either
by removing the worm, or by administering vitamin Byo
parenterally without anthelmintic treatment, Many
attempts have been made to 1lsolate a toxln from the

' worm, but without success. It now appears that the

dried worm 1s curative, being a rich source of the
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vitamin, Presumably the worm living high in the in-
testine absorbs the vitamin in competition with the
host,

Vitamin D,

Ackert and Spindler (19595 in four experiments
wlith chickens found that a deficiency in vitamin D, |
severe enough to cause marked leg weakness, falled to
have any effect on the resistance to A. galli. In one
trial cod liver oll was used, and an observed effect
on the number of worms and the number of infested birds
may have been due to the vitamin A prcsent. In one
trial, iirracdiation from an ultra-violet lamp falled to
produce any effect on reslistance. They stated that
vitamin D deficiency had an effect in rendering the
birds less 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, dimlnute

was not affected by the amount of vitamin T In the diet
of the host rat.

Wantleand (1934, 1938) showed that the administration
of irradiated ergosterol after an artificial.infection

of Trichinells spirelis resulted in a more rapid cal-

cification of the cysts, the accelsration being greater




- 31 -

in the rabblt than the rat.
Vitamin E,

Zaiman (1940) used a synthetic diet deficient in
vitamin E., After six months on the diet, experimental

gulnea plgs were infected with T, spiralis, The de-~

ficient animals harboured more than twice the number

of muscle trilchinae as those fed a standerd ration.
Vitamin E was chosen for this study because of the known
effects on voluntary muscle, the tissue invaded by the
paraslite 1n question. | |

Carbohydrate,

Chandler (1942) in his studies with Hymenolepis

diminuta in rats, found that the tapeworm was dependent
on carbohydrates in the hoat's dlet and was sensitive
even to partial restriction. In a leter study, Chandler,
Read and Nicholas (1950) found that starch was a better
source of carbohydrate than dextrose, and that dextrose

- was better than sucrose., Read (1950) discussed the
gastro-intestinal tract as a habitat for parasites and
reviewed the work of previous workers on the effect of
milk in the dilet of the host, and éssumed that lactose
was the constituent responsible for the effects reported.
There appears, as yet, to be no sound basis for this
opinion,

Protein,

In their classical study of the effects of dietary
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factors on the health of two African tribes, Orr and
Gilkes (1931) brought forward evidence of large Aiff~
erences in the parasitlic infections between the Masail,
who were predominantly eaters of milk, msat, and blood,
and the Kikuyu, who were mainly vegetarian, The incid~
ence of helminthiasis as a percentage of total cases
among outpatients was 0,1 4 for the Masal, 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 diets of the two tribes differed in many
respects but the difference in protein was the most

' striking one,

Ackert and Beach (1933) compared the effects of
protein supplements of meat and skim milk, meat alone,
and peanut meal and skim milk, added to & cereal ration
that was adequate 1n minerasls end vitamins, on the re=-

sistance of chickens to Ascaridia galli, The skim milk

and meat supplement was superior to the other two groups
as measured by the mumber of worms developing after
artificiel infectlion and by the size of the worms when
the birds were killed three weeks after infection, It
was conslidered that the difference was due to the greater
variety of amino acids provided by the supplement,.

Ackert (1939) found that as a supplement to an
otherwise adequate cereal ration peamut meal was inferior

to soybean meal, The latter had a greater variety of
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amino acids and a greater digestibillity, that of the
soybean being about 76 % as compared with 30 % for
peanut meal, In a later paper, Ackert, Brandson and
Ameel (1943) found that soybean meal was as effective

a8 meat scrap, or meat scrap and skim milk, in producing
reslstance to Ascaridia in chickens,

In 1950 Reidel and Ackert compared supplements of
soybean me&al and skim milk, and soybean meal and meatb
scrap, 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 gfoups were not sig-
nificantly different. They considered that the diff-
erence was due to the greater range of amlno acids
especlally of lysine and tryptophane, The same authors
(1951) compared three diets of different 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
dlet was low in all amino acids except tryptophane,
whereas the third diet was low I1n argenine, glycine,
lysine and leucine. The second diet gave the greatest
resistance a&s measured by the number of worms developlng,
although the differences in length of the worms were not
significant,

Reidel (1950) found that diets containing 0.7 % and
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1.2 % lysine did not give any differences in level of
resistance to Ascaridia in chickens. The normal re-
guirement of lysine for chickens is about 0.9 % of the
ration,

Todd et al (1950) found small differences in re=-
sistance, as measured by the growth rate of artificlally
infested chickens which were the offspring of birds kept
on diets based on soybean meal and corn gluten supplemented
with whiteflish meal and vitamin Bjg,

Hansen et al (1953) compared the resistance of birds
on an all plant basal diet with and without supplements of
Aureomyclin &nd vitamin Byp, The supplemented chlcks had
a lower mortality rate, parasites lncreased the mortality
on both diets, There was no difference between the welight
gains of infested and control chicks on the basal diet,
but on the supplemented diet differences approaching sig-
nificance at the 1 % level were recorded, It was suggest-
ed that at peak efficlency a few worms had a gresater
effect than & larger number of worms on the basal diet.
Supplemented chicks had fewer worms but there were no
differences in the sizes of either male or feﬁale WOrms.

Luttermoser and Allan (1942) compared the growth
rates of chickens with and without infections with

Raillietina cesticillus, on diets containing 13 % and

26 % protein., No difference in growth rate was record-

ed on ths high protein diet, but they claim that there
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was a retardation in the growth of the 1Infested birds
on the low protein diet, The authors presented no stat-
istical treatment of their results, but an inspection of
the growth curves would suggest that the differences
observed might not be significent, The differences noted
amount to less than 10 % of the weight and the curves
ran almost parallel for the greater part, Such a result
could occur with ordinary errors of weighing on the first
welghing day. Further, with a real difference one might
expect a progressive divergence between the two curves,
Donaldson and Otto (1946) compared infections with

Nippostrongylus muris in rats on a 9 % all plant protein

diet and a 22 % protein diet, half of the protein being
of animal origin. Rats on the low protein diet were un-
able to ?e#elop & highly protective immunity. ITmmune
rats lost: thelr immunity after 36 days on the low protein
dlet, although they still retained some lmmunity when
compared witﬁ‘previously uninfected rats, Rats on the.
high protein dlet were also more resistant to primary
infection.

Venkatachelam and Patwordhan (1953) found in
children a lower digestibility of protein associated

with an infection with Ascarls lumbricoides. On low

protein intakes they suggested that this factor might
be important in the causation of nutritional oedema,

Corkill (1950) has reviewed the relation of dietary
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protein to disturbed host=parasite balance, He polints
out that there ias & contiﬁuous interaction between serum
protein, body protein and diet, Serum gamma globulin hes
a helf life of about two weeks, He considers that a
poorer: antibody response may occur when there are two
or more antigens competing for the available gamma
globulin esﬁecially when the dlet 1s low in lysine.
Lysine 1s quantltatively the most important amino acid
in gamma globulin and 1ls also lacking in the vegetable
diets of troplicel countries where multiple infections
are common., A poor antibody response in subrnutrition
is well known and in many'infections there is a re-
duction in serum albumen, Since there 1s more lysine
in albumen than in globulin, this is thought to be
the mechanism by Whidh limited lysine supplles are
spared for antibody production,.
Minerals

Iron

Rhoads et al (1934) carried out a study in

Puerto Rico, based on a clinical study of 83 patients
with hypochromic anaemia associated with hookworms,
In the same area a similar hypochromic anaemia occurs
not associated with hookworms, It was thought to be
due to the low level of iron and other haemopoietic
substances in the poor diet, to gastro-intestinal

changes as well as to blood loss from the hookworms
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present, The removal of hookworms produced little

change in the haemoglobin level but the erythrocyte

count did improve over several weeks, The addition

of meat and milk to the diet likewise had little effect
~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 parassites, had a striking effect on the
anaemia and on the clinical condition of the patients,
Only & moderate effect was obtalined with liver extract.
They pointed out that it is important to direct therapy
first against the ansemia and secondly agelinst the
perasites,

Foster and Landsberg (1934) showed that the
anaemia of hookworm disease was a mierocytic hypochromic
type and that 1t could be simulated haematologically by
repeated bleeding. It responded well to iron therapy
but there was no evidence of any toxic action on ths
haemopoietic tissues,

Otto and Landsberg (1940) found that dogs fed a
generally deficient dlet, with or without added iron,
failed to survive the anaemia produced by an infection
of 900 Ancylostoma larvae, Iron stimulated a transient
erythropoiesis but had no effect on the development or
persistence of the hookworms. They considered that a
balanced diet was of more Importance than iron and they

doubt the validity of the conclusions reached by Rhoads et al,
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McFadzean and Wong (1952) found that there was a
quicker response when iron was glven intravenously than
when given orally, The amount glven was calculated to
make up the haemoglobin, plus 50 % for an unknown de-
ficiency of non-haemoglobin iron., It was given daily
as saccharated iron oxide in doses of 50, 100 and then
200 mg per day. The oral treatment was 1,5 g ferrous
sulphate with 150 mg ascorbic acid daily, The patients
were discharged when their haemoglobins reached 60 %.
There were 25 patients and controls, The quicker re-
covery that followed treatment allowed hospltal beds to
be vacated earlier, The response was about twilce as
rapid as with oral dosing., The worms were removed with
an anthelmintic when the patlienta were discharged.

Spindler (1936) artificially infested anaemic plgs,

on & diet low in iron and copper, with Qesophagostomum

dentatum., Higher infections were present in the animals
that were supplemented with both iron and copper, He
suggested that the supplement may have favoured the
parasites or that the anaemia in the unsupplemented pilgs
was detrimental to the worms, His conclusions are of
doubtful signiflicance because of the small number of
animals used in the trilals,

Phosphorus and Calcium

Phosphorus and calcium have been lnadequate in

many of the generally deficient dlets previously discussed,




Cnly a small number of trlals have dealt with deficienciles
of these elements alone,

Ackert and Gaafar (1949) found that a deficiency of
phosphorus was the limiting factor in Ascaridia infection
in poultry. A high calcium~low phosphorus diet produced
smeller 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 perasites,
In a later paper Geafar and Ackert (1953) found that diets
low in calcium Q¥ phosphorus gave fewer and smeller worms,
but this was thought to be due to the minersl reqﬁirements
of the worms themselves, The resistance of growling chicks
did not appear to be affected by low calcium or phosphorus
in the ration.

Shearer and Stewart (1933) concluded that heavy
nematode infections in lambs interfered with the meta—.
bolism of calcium and phosphorus and this would result
in retafded skeletal growth, Andrews (1958) failled to
find any interference with calclum or phosphorus storage

in lambs artificially infested with Cooperia curticel,

as did Andrews et al (1944) in the case of Trichostrongylus,

Franklin et al (1946) on the other hand d4idfind some
evidence of impaired calcium and phosphorus utilization.,
Manganese
Harwood and Luttermoser (1938) considered that on

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

whereas, in a later trial with adequate manganese,
slight retardation only followed moderate infections
with the parasite,

Copper

In the peat areas of New Zesaland 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 dlsease,
and recommended a copper sulphate anthelmintic drench., A
definite response was obtained but subsequent work by
Cunningham (1946) has shown that the soils and pastures
are deficient in copver and that the effect of copper
sulphate drenching was to supply the missing mineral
rather than to kill the parasites,

There 1is soﬁe field evidence suggesting that para-
sltism is a somewhat greater problem in young cattle on
s0lls low in copper, The infestations appear to be more
severe and more persistent, hut definlte proof of any re-
lationship has yet to be furnished,

Cobalt

It 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 has sti1ll to be vroduced. Illustrative of

some of the difficulties that were sncountered in the




early days 1n New Zealand is the unpublished report

of some observations made by W,M, Webster in the Morton
Mains district of New Zealand, Xarmers in the area re-
ported a wasting dissase of lambs, and investigation
assoclated high worm counts with the unthriftiness, The
presence of numerous swampy areacs on one farm suggested
that pafasitic infestation was taking place in the moilst
pasture surrounding the swamps. It was recommencded that
the sheep could be protected by fencing off the offending
areag, This was done, and the following season little or
no mortality occurred, It was subsequently shown 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
status of the soils at Morton Malns, however, 1s marginal
8o that there 1s considerable variation in the severity
of the symptoms from year to year, To thils fact may be
attributed the apparent response of the lambs following
vattempts to 1imit the intake of larval parasites,

A recent experiment in the same area, reported by
Anderson and Andrews (1955), provides evidence suggest-
ing that there is a greater response to the anthelmintic
use of phenothiazine 1n lambs on cobalt deficient'pastures
then there was when a cobalt supplement was supplied.

The differences both 1n welght gain and in mortality
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betwean phonothlazine treated and control lambs wers
not significant so the part played by the parasites in
contributing to the syndrome of cobalt deficlency re-
malns uncertain, The lack of response to phenothiazine

in the cobalt dosed groups indicates that parasites were

not an important factor in limiting the growth of the

cobalt dosed lambse,

Digestiblility

Stewart (1933) at Cambridge carried out observations
on lambs that were heavily infested 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 infectlons,
Shearer and Stewart (1933) found that the same animals
showed an lnterference with calcium and phosphorus meta~-
bolism, but that sodlum and potassium metabolism was
normal., Stewart (1933, b), in an attempt to explain
the above observations, showed that, in vitro, extracts
of the parasites contalned a substance that inhibited
proteolytic action, It was considered that the acilon
of the inhibitor in vivo was to protect the parasite
from the proteolytic enzymes of the host's digestive
flulds, and that in heavy infections they were pro-
duced in sufficient quantity to depress protein digestion

in the gut of the host,
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One criticism of the work is that the animals
that were used were taken from the field where thelr
heavy natural infection with parasites was assumed to
be the cause of their unthriftiness, Such an assumption
can not be made without risk since the unthriftiness may
have preceded the parasitism, which might, therefore, be
only a secondary fector, Rumen function, for example,
might be 1mpalred and might improve while the animals
are under experiment and, at the same time, although
independently, the parasite load may decrease elther
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 fortultous,
Andrews (1938) carried out pailred feeding experi-
ments with 8 sheep that were artificlally infested with

Cooperla curticel, There were no differences in the

digestibility 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 Dblood.

In a later paper Andrews, Kauffman and Davies (1944)

studied the effect of T, colubriformis on the digestibllity
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of nutrients and again failed to find depressed protein
or fibre digestibility or decreased absorption of calcium
or phosphorus, In one animal the apparent dlgestibility
coefficients of &1l nutrients, except ether and crude
fibre, were depressed when the vitality of the animal
was So reduced by starvation and dlarrhoea 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 ine
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 those
showing diarrhoea: 1t may have been due to increased
intestinal activity and the retention of guanidine as
a result of the severe dehydration.

Franklin et al (1946) carried out digestibility
trials on weaned lambs artificlally infested with

T, colubriformis., The infested lambs showed a lower

livewelight gain and a depression of protein digestibility.

The llivewelght differences were not significant, although

they did approach 1t at the 5 % level, The differences

In protein digestibllity 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

corresponded with the perlod of greatest egg production,
Venkatachelan and Potwordlan (1953) examined




9 children harbouring Ascaris, 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 was lower after treatment, The average
values were 1,35 g per day and 0,755 g per day respect=-
ively = a difference that was significant at the 1 %
level, The nitrogen content of Ascaris eggs was deter-
mined and was 19,2 - 26,1 mg in a total faecal nitrogen
of 0,875 = 2,47 g. Two worm-free patients were glven
the anthelmintic treatment and catharsis but showed no
fall in faecal nitrogen. The authors concluded that,on
a low protein dlet, impalred protein digestion may be
an lmportant factor in the cause of nutritional oedems,
a syndrome which is seen primarily in young children

as a subacute protein deficiency,.

Rogers (1941) has studied the metabollsm of
trichinosed rats furing the early phase of the dlsease,
Arorexia and diarrhoea occurred 8 = 12 days after in-
faction. Protein digeastion decreased to a low figure
8 = 12 days after infection. He suggested that this
could be due to the presence of antliproteases and to
mechanical damage to the mucoss of the gut by the adult
worms, There was no difference in fibre digestion. In
the intermediate phase of the disease there was & minor

disturbance about 30 days after infection which may have
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been due to the adults leaving the gut. Inorganic
phosphorus excretion fell to a very low figure 4 = 8
days after infectlon, 24 days later it rose to 2 - 3
times the normal figure, Calcium assimilation fell to
& low level during the second 4 day period, and again
at the 9th, Weight loss was greatest in the 8 -~ 11 day
period. (Rogers 1942),

Bray (1953) on the other hand made a study of the
nitrogen metabolism in West Afrlican children, She was
able to find no consistent change in the nitrogen balance
after the elimination of Ascaris er Ancylostoma. There
were however data from only 3 treated individuals with

infections with each parasite.

Anthelmintlc Factors in the Diet,

Hall, Shillinger and Cram (1925) have reviewed
some of the early literature on the presence of anthel-
mintic substances in certain foodstuffs, but there 1is
little or no scientific evidence in support of the claims
made for them, The factors mentlioned include pumpkin
seeds, blueberries, pepper, tobacco, rew sugar, an anti=-
dilabetic diet and onions. The authors carried out tests
with raw onions in the diet of dogs over a sixty day
period and found 1little or no anthelmintic activity.
Some whipworms, hookworms and ascarids were passed but,
as they poilnt out, thelr elimination may have been

spontaneous and not related to the diet,
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Milk
Porter (1935) carried out a trial with 3 = 6
rats in each group wlth diets of either dried or re-
constituted milk with and without added iron and copper.
The rats on the milk dlet showed & greater susceptlbility

. to Nippostrongylus rmurls than those on a balanced grain

ration. The greater susceptibility was seen both in
primary and repeated infections. Added iron and copper
appeared to increase the resistance but this group was
intermedlate between the other two, The author presented
no statistical treatment of the results of these experi-
ments,

Reidel (1949) fed a normal diet and water or milk
to mice which were then infected with 100 Trichlnella
larvae, There were no differences in the number of
adults 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 hadtdeveloped. The varlation
was larger in the group fed milk, presumably due to
variations 1n intake,

Ackert and Reidel (1946) infested with Ascaridisa
galll chicks that were fed milk on elternate days. The
milk-fed chicks harboured oply 40 % as many worms as
those glven water,

Spindler, Zimmerman and Hill (1944) fed 14 pigs
on s8kim milk for 3 = 5 days and found that they eliminated




80 = 100 % of the Trichuris, O - 90 % of the Ascaris,
and 90 - 100 % of the Oesophagostomum present, The
elimination was assoclated with a profuse diarrhoea.
In a later paper Spindler and Zimmerman (1944) carried
out two trials under conditions of reinfection, with
groups of plgs fed milk plus grain each day or milk
for one day every 2 - 3 weoks, and a control group fed
a grain ration., Purgatlion occurred with the feeding
of the milk and with it was associated the elimination
of parasites. Autopsy showed low infestations with
Ascaris, Trichuris and Cesophagostomum, Splrurids and
lungworms, The effect of a milk diet on lungworms is
difficult to explain unless 1t is an indirect one.
Shorb and Spindler (1947) repeated the same

feeding regime with two virtually worm-free pigs per

group. The livewelight gains were 1.31, 1,13 and 1.15 1b

per day, whereas under conditions of reinfection
Spindler and Zimmerman obtained gains of 1,17, 0.85
and 0,32 1lb per day, The differences noted in the
weight gains in the earlier trial were then considered
to be due to the parasites primarily and to the diet
secondarily.

Whitlock (1951) carried out an experiment under
conditions of pasture grazing with concentrate feeding
in creeps, in which lambs 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 untll 5 - 6 months of
age. It 1s doubtful if the egg count differenceé be-
tween the groups were significant, It is doubtful also
whether the effect observed should be ascribed solely to
the absence of milk from the diet since the éarly-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 attempted in New Zealand.
Clarke (1954) has shown that similar worm infections
occurred in lambs that were weaned in early December as
in those weaned 5 weeks later, However early weaning
has a very conslderable advantage from an economlc and
flock management polnt of view., The main features are
the more economlcal utilization of feed through grazing
by the lambs, reducing as it does, ewe overhead and feed
conversion losses, by the reduced competition with the
ewes for the avalleble pasture, and the ease with which
the ewes can be handled after weaning in order to reduce
thelr condition for sale or for flushing prior to mating.
Barly weaning facllitates pasture utilization, weed con-
trol and shearing procedures,

Mackerras (1953) found that a milk diet suppressed

Plasmodlium bergel infections in rats, Ths infection dis-

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

was seen In infectlons with Trypanosoma lewlsi,

Sen Dutta and Ray (1955) reported that & milk diet
had no effect on T, evansil infection but it did affect

mammalian plasmodla but not trypanosomes, Babesia canis, or,

avian plasmodia, They suggested that i1t might be due to a
deficiency of para-aminobenzoic acid, foliec acld, 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 shown that some strains of white clover contain up
to 0,033 %, Tetley (1953) has considered the possibility
that this mey be toxic to internal parasites in sheep
grazing such pastures, He showed that, in vitro, pot-
assium cyanlde, in similar concentrations,ikilled some
of the infective larvae of the Trichostrongyles from
sheep, An aqueous extract of clover leaves was alsd
toxic to some of the larvae immersed in it. He grazed
lambs on worm-free pastures of (1) New Zealand certified
pedigree white clover 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 werse killed and the number of worms




present determined. Mean counts of 509.6 on the white
clover, 613,9 on the red clover, and 698.6 on the
cocksfoot were obtained, The cocksfoot group was sig-
nificantly higher than the other two groups, but there
were no significant differences between the two clover
groups., It is doubtful therefore whether the cyanide
content was the only factor involved.

Southcott (1955) has reported from Australia the
results of some observations on the effect of grazing

oats on the adults of Ossophagostomum columblanum 1n

sheep, He found that sheep grazing oats continuously
eliminated many adult parasites.. Pastures of Phalaris
tuberosa-subterranean clover and red clover resulted in
some elimination, but the effect was much less than with
ocats, On oats, not all of the parasites were expelled
and there was an assoclated softening of the faeces and
a fall in faecal pH, It was seen to occur with and
without large increases in body weight. There also app=-
eared to be some inhibition of emergence of larvae from

the nodules during the oat=grazing period.

Self-cure.

The term “self-cure™ was first used by Stoll (1929)
to describe a sudden spontaneous elimination of parasites
from en infested host., Stoll's observations were made

with two sheep iInfested with Haemonchus contortus, and




simllar observatlons have since been made with other
host-parasite systems by Sarles (1932) with Tricho-

strongylus calcaratus in rabbits, Gordon (1948) and

Stewart (1950, 1953, 1955) with Haemonchus contortus

in sheep and Michel (1952) with Trichostrongylus

retortaeformis in rabbits,

Some early observations on the phenomenon were
made by the writer at the Regional Pastoral Laboratory,
Armidale, New South Wales, 1n 1940, At the time, routine
collections of faeces were being made from several flocks
of sheep, and it was observed repeatedly that there was
a dramatic fall in faecal egg éount, not only in individual
sheep, but sometimes Iin virtually all members of a flock
of 30 - 40 animals, The change from high to low counts
occurred between two weekly sempling days. On some
occasions large numbers of e2dult Faemonchus were found in
the small "grab" samples of faeces removed from the
rectum. More detailed later work by Gordon (1948) showed
that the phenomenon could occur simultanseously in sheep
of different ages, in sheep with Infections of different
ages, In sheep with heavy or light infections, and in
sheep 1n different flocks situated several miles apart
and grazing pastures of very different botanical com-
position. It could occur in the field on pasture, but

not in members of the same flock recently removed to

pens and fed a constant diet., It was not a manifestation




of an imrmmune reaction as sheep could show self-cure

end almost immediately pick up a new infection which
might prove to be fatal. Self-cure was often seen after
rain and freshening of the pasture but before there was
any marked improvement in the nutritive value of the
pasture as reflected in livewelght changes, He post-
ulated the presence of an anti-helmlinthic factor in

the fresh pasture,

Subsequent work by Gordon (1949) and Stewart
(1950, 1953, 1955) showed that the phenomenon was an
~allergic sensitization which was precipitated by a large
intake of infective larvae, It was associated with a
rise in clrculating complement-fixing antibodies,
eosinophlles and blood histamine, and with =skin sensit-
ivity., The behaviour of the abomasum observed under
anaesthesia was one of increased motllity with a striking
oedeme of the abomasal wall,

Stewart also showed that the larvae of Haemonchus
could elicit self=-cure against the adults of Haemonchus
in the abomasum and also those of Trichostrongylus in
the small intestine while the larvae of Trichostrongylus
could elicit self-cure against adult Trichostrongylus but
not against those of Haemonchus, The assumption was
that the reaction occurring in the abomasum affected
adults in the stomach and lower down in the small intest-

ine, but in the case of Trichostrongylus the reaction 4dld
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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 mortallity in their first year
of 1ife, is a serious problem of calf raising on many
New Zealand dairy farms. The relative importance of the
many factors involved has not been determined, but it is
certain that coccldiosis, varasitic gastro-enteritis,
and paragitic pneumonla all play a part, as does &lso
general malnutrition and specific dletary deflciencles
such as occur in areas low in available copper or cobalt,

Untill recently 2ll laboratory examinations for the
diagnosis of parasitism in cattle have been carried out
at the Wallaceville Animal Research Station, and data
collected over several years have been examined in an
attempt to improve the interpretation of the results of
faecal egg counts, which at the present time, 1s beset
with many difficulties. A study of these observations
will also provide a background for the better appreciation
of the experimental results presented in the following
section on the effects of rotational greazing 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
unpreserved or formalinised. On arrival they were
opensd, washed and screened through a fine sieve., The
material retained in the sieve was dlluted 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
meshes per inch), and the worms present counted individ-
ually. The lungs were examined by opsning the bronchi
and estlmating 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 some of the
heavier counts from which tentative conclusions as to
the relative abundance of the specles of parasites present
can be drawn. In many cases the lungs or the large in-
testines were not submltted so the data for these organs
are lncomplete.

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 records and the fact that more

cases suspected of beilng heavlily parasitised would be
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submitted by veterinarians in the field, It 1s true
also that many clear cut cases of parasitism would not
be submitted but there would tend to be more where the
aetlology was obscure or where there were complicating
factors, It 1s clear also that there was not a Dom-
inion~wide cover and that there was a preponderance of
specimens from certain areas., Several factors contrib-
uted to this, such as proximity to the laboratory, the
availabllity of good express =ervices, the interest of
the field worker concermed, 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 sultable containers were
avallable at the time of the autopsy elther no samples
or only inadequate samples were collected.

Specific identification of the parasites collected
have shown that the species most commonly found in large

numbers were QOstertagia ostertagl, Trichostrongylus axel

and Cooperia onchophora, Associated with these but occ=

urring in smaller numbers are 0, trifurcata, C, McMasteri

and C., punctata, Heavy infectlon with Haemonchus was un-

common and Bunostomum and Bosicola were kelatively rare,
In 1soleted cases, however, heavy infestation with the

larval stages of Bosicola have been seen, Dictyocaulus

viviparus was commonly associated with ocutbreaks of
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parasitic pneumonia in both calves and yearllings, In the
case of the latter the field diagnosis, both clinically
and on post-mortem examination, was so simple that speciw

mens were seldom sent to the laboratory,
TABLE 1

Date Locality Haem. Ost. Trich, Coop. Bune Trich- Dicty.

(T0oq) ('000) ('000) urls
April Palmerston 0 42 48 30 0 0 0]
North

n: Pahiatua 0] 47 0 0 0 0 0

n Taumaranui 0 76 3% 37 0 0 -

" Ruakura 0 10 0 0 0 0 0

" Taumaranuil 0 68 52 22 0 0 -
May Featherston O 36 28 20 0 - -
'  Paeroa 134 16 8 14 0 - -
June Ruakura 0 11 2 7 0 0 0
" Wanganui 0 54 63 3 0 1 30

" Taumaranui 0 24 24 36 1 - 0

" Trentham 0 116 93 84 0 0 0
July TUpper Hutt 0 125 16 0 0 20 0
Auﬁ. Whakatane 0 26 16 36 Q 150 0
Whakatane 0 80 34 30 0 20 0

" Whakatane 0 22 32 5 0 40 0]

" Whakatane 0 15 0 68 0 10 0

m Hamilton 0 20 14 18 0 0 -

" Galatesa 184 3 29 10 0 0 30

" Rualkurs 0 48 8 4 0 - 0

" Familton 0 18 29 3 1 - -

" Taumaranui 0 36 56 0 37 0 -
Sept. Whangarel 0 24 14 16 7 0 -
" Whakatane 20 27 2 0 0 7 -
Nov, Hamilton 0 67 10 0 0 - -
n Timaru o] 15 37 14 0 0 -

The results presented provide evidence of a marked
seasonal occurrence of heavy worm infections in the autumn

and winter months. It should be pointed out, however, that




in New Zealand virtually all calves kept for herd re-
placements are born in July or August. Roberts (1941)
has shown that in Queensland the pattern of worm infect=
lon was similar in calves born at different times of the
year. It is probable therefore that in New Zealend the
same 1s true, and that the apparent seasonal occurrence
of heavy infectlon was a reflection of the fact that
there was a populatlon of young animals that all reached
thelr most vulnerable age in the autumn months, rather
than that the autumn months provided weather conditions
most favourable for the development of the parasites on
the pasture,

The feecal 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 sultable for examination under these cir-
cumstances for several days,

The analysis of the egg count data has been carrled
out by means of punched cards on which were entered ﬁhe
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 some
from older animals, but the records were so often in-
complete in thlis respect that all specimens have been
consldered together, The intensity of the infection has
been expressed as the mean egg count and also as the per-
contage 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 may give a more reliable measure, since the mean egg
count 1s influenced so much by & few very high values,
The following tables show the number of specimens
examined over recent years, the distribution of the counts
rgcorded, the seasonal and regional comparisons, and the
relationshlp 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,

TABLE 2 Yearly Comparlisons 1941=-1954

Year Samples Examined Mean E.G.P. % over 500 % over 1,000

1941 7))
1942 6 )
1943 108 )
1944 51 )
1945 192 ) 290 20 12
1946 20 )
1947 30 )
1948 144 )
1949 370 )
1950 714 170 8,5 3
1951 430 400 17 10
1952: 312 400 20 11
1953 332 550 21 12
1954 582 450 20 12

Total 35305 330 15 8
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Distribution of Counts 1941 -~ 1954
Eggs per Gram Frequency Percentage of
Total Samples
Negative 1,533 46
1 - 500 1,351 41
500 -~ 1,000 151 5
3,000 -~ 5,000 28 0.8
10,000 and covsr 17 045
Total 3,305 100
TABLE 4
Monthly Comparisons 1941 - 1954
Month Samples' Percent. Mean Egg Percent, Percent.
' BExamined of Total Count of Counts:r of Counts
over 500 over 1,000
Jan. 182 545 240 12 6
Feb, 199 6 320 14,5 6.5
Mar, 231 7 400 17 9
April 216 6.5 870 22.5 12
May 3056 9.5 540 24,5 . l4
June 355 11 350 16,5 7.5
July 346 10,5 650 24,5 14
Aug., 465 14 290 11 )
Sept, 253 7e5 310 8 5
Oct, 287 8¢5 1¢0 7 4
Nov, 285 8.5 120 5 2.5
Dec . 181 5.5 120 8 1
Total 3,305 100 350 15 8




TABLE S

Seascnal Comperisons
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1941 -~ 1954

Season Samples Percent, Mean Percent, Percent,
Examined of Total Egg Count of Counts of Counts
Qver 500 OQOver 1,000
Spring
(Sept.~YNov,) 748 24,5 310 7.5 4,5
Summer
(Dec ,~Feb.) 534 17 330 12,0 5,0
Autumn
(Mar .~Nay) 721 23 500 21,0 12,0
Winter
(Jun."‘Aug.) 1’060 55.5 450 17.0 800
Total 3,063 100 350 15.0 8.0
TABLE 6
North Island -~ South Island Comparisons
1041 - 1954

Number of Mean Egg Percent,of . Percent,of .
Specimens Counts Counts over 500 Counts over 1,000
North Island

2,371 350 13 7.8
South Island

399 410 13.5 845

Total

3,270 350 15 8.0
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TABLE 7

Reglonal Comparisons 1941 -~ 1954

Region Number of Mean Egg Percent, of Percent., of
Specimens Count Counts over Counts over
500 1,000

Northland 405 330 15 8
Auckland -

Wailkato 1,085 420 16 9

Bay of Plenty 141 440 20 10
Tarenakil 476 180 9 3
Wellington =

Manawatu 753 350 15 745
East Coast 11 200 18 g
Westland 141 290 10 )

Nelson =

Marlborough 103 350 15 8
Canterbury 76 780 20 16

Otago 34 180 9 6
Southland 45 450 14 10
Unknown 35 360 23 11.5
Total 3,305 350 15 8

TABLE 8

Climatological Data

Reglon hAnnual Rainfall Mean Summer Mean Winter

{(Inches) Max, Temp. Min, Temp.
Northland 50 75 46
Auckland -

Waikato 50 75 43
Bay of Plenty 50 75 40
Taranaki 65 70 43
Wellington =

Manawatu 45 70 40
Bast Cosast 35 75 40
Wsstland 100 65 36
Nelson =

Marlborough 35 72 36
Canterbury 25 70 34
Otago 50 65 36

Southland 45 65 34
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Since dlarrhoea 1s & prominent symptom in many
parasitic Infectlons this point was examined in the pre-
sent series, The consistency of the faeces was recorded
by classifying the specimens into one of five categories
according to the moisture content, The assessment was a
visual one, By a further grouping into three categories,
samples showing evidence of constipation, those which
might be consldered normal for calves grazing on pasture,
and those where there was evidence of scouring, no marked
difference was seen with the exception of the first group,
but this was & small sample and no definite oplnion can

be reached,

TABLE 9

Feecal Consistency Comparisons 1941 - 1954

Consistency Number of Percent. Mean Egg Percent. Percent,

Samples 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

Consistency Comparisons 1941 - 1954

Consistency Number of Percent, lMean Fgg Percent. Percent.
Samples of Total Count of Counts of Counts
over 500 over 1,000

Constipated
faeces (soft-
formed) 31 1 700 32 20
Normal faeces
(soft, very soft)
2,138 71 350 15 7.5
Abnormeal
faeces
(diarrhoelc,
very diarrhoeic)
828 28 360 156 9.2

Total 2,997 100 350 15 8.0

Two of the main difficultles met with in the inter-
pretation of egg counts from diasgnostic material are the
facts that an alling animal showing inappetence of several
days standing will show an automatic increase in the num-
ber of eggs per gram due to the lowered faecal output,
and, on the other hand, when dliarrhoea is present the
increased water content of the feeces effects & dilution
of the eggs present, provided the dry matter content of
the faeces is maintained., It 1s possible, however, for
an animal with diarrhoea to show a falsely high egg
count if the total feecal output is reduced through a
lowered food intake, Smaller 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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Results

The results showed a remarkeable conslatency from
year to year, although there was one year, 1950, when the
infestation was considerably lower then normal, Refer-
ence tc meteorological data for that year shows that the
rainfall over the early part of the year was very much
below average, the winter was mild and the spring was a
very favourable one. The low counts, therefore, would
appear to be & result of the summer and eerly autumn
drought preventing a builld up'of infection in the late
autumn and winter months,

The seasonal comparisons showecd a well~mrarked
autumn peak and a spring trough., As previously mentioned
it was not certain whether these effects were truly
seasonal ones, or due to the age of the host,

The reglonal comparisons showed a complete lack of
& north to south gradient in the severity of infection
although 800 miles sevarated the most northerly districts
from the most southerly ones, The combined figures for
the two 1slands, which overlap to & very small extent,
and vary conslderably in climate and farming practlce,
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 areas,

although rainfall mey not be the determinant, The results
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were conslistent whether the mean count or the proport-
ion of moderate or high 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 remalning areas,
which showed no differences between themselves., Because
of the small numbers involved no conclusions could be
reached concerning Otago, Southland or the East Coast,

The position in other countries vwhere conditions
are not simllar might be quite different. It is poss-
ible that the warm temperate to sub-troplecal parasites,
such as Haemonchus, Bunostomum and Bosicola, might play
& more important part elsewhere, and the lack of a diff-
erence in New Zealand hetween the North and the South
Islands might be due to the fact that the species con=-
cerned are mainly those of the cool temperate regions,
and a much greater range of temperatures might be
necessary for a difference to appesar,

The real diffgrenge between the eastern and the
wostern districts was an unexpected one if one assumed
thét 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
nécessarily, associated with the rainfall, Taranski,
for instance, 1is an area of high natural fertllity,

whereas the Bay of Plenty and Canterbury have a lower




soll fertility, and also possess certain areas where
deficiencies of minerals such as copper, cobalt and
iodine are recognised, and such factors may affect the
levels of infection. An alternative explanation might
be that the higher rainfall resulted in a level of in-
fection so high that, under the good nutritional con-
dltions existing, a solid immunity was established with
greater certalnty than elsewhers, On the other hand,
although the rainfall on the eastern side 1s lower than
on the west, 1t may still be high enough to allow ample
development of the larval stages, and the difference
observed might be gquite unrelated to rainfall, Another
effect of heavy reinfall might be to wash infective
larvae from the pasture into the soil so that they
become avallable to the grazing animal in smaller
numbers,

THE EFFECT OF A SYSTEM OF ROTATTIONAL GRAZING
ON THE NEMATCDE PARASITES O ATRY CALVES.

For a number of years at the Ruakurs Animal Re-
search Station compuarisons have been made between groups
of calves ralsed under different systems of grazing man-
agement,

In each year one group has been ralsed under con~
dltions of get-grazing which are very similar to those
seen on many typical New Zealand dalry farms, The

calves graze from the age of a few days, and are confined




- 70 -
tc one small paddock near the milking shed, where they
remain untll weaning when the pasture conditions usually
make a change of paddock essentiai. Pasture deterior-
atlon occurs under the highly selectlve grazing behaviour
of the calves and when grass growth is vigorous the
pasture becomes rank and the calves then refuse to eat
the rough herbage., Grass contaminated with dung is
unattractive so that the area grazed becomes smaller
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 calves are run with 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=-
sult in more satisfactory growth and a marked reduction
in mortality. The éystem has been described briefly by
Ballinger (1942), Gerring (1947), and McMeekan (1947,
1948, 1954)., The svstem consists essentlally of
rotational grazing of the calves shead of the milking
herd. The cows graze the paddocks only after the
calves have selected their ration and been moved on
to the next area In the rotation. After the cows have
eaten much of what remains, the dry stock - the yearlings
and the non-~lactating cows - are used to clean up the

rough unpalatable grass left by the milking cows.,
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It 1s obvious that adequate subdivision and
watering facilities are necessary for the adoption
of such & system of rotational grazing. It 1s obvlous
also that such subdivision will allow better utiliz-
atlon of pasture, better opportunities for the con-
servation of hay, ensllage and autumn-saved pasture,
as well as resulting in an increase in total pasture
production which normally follows en on=and=off type
of grazing management, The maintenance of a uniform
high plane of nutrition for the growlng and producing
animals 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 the set-stocked and rotationally-
grazed groups,

TABLE 11 Body Weights on 31lst March

Season Rotated Set-stocked Difference
1940-1941 416 1b 354 1b 62 1b
1941-1942 423 3560 63
1942-1943 439 374 65
1943-1944 385 334 51
1044-1945 405 279 126
1045-1946 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 3858 288 av




At the average age of 20 months the hody welght
difference increased to about 140 1D,

In the early years of the trial, 1940/41 to
1944/45, rotational grazing was begun when the calves
were weaned at 4 months of age and the pastures were
grazed by 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 1t was grazed agaln by the calves on their next
round, Although grazing times and resting times varied
throughout the season, depending on the amount_of feed
available and the number of paddocks that were shut up
for hay and ensilage, 1n general the paddocks were
grazed for 2 - 3 days and there was a perlod of about
10 ~ 14 days between successlve grazing periods., While
these figures are typlcal there were very wide variations
depending on the rate of growth of the pasture, and the
time taken for a paddock to recover after grazing.

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 the calves falls
about midway between successive grazings by the milking

ccews, Under this modifled system there 1s some recovery
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of the pasture before the cows graze it. The periods
between grazings are then usually about 7 - 10 days,

It 1s important that the cows and the calves should
graze the same paddocks since the pasture that is unpal-
atable for the calves 1is more readily eaten by the cows
and later the regrowth 1s again acceptable to the calves,
This appears to be quite important since there are in-
stances 1In the fleld where farmers 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-grszing system.

The results are less setisfactory 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 paddﬁcks is continued.
The calves soon become &accustomed to the hay and they are
kept on an ample hay ration after the autumn rains fall,
so that the quickly growing grass is not consumed to
any great extent untll it has had time to mature,

Material anc Methods

In seversl seasons parasitological cbservations
were made, Faecal samples were collected direcdtly 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,




Threes 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 conslstency and rarely did

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

severe dlarrhoea, It was considersd reasonable, there-
fore, to 1ignore differences in dry matter content of

the faeces and the dilutlion effect that might be expect-
ed to accompany scouring. Purther, no attempt has been
made to apply a correction for the lncreasing quantity
of faeces passed as the calves grow older,

Statistical analyses have been carrled out on
square root transformations of the original number of
eggs counted ner slide, on each day that samples were
collected. The results are presented in grevhical form,
each graph showing on & logarithmic scale the mean num~
ber of eggs per g. of faeces for each group. The level
of slgnificance of the differencesbetween the group
means is indicated on the graphs,

There were a number of variaticns 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, Details of
the treaﬁments in the seasons when samples were teaken
are glven below,

1940/41: In the first season there were two
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groups of 14 and 15 calves., One was set-stocked and
the other was rotationally grazed from weaning, The
first examination for parasites was carried out on
Aprll 17, 1941, and at this stage the condlition of most
of the animels in the set-ztocked 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 glven during
June and July. The results failed to indicate any
beneficial effect of treatment, as measured by reduct-
ion in worm egg ccunt in the treated animals, On
Aagust 14, all animals wsre drenched with phenothiazine,
In thls season seven calves dled during May, June and
July, five of the deaths were in the set-stocked group,
and two in the rotationally-grazed group. For simplic-
1ty, the gravh of the egg counts of the calves in their
original groups 1ls given, while the drenching treatment
of the calves and the fact that they were run together

after mid-April has been lgnored,
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1941/42: In the second season thers were 15
calves in the rotationally-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 quantities and it was used for the regular
treatment of half the animals in the set-stocked group.
Drenching was carried out at three-weekly intervals from
January untll June. The dose rate was 20 g. in January,
February and March, and 30 g. in April, May and Junse.

On a body welght basis the above doses ranged from 0,1 g.
per 1lb., body welght in the lightest to 0,05 g, per 1lb,
body weight in the heaviest calves in the group.
Drenched and undrenched set-stocked animals were run
together,

Rotational grazing wes beguh after weaning, In
this season there were two deaths in May and Juns, both
of which were in the set-stocked undrenched group.

1942/45: 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
necessary. None of the groups was drenched., The graph
presents only the data for the standard set~stocked and

rotationally~-grazed groups of 11 and 10 calves,
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1943/44: In this season, in addition to the
standard groups of 13 calves each, a third group was
set-stocked from weanling until January and then trans-
ferred to the rotational system. The same treatments
were replicated in a further three groups of animels.
This trial was terminated rather earlier than usual
owing to unfavourable dry weather and feed conditions,
No drenching was cafried out and there were no deaths,

At thls stage the scope of the project was
changed from a study of methods of calf rearing to one
of lifetime productivity of dairy cattle under good
and poor conditions of management, with provision for
a switch over of half of each group from one level to
the other after the first calving., The rew 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, 1.e., 2 cwt, superphosphete per acre and one ton
of lime on the peat areas,

On the so-called low plane farm there were five
paddocks of 10 - 15 acres each, where the calves were
reared under a set-stocking system and the cows were
menaged on the day paddock/night paddock method of

grazing., No ensllage was saved but hay was conserved




at the rete of approximately % ton per milker and
% ton per head of dry stock. The pastures were not
topped with the mower and harrows were used only to
a limited 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 1% 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 polnt, regular examination of faecal
samples was discontinued 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 restrlcted to the low plane
group, where the primary object was to ensure the sur-
vival of the maxlmal number of experimental animals in
this group, rather than as a part of an experiment to
study the effect of drenching per se, For the same
reason treatment was not given to the high plane group
as 1t was clear that 1t was not necessary. For these
two seasons therefore the comparlson is between animals
rotationally-grazed without anthelmintic treatment, and
animals set-stocked and glven repeated treatment with

phenothiezine, As there were no set-stocked animals




that were not trsated, the effect of anthelmintic
treatment alone cannot be assessed.
The dose rates of phenothiazine and dates of

drenching the low plane animals were as follows: -

Average per lb, body weight

1947/48 Jan. 31 28 g. 0.12 &.
Feb, 25 " 0.11
Mar., 31 " 0.10

1948/49 Feb, 2 " 0.12
Feb. 16 " 0.12
Mar, 2 n ‘ 0.1l1
Mar, 23 35 Ze 0,13

The above dose rates are consldered by some work-
ers to be rather low for calves (Cauthen, 1945), the
reason that they were not exceeded being that on two
occasions, at Ruakura, drenching with phenothiazine heas
been followed by keratitis and so the smaller doses were
used to reduce the risk of a recurrence of this condit-
ion which, in 1itself, can give a severe check to grow-

ing animals. (Whitten, Clare and Filmer, 1947).
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Results

In all seasons there were significantly more
eggs passed by the set-stocked calves at one tlme or
another during thelr first year. The level of infest-
ation varied widely from'year to year and the period
over which significant differences were noted in éhe
¢gg counte also varied widely, The earliest that it
appeared was in December, and ln one year it persisted
until the ené of July. In most seasons 1t was re-
stricted to the period from Januery or February until
April or May. It 1s of interest to record that the
high plane group did not show significantly higher egg
counts than the low plane group on any of the 61 sampling
days. This 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 plane group passed
significantly more eggs than the high plane group on
27 occaslons,

It is true that there would be a greater output
of faeces by the heavier high plane animels and that
this might be expected to have some effect in reducing
the egg count per gremme of faeces in thils group. It
is certain, however, that the difference due to this
factor would be but a fraction of the reel differences
recorded.

There were no significant differences between the
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groups drenched in 1941 with bluestone and nicotine
sulphate, with tetrachlorethylens, and those that were
undrenched. In the following year there were no diff-
erences in the egg counts of the animeals drenched re-
peatedly with phenothiazine and those that were un~
drenched and grazing the same area as the drenched
animals,

The low infestaticns recorded in 1943/44 were
apparently due to the fact that this was a very dry
season when the pasture growth was so poor that the
calves were largely maintained on conserved fodder. It
1s of interest also that in this ssason the egg counts
were the lowest recorded, and also the body welght diff-
erences were smaller than those noted in any other yeer,

Discussion

The poor results obtained in 1941/42 with pheno-
thiazine were unexpected &t the time, but, as has been
pointed out earlier, the parasites that ere most fre-
quently found in large numbers in New Zealand are

Ostertagia, Trichostrongylus axei and Cooperia spp.,

whereas Haemonchus and Bosicola are relatively rare,

Most workers are generally agreed thet Haemonchus and

Bosicola are very susceptible to vhenothiazine, and in
most other countries where anthelmintic tests have been

carrled out, Haemonchus and Boslcola are much more

common than they are in New Zealand, There are a
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number of published papers giving data on the eff-
leclency of phenothiazine against the specles 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. ver lb, body weight were highly

effective agalnst Ostertagia and T, axel, Taylor and

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

that they were highly effective against Ostertazis.

Porter (1941) showed that at 0.1 g. per 1lb. body weight
the drug was highly effective against T. axei but not

Ostertagla, and that to be effective against the latter

peraslite the dose had to be increased to 0.2 g. per lb.
body weight, Porter, Simms and Cauthen (1941l) stated
that at 0.2 g. per lb, body weight 1t was not effective
against Cooperisa spp. Roberts (1941) found that at a
dose rate of 0,16 - 0.8 g, per lb, body weight 1t was

effectivs against QOstertagla and Trichostrongylus but

not against Cooperia, Recently Riek (1951) in Queensland
has reported observations on the efficlency of the drug
in doses of 0.1, 0.2 and 0.3 g. per 1lb, body weight,

and his data suggest that agalnst Trichostrongylus it

was highly efficlent only at the two higher dose rates,

but against Ostertagia and Cooperla the efflciency wes

poor even at 0.3 g. pver lh, body weaight,
The voor 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 basls 1s
taken iInto account and the fact that the three most
common specles at Ruakura are among those that are
less readily controlled by anthelmintics,

Rotational grazing has long been consldered as
one means of reducing the risk orf parasitic disease
outbreaks, The free-living stages of the worms are
influenced by such factors as heat, cold and dryness,
and elthough different specles vary widely in thelr
reslstance to adverse envirommental factors, death of
the larvae will follow the mere passage of time i1f they
are not ingested by a sultable host,

Information on the survival of infective material
of cattle parasites on pasture 1s scanty. Most workers,
who have reported observatlons on longevity of larval
stages, have made thelr measurements by grazing worm=
free animals on areas kept vacant for known periods
and later slaughtering them to recover the worms
acquired from the pasture, Few data have been pub-
lished on the rate of loss of Infection and this 1s
due, no doubt, to the very real technical difficulties
that are encountered in thls type of work, It 1s true,
however, that whille a few larvae may survive for a
long period, the fact that the vest majority may dis-
appear after a much shorter period may have an import-

ant influence in reducing the uptake of infectlion by
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grazing animeals,

Baker (1939) at Cornell University stetes that

Ostertagia and Cooperila larvae survived on peasture for

9 months, Threlkeld and Johnson (1948) noted that

Ostertagia survived 4 3 ~ 6 3 months in Virginie,

Swanson, working in Florida, found that Ostertegia,

Trichostrongylus &nd Cooperia were able to survive for

o 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 raln-
fall then, l& considered to favour the uptake of larvsae
by the host not so much he allowing development of eggs
to proceed, but mainly by effecting dispersal of the
larvae when the pad disintegrates., He polnts out also
that larvae from cattle faeces are capable of lateral
migration through several feet, It 1s clear then that,
under grazing conditions, larvas could migrate from
faeces where the grass l1s unpalatable to grass sufflc-
lently far away to be eaten reasdily.

Recommendations for the use of rotational grazing

to control parasitism usually provide for the perilods




between successive grazings to be as long as possible,
From the flgures quoted above it is clear that the re-
latively rapid rotetion practised at Ruakura would be
of limited valus ;n this respect. This is particular-
ly true of a locality such as Ruakura 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 less then
one inch of rain fall in any month. The maximum summer
temperatures seldom exceed 80°F, and minimm winter
temperatures seldom fall below 24°F,

Under optimal conditions of temperature (80°F)
and moisture, larvae may reach the infective stage in
4 - 6 days, so that the calves would return to the
paddocks 1n many instances when the larvae developing
from faeces deposited on the previous round, would be
at thelr most vigorous stage,

At Ruakura it is only under special circumstances
that the pastures are left unstocked for periods of
longer than those mentioned above., When calves are
grazed on paddocks that have been cut for sllage the
period of rest varies from 4 - 6 weeks, and in the
case of hay aftermath, for periods of 8 - 10 weeks,
During the late autumn and winter months the animals
have access to autumn~-saved pasture, In this case

paddocks are shut up in mid-April and fed off in small
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breaks by the use of the electric fence, The earliest
breaks fed will have been rested for 8 - 10 weeks and
the later breaks for 18 - 20 weeks. It is considered
that the effect 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 these paddocks and on the second and sub-
sequent grazing periods there will be available infect-
ive larvae which have developed from eggs deposited at
the time of the first grazing, The same 18 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 contemination seeded on to the pasture and
the numbers of larvae that subsequently become avail-
able to the calves., It ls probably true that the in-
fections 1in the calves are inltiated when the young
animals begln to graze and pick up larvae, most of
which have been deposited on the pasture by the pre-
vious season's calves, The Infections are then bullt

up, slowly at first, but then more rapidly by auto=-




infection from material seeded on to the paddocks

by the calves themselves, It is unlikely that the
cows would meke any appreclable contribution in this
dlrection, as the infection in adult cattle is always
very much lower than that 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 material which
1s deposited would have the opportunlity of being picked
up by the animals that are most susceptible to infect-
ion. On the other hand, under rotetional-grazing, the
stocking rate of calves per acre would be much lower,
the eggs would be spread over a much greater ares,

and only a fraction of the larvae after development
would be ingested by the calves, Since the ssme area
1s 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-
velop and be destroyed,

It has been pointed out by Taylor (1934) that
while large numbers of larvas gre able to reach the
upper leaves of clover plants, this 1s not the case
on the grasses where they tend to be deflected and
come to rest on the outer and lower leaves, and only
relatively few reach the upper portions of the younger

and taller inner leaves of the plant, This fact would
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suggest that where the calves need only graze & padd-
ock lightly, the parts of the grass that are less
heavily contaminated would be availlable 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.,

It 1s 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 1s trme also that the effect of a
given Infestation would ke less when the host is on
& high plane of nutrition: In other words, a greater
numbsr 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 develovrent, fecundity and longevity, are all
reduced when the host is maintained on & high plane
of nutrition.

It is at present lmpossible to assess the re-
lative Influence on body welght of parasitologlcal
and nutritional factors but, in the writer's opinion,
it 1s 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 falrly constant from year to year where-
as differences in the worm burden, although constant-
ly in favour of the rotationally-grazed group, varied
very widely from year to yeer, both with regard to the
magnitude of the difference and in the period over

whlch the differences were detected.

Ascarls lumbricoldes in New Zealand Pigs.

It has often been considered that Ascaris

lumbricoides is one of the most common parasites of

the pig and also one of the most pathogenic., There is
no doubt that thils true in many parts of the world but
untll recently there was 1little information available

on 1ts importance in New Zealand. Many workers, notably
Ransom and Foster (1920) and Roberts (1634), have shown
that young pigs are more suscepntlble and show a higher
incldence than older animals, In slaughtered plgs the
incidence 18 usually higher 1n porkers than in baconers
or older breeding animals.

With the help of the meat inspectlon starff 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 undertaken in several abattoirs
in New Zealend, The animels were selected at random
without reference to the condltlon 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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examlned for the presence of the parasites, It is
obvious that with such a procedure it would be unlikely
for an inspector 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

Incldence of Ascaris lumbricoides in Plgs.

North Island Number Examined Number Infested
North Auckland 13,761 0
Auckland 45,868 55
Hawkes Bay 43 0
Taranaki 475 0
Weirarapa 50 L.
Wellington-Manawatu 369 Y

60,566 57

Percentage of Total Infested - O.l %

South Island Number Examlned Number Infested
Nelson 467 10
Christchurch 663 130
Dunedln 302: 45
Invercargill 400 0

1,832 185

Percentaze of Total Infested - 10.1 %

The results showed that the 1lneidence in the
North Island was very low but it was much higher in

the South Island, &t Invercargill, 1in Southland,
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the incldence 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 associated with an
elimination of Ascaris and other nematodes, it 1s pert—
inent to consider the environment in which pigs are
ralsed in New Zealand,

Approximately 90 % of the pilgs are found in the
North Island, where they are fed mainly on skim milk,
whey, or buttermilk supplemented with barley dr other
grains, meatweal and pasture. There 1s some feedlng of
garbage near the cities., In the South Island, on the
other hand, grain feedimg 1s more common, although in
some areas milk by-products are aléo fed,

There are a number of points that should be made
regarcing the survey figures, The Auckland sample com-
prised some pigs from the Auckland area, but most of
them came from the Walkato, Bay of Plenty, and North
Auckland dalrying districts, and were fed malnly on
milk. The sample from Taranakl included 200 from
Patea, a location chosen specifically for the reason
that virtually all pigs there were fed whey., The Well-
Ington sample included 225 pigs that were known to be
from gartege-feading establishments, The pigs from
Invercargill were all milk-fed,

If the feeding of skim milk were responsible for
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the low incldence, a simllar incidence 1in garbage-fed
plgs might be explained by the fact that the pigs
bought by the garbage feeders would come from & pop-
ulation in which the ircidence was low, and it would
be unlikely that infected pigs would hs 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-
amined feral pilgs from both Islands, Nine out of a
sample of 21 pigs, or 43 %, wsre infested, He also
found Ascaris ova in 14 out of 40 faecal samples from
feral plgs. He examined 1,024 domestic pigs, slaughter-
ed in Wellington, in which the incidence was 1.3 %.
Hls results lend support to the theory that a lack of
milk favoured infection, but would fell to support an
elternative one that the important place of grazing in
plg-feeding practice in New Zealand was the operative
factor.,

Feeding Skim Milk to Paraslitissd Pilgs

To investigate further the effect of feedling
skim milk on nematode infections 1in pigs & number of
animals were purchased after faecal examination showed
them to be infected with Ascaris and/cr Ossophagostomum,

The pigs were placed in metabollsm crates which allowed

collection of the faeces passed each day. The collections
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were not quantitative but 70 = 90 ¥ of the faeces

passed was collected, screcened and examined for para-
sltes. As & rule Iin these experiments when there was

a large emount of faeces only & fraction of the total,
usually 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 plgs are given below,
Pig No, 1
A faecal examination showed the presence of both
Ascarls and Oesophagostomum eggs, It was fed a scle
ration of fresh sklm 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 1t passad
50 Oesophagostomum; on the second day 1t passed 41
Oesophagostomum and one male Ascaris; on the thlrd day
1t passed 68 Oesophagostomum, and on the fourth day 2
Oesophagostomum, When the animal was killed it still
harboured 1,332 Oesophagostomum, S mature and 2 lmmature
Ascaris, There were 10 lungworms iIn the bronchi,
Because of the bulky nature of the contents of the
large Intestine of the pig and the difficulty of detect~
ing and counting small worms llke Oesophagostomum in
the very fibrous material, the opportunity was teken
during the autopsy on this animal to determlne the

distribution of the parasite in the bowel,
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Four reglons were examined separatély: (1) the caecum
from the blind tip of the viseus to the 1ileo~caecal
valve, (2) from the
1leo-caecal valve to a point half way to the centre of
the colled 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. Iﬁ this animal this was the
point where faecal nellets were beginning to form, The
number of Oesophagostomum in each of the four regions
waes as follows: - Region No., 1 .. .. &8 worms
No., 2 .+ 1,300 worms
Noe 3 .. 4 worms
No. 4 .. +o O worms
With this information the counting procedure could be
simplified by discarding much of the‘bulky bowel con-
tents from regions outslide the normal habitat of the

parsaslite,

Pig No, 2
The pig was placed in the crate and fed a grain

ration for two days, then for three successlve days 1t
was fed 3 1b of dried skim milk in about 2 gallons of
water, On the second day of the milk feeding the animal
scoured and passed 6 Oesophagostomum. On the following

day 1t scoured more severely and passed a further 15
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Ossophagostomum and one Trichuris. The pig was killed
two days later and the large and small intestines anc
tha lungs examined for worms, It harboured 5 Ascaris,
28 Trichuris, 6 Oesophagostomum, and one lungworm.
Pig No., 3

An examination of the fzeces of plg No. 3 showed
the presence of both Ascarls and Oesophegostomum eggs.
It was fed dried skim milk iIn water at the rate of 3 1b
per dey for three days, Within three hours of the first
feeding 1t scoured, and during that day 296 Oesophago-
stomum and one Trichurils were passed, During the next
day 238 Oesophagostomum, 3 Trichurls and one lmmature
Agcarils were passed, When the animal was slaughtered,
two days later, 850 Oesophegostomum were collected from
the colon, end three mature Ascaris from the small ine-
testine,

Pig No., 4/5

This plg was used for two experimental feedings,
and so the results from this animal provide a double
record in the table., IFaecal examination showed the
presence of a very small number of QOesophagostomum
eggs but a moderate number of Ascaris eggs. The plg
was fed one 1b of lactose in one gallon of water on
each of three successive days., During the period of
the experiment there was no dlarrhosa but some mucus

was passed 1n the faecss, Only four Oesophagostomum
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were passed, and, since 1t was known that a number of
Agscaris 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 & minimum of water added, A total of 9 1b
was fed over a period of 4 days. No worms were passed
and the animal was slaughtered. On post-mortem exam-—
Ination 1€ mature Ascarls were collected, there were
no Oesophagostomum, and there were 4 lungworms in the
bronchi,
Plg No. 6

Plg No., 6 was fed 1 1b of lactose In water on
each of 4 successlive days, There were 23 Oesophago=-
stomum passed in the faeces, Waen the animal was killed
two days later 23 Oesophagostomum remained in the colon,
There were 4 Asceris in the small intestine, and 25
lungworms in the bronchi.
Plg No, 7

Pig No, 7 was placed in the crate and fed one 1b
of caseln mixed with water, The mixture was eaten slow=
1y on the first day and was obviously unpalatable, The
second pound wes not eaten completely even after a
further two days without other food. The pig passed 14
Oesophegostomum between the first and the third day of

the trial. On post-mortem 2,040 Ossophagostomum
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remained and there were approxlimately 200 lungworms

in the bronchi,

TABLE 13

Ratlo of Worms Passed to Total Worms Present.

Pig No. Treatment Qesophago~
stomum
1 Fresh skir 161:1493
milk (11 %)
2 Dried skim 21 227
milk (78 %)
3 Dried skim 536¢+1386
milk (38 )
4 Dried skim 0:0
milk
5 Lactose 4e4
(100 %)
6 Lactose 23146
(50 %)
7 Casein 1442055
(7 %)

Ascaris Tri- Tungworms
churls remaining

1:8 - 10

(12 7)

0:5. 1129 1
(3 %)

1:4 383 -

(25 %) (100 %)

0:16 - 4

0:16 - 4

04 - 25

0¢0 - 200

The results of these trials are difficult to

appralse because of the small number of animals avail-

able, and the varied infections that they carried. The

percentages of the worms removed are not impressive

wtien viewed according to the standards required of

anthelmintics, but the fact that some worms were elimin-

ated following the feeding of skim milk, either as the

fresh liquld materlal or when reconstituted from the

dried powder, 1s important. ILarger quantlitlies or a
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more prolonged feeding regime may result in the re~
moval of greater numbers of worms, A limited att-
empt to determine the fector in the milk that 1s res-
ronsihle gave inconclusive resul ts, although pure
lactose gave results which indicated that this con-
stituent might be the important one,

The proof that dried skim milk wlill cause elimin-
ation of worms provided a suitable starting point for
further Investigation which would be simplifiled if a
convenient host~parasite system could be found in a

small laboratory animal,

Ascaris lumbricoldes in Rats

Infection with Ascaris lumbricoides in rats was

chosen for study since it provides a convenient host-
parasite system, and, although it 1s an abnormal one,
its pathology is well known. The lesions are severe
and are caused principally by the mechanical damage re-~
sulting from the migration of larvae through the liver
and the lungs,

Preliminary Trials

The first trial carried out was designed to deter-
mine whether a diet of skim 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 produged conditlions in the gut that were

unfavourable to the hatching of the eggs or the subsequent
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penetration of the larvae, In addltion the trial
served to show which criterla were most satisfactory
for assessing the damage cauced by the larvae., It
also providsed data on the dose of infectlve eggs
necessary to produce & severe but not fatal dlsease,

Eighteen young male rats welghing 150 g were
weighed and divided into two even groups. Group 1 was
fed a standard ration of commercial 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 ratlion., Both groups were
divided into three subgroups - & control untreated
group, & group glven 12,000 eggs, and a group glven
24,000 eggs by stomach tube, All rats were killed 8
days after infection, liver and lung weights were re-
corded, and the number of larvae 1n the lungs estimated
after peptic digestion, |

The welght changes recorded suggested that the
llvewelght galn noted 8 days after infection might
prove to be the most suitable quantitative measure of
the effect of the infection. This figure would include,
in addition to true body weight changes, loss of gastro-
intestinal contents resulting from reduced food intake
and possibly also loss from dehydration. These effects,
however, were part of the syndrome under study and

there was therefore no reason why crude body welght
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changes should not be used to measure the severity of
the disease. The weight galns, expressed as a percent-

age of the initial weight, were as follows: -

Control 12,000 24,000

Normel |
ration 20 % 11 9% 0%
Milk 25 % 3 9% -5 %

An analysis of varlance revealed that there were
significant differences betweeh treatments (dose rates),
but not between the diets. Actual lung weights showed
& difference between dlets, but not between treatments,
whereas lung welghts relative to body weight showed a
difference between treatments, but not between diets,
The apparent reversal of effect seen here was & re-
flection of the livewelght changes.

In the second trial the same treatments were re-
peated, except that Galnes'! dog food was used as the
standard ration, since it was easier to handle in the
measurement of resildues for calculating food consumption
of the groups. The rats used in thils trial were lmmature
males with an average body weight at the beginnlng of
the trial of 112 g, The same doses of eggs were used
as in the first trial, but the effect on livewelght
was greater since the animals were lighter initilally.
Food intakes of the groups between the 4th and 8th day

after infectlion were measured., Liveweight changes
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were taken at the 8th day, and at autopsy lung and
liver welghte were recorded and the number of larvee
In the lungs estimated. The mean percentage live~

welght galns were as follows: -

Control 12,000 24,000
Normal Ration 10 % -10 % =16 %
Milk 13 % -5 % -7 %

Analysis of the results showed that there were
significant differences In welght gain both between
treatments and between dlets., ALctual lung weights
showed no difference, but the treatment dlfferences
in relative lung weights were significent at the 5 %
level,

The ro0d consumption for the groups between the

4th and the 8th days after infection were as follows § -~

Control 12,000 24,000

Normal
raticn 17 g/rat/day 8,0 4.8
Milk 17 g/rat/dav - 10.6 10,4

There were wlde variatlors in the numbers of
larvae recovered from the lungs In both trlals, but
no obvious differences were seen between the two dlets

in this respect,

Eiffect of Ascaris Infection on Growth and Feed Consumption

Twelve male and twelve female rats wilth an initial

mean welght of 115 g were used, They were caged Individ-
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ually and fed Gailnes' commerclal dog food, and individ-
ual food consumptlion records were kept. They were
divided on & body weight basis into 6 groups of 4 rats
each, Groups of each sex ware infected with 6,000 eggs
and 12,000 eggs, and two groups wers kept as controls,
The mean livewéight galns between the 5th and the

10th days after infection were as follows: -

Controls 6,000 12,000
Males 15 % 2 % 3%
Females 11 % 5 % 3%

An analysis of varlance showed signiflcant diff-
erences betwsen control and infected rats, tut not be-
tween levels of infection nor hretween sexes, Dally
food ccnsumptions between the 5th and the 10th days

showed a marked reductlon following infection :

Controls 6,000 12,000
Males 18 g 12 g 11l g
Females 16 g 13 g 12 g

The treatment differences were slignificant but
the sex differences wsre not. However, when foccd con=-
sumptions between infection and 20 days were consider-

ed, the differences were no longer apparent, Mean dally

food consumptions between infection and 20 days :

Controls 6,000 12,000
Males 18 g 17 g 17 g

FPemales 16 g 16 g 16 g




- 1C =

Twenty days after infection when the livewelaht
cifferences had disappeared the animals were re-grouped
end half of each original group infscted with 24,000
eguse On this occasion the percentage welght gains be-
tween the 5th and the 10th day after infectlon showed
signifilcant differences betwecn the infected and the
controls among the rats that were previously infected,
and although their numbers were small, previously un-

infected rets showed differences of a much greater

méagnitude,
Previously Infected Previously Uninfected
Male remale Male Female
Infected 1% 3 % -12 % -7 %
Controls e % 4 % 13 % 6 %

Effect of Plane of Nutrition

Two experiments were designed to study the effect
of Ascaris infections on rats that were maintained on
high and low planes of nutrition. In the first trial 16
male and 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 planre diet was
whole wheat 69, dried skim mllk 23, mailze oil 4.5 (con-
taining 40 units per rat per day of vitamin A), calcium
lactate 2.5, calcium phosvhate (monobasic) 0.8, and

salt 0,2, It was fed ad 1llbltur and resulted in good

growth rates, Half of the rats on each diet were
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Infected with 12,000 eggs three days alter the experi-
mental feeding began, ALt thls point the male rata
welghed 130 g. and the female rats 110 g.

The percentage welght gain durlng the 7 days after
infection showed significant differences betwsen treatments,

diets, and sexes,

Infected Control
Male Female Male Femeale
High plane 0% 5% 28 % 12 %
Low plane -6 % -2 b S 9%

S1x weeks after the first infection, when full re-
covery had taken place In all animale, the same rats wers
reinfected but, since there were wilde differences in body
welght, three levels of infectlon, 9,000, 12,000, and
18,000 eggs, were used, depending on the size of the
animal, The percentage weight galn during the 7 days
after infection showed a difference between dlets but not
between treatments, indlcating that the secord infection

produced no effect at all.

Infected Control
Male Female Male female
High plane 0% -2 9 4 % -2
Low plane -7 9 -4 % -8 % -1.5 %

The second triel 1n thils series wes similar to the
first one except that the infections were not given until

some body weight difference had been established between
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the dlet 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 rats
150 g. Seven days after infectlon the percentage weight

galns 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 days

after Infection was :

Infected Control
High plane 4% 1%
Low plane -5 % -3 9%

The differences between dilets were significant but

those between treatments were not.

Vitamin A Defilciency

A single trilal was carried out on the effect of a
diet deficient in vitamin A orn the response to an artific-
121 infection with Ascarls, Soon after the birth of their
litters, breeding does were placed on a diet deflicient in
vitamin A and the young rats were malntalned on the same

diet after weaning. The dlet consisted of sucrose 68,
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easeln 15, corn oll 5, yeast 8, and U,S,P, salt

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

eggs at the point when about half the deficient group
were showing moderate signs of xerophthalmia, After
doeing there wesre a number of deaths In the vitamin de-
ficient groups. Following are the records oif the per-
coentage welght 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,

Infected Control
Adequate vitamin A 4 % 20 %
Deficient vitamin A -21 % -11 %
Dead Allve Total
Infected 7 4 11
Control 1 10 11
Total 8 14 2Z
Xz - 4.9

It is clear from these results that the vitamin A
deficiency in the rats resulted in an increase in the susw-
ceptibllity and also 1n a poorer survival rate under the
etress of infectlion. It is true that the vitamin supple-
mented groups welghed somewhat more than the deficient
groups and all were glven 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 deficlent groups the males
weighed 76 g. and the females 67 ge There is a reduct-
ion in the apparent effect because of the heavy mortal-
1ty in the infected groups since the casualties included
moat of ths lighter animals and consequently the mwean
weight of the survlvors was greater than if there had
been no.mortality.

Discussion

The exneriments with Ascaris lumbricoides infection

in rats have shown that there is virtually no effect from
the feeding of skim milk during infection, The hopes that
the infectlon might be a useful one in the study of milk
consumption 1n relation to parasitic infection were not
reallised, A low plane diet resulted in more severe dis-
ease and delayed recovery. A second infection had a much
smaller effect than the primary one due, undoubtedly, to
the development of an acquired immunity. The results wilth
vitamin A deficlency showed that in severely depleted rats
the mortality rate was greatly increased 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 infection on the

establlshment of Trichinella svniralis, Seventesn adult

male rats wers ussd, One group was starved for 72 hours
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before and 48 hours after infectlon, while tha control

group was fed ad libitum. Half of each group was killed

after a week and adult parasites in the intestine were
counted, The remainder was killled after 4 weeks and
counts made ¢f the larvae in the musculature, Fach car-
case was skinned, beheaded, and eviscerated, then 1t was
minced and digested wlth pepsin for 18 - 24 hours at
39°C. The number of larvae prssent was counted using a
dilution method., The counting method conslsted of making
the dlgest fluid up to 1,200 ml,, mixing thoroughly, and
taking 12 samples of 0,1 ml.,, placing them in & Kline
concavity slide, and then counting the larvae under the
dissecting microscope, The total in the samples constlit-
uted 1/1,000 of the larvas present,

The results were as follows :

Starved Control
Adult Worms Larvae Adult Worme Larvae
7 74,000 5 2,100
£ 2,900 4 1,300
3 4,700 2 2,300
5 1,700 5 3,600
5

The rate of eastablishment of adult worms was low
and may have been due in part to the age of the rats, and
in part to the prolonged period that the larvae were kept
in the peptic fluid which may have irmpaired their viability,

However there 1s 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 completion of the experiment with Ascarls

lumbricoides the remaining control animals were infected

with T, spiralis, At the time of infection the low plane

animals averaged 150 g, and the high plane animals 250 g,
All rats were infected with 100 larvae liberated from in-
fected meat by peptic digestion. The rats were maintain-
ed on the two planes of nutrition for 12 days after in-
fection 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 number of larvae which

had developed was counted. The results were as follows 3

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
27,100 10,000 10,000 4,500
33,4600
106,000

The dlfference between planes of nutrition was
highly significant. Since the low plane dlet was def-
icient in energy, protein, miherals, and vitamin A, &
trial was set uv to study the effects of various factors,
separately and in combination, as supplements to & basal

-

ration of whole wheat flour, Twenty-clght female rats
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were uged with 3 or 4 In each group., The basal group

was fed whole wheat flour ad libitum and the other

groups were fed the bhasal dlet with or without 28 %
dried skim milk, with or withont vitamin A and with or
without 5 % of a mineral supplement consisting of cal-
cium lactate 70, dibasic calcium phosphats 22, and
sodium chloride 8, After the diets had been fed for 7
weeks the rats were infected with 100 larvae. A month
later they were killed and the larvae present in the
miscles were counted.

The results are given in the following table

No Milk Milk
No WMinerals Minerals No Minerals Minerals
No Vitamin A 1,175 1,075 950 750
050 155 450 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

Te results of the trial are difficult to interpret
because of the small number of rets 1In the groups and the
wide variabllity within groups. The very low counts in
ons group &r2 difficult to explain, and a further trial
will be necessary before any conclusion can be drawn,

The figures suggest that more larvae have developed in

the groups supplemented with milk and minerals but not
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with vitawin A, The body welght differences between
the basal and the sunplemented groups were smaller than
in the vrevious trial because of the fact that the diet

was fed ad l1ibitum whereas 1n trhe earlier trial intake

was restricted in the low nlanc group. A repetition of
this trial is desirable but has not yet been attempted,

The Effect of Trlchinella Infection on Appetilte

There 18 a considereble loss 1In hody weight in

rats irfented with T, spiralls and with it 1s assoclated

a8 loss of appetite that is very marked iIn heavy infectlons,
In one non-fatel cass there was a weight loss of 30 %
following infection with 8,000 larvae, In order to ob-
taln more figures of both body welght loss and reduction
in food intake 11 young mele rats were used with infect-
ions aﬁ two different levels for comparison with uninfect-
ed controls., Food consumption was measured over two 5~day
periods before the two grovps of 4 rets were infected
with 1,000 and 4,000 larvae each, The lervas used were
freshly isolated from infected meat by 6 hours!' digest-
lon in artificlal gaatriec juice., The results are set -

out in the following table :

Average Daily Food Consumption in Trichinella Infection
(Grams per rat per day)

Period 1 2 ] 4 5 6
Control Group 25 25 24 25 23 25
Infected 1000 21 22 21 21 22 23

Infected 4000 22 22 13 14 17 23
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The food intake of the most severely affected
animal in the trizl fell to 3 g. per day over one 5-day
period, This was only 14 % of its norm&l ~onsumption,

The Effect of Vitamin A Deficlency on Trichinella
Infection

Young rats of mixed sexes were used in the trial,
They had been railsed by dams that were placed on the
vitamin deflcient diet at parturition and the young rats
were maintalned on the same diet after weaning. A supp-
1ement.of vitamin A was glven to onc group while the
other was kept as « ccntrol, They were infected with
600 larvae when thelr average weight was 200 g. After
6 weeks all the rats were killed and the number of
larvae present In the carcuse determined after digest-

ion. The results of the larval counts are glven in the

table.
Male Rats Female Rats

Low Vitamln A 437 ,500 4,000
52,000 53,000
83,000

High Vitanin A 11,750 8,500
6,750 8,500
6,750 < ,000

During the infectlon the flrst female rat on the
low vitamin diet regurgltated some of the suspension of
lervas sc that the figure of 4,000 for this rat was not
comparable with the remainder of the group. In splte of

the small numbers of rats in the groups the difference



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
rats showed a very heavy infestation with lice, while
there were very few lice on the rats that réceived the
supplement,

In a second experiment the effect of a shorter
period of depletion was studied, On this occasion the
rats were fed commerclal feed pellets and when thelr
average welght was 150 g, they were placed on the vit=-
amin deficlent diet with one group receiving & supple-
ment of 40 units per rat per day. After 4 weeks on the
dlet all rats were infected with 2,300 larveae by stomach
tube., They were killed 3 weeks later and counts made of
the larvae present in the muscles, The results are given

in the table

High Vitamin A Low Vitamin A
74,000 13,500
35,000 2,500
65,000 30,000
50,000 25,000
14,000

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 & similar

manner but were kept on the defilcient 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

results are given In the table, Differences were not

significant,

Male Rats Female Rats

Low Vitamin A 5,800 29,000

7 4500 5,000

2,500 3,000

3,300 9,000

1,700 15,000

5,800 34,000

6,400 16,000

High Vitamin A 4,000 27,000

9,000 36,000

4,000 12,000

11,000 23,000

35,000

4,000

18,000

15,000

The difference between the diets was not signif-
icant while the dilfference between sexes may be due to
the fact that the males were kllled nearly a week before
the females so that more mature larvae would be present
in the latter.

Oxygen Consumption of Trichinosed Rats

Using an even 1line 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 groups of 4 animals, Two groups were infected

with 1,000 larvee and two groups with 4,000 larvae,
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4 E=-day interval separated the two groups on the same
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 carrled out in the mornings after
overnight starvation and readings were taeken of the
times required for the consumption of 200 ml, oxygen.

The results fail to show any short term changes but there
were slgnificant 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 malalse and to muscular pain both of which
are prominent symptoms of Trichlinosis,

After the tests were completed the rats were
killed and the number of larvae present in the muscles
estimated. The average number of larvae 1ln the rats
dosed with 1,000 larvae was 80,000, and in those dosed

with 4,000 larvee, 250,000,
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Discussion

The experlments with Trichinelle infections have
confirmed 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 was 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 reslstancé with a partial deficlency of vitamin A,
although the results failed to reach the 5 % level of
significance, It is difficult to suggest an explanation
for this fact, but the same phenomenon has been noted by
Riley (1943) in the case of Nippostrongylus infection.

Trichinella 1s a very pathogenic parasite both
during the intestinal phase and when the muscles are
being invaded. During the intestinal phase there 1s &
marked loss in welght and a serious reduction in food
consumption through loss of appetite. Non-fatal cases
in rats have lost 30 % of their body weight in 2 - 3
weeks, The observations on oxygen consumptlon have
shown that there is a reduction in oxygen consumption
in the 3 - 4 weeks after infection. There are at least
three factors that may influence oxygen consumption.
There may be an increase in metabolic rate assoclated

with the infection, and oxygen consumption would be
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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 1in 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 DIZT ON THE PARASITES OF DOGS

It has been reported (Wolfgang, unpublished) that
there was some evidence suggesting that a change to a
fish diet was assocliated 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, In order to study the problem an experiment was
set up. Three litters of Beagle pupples 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 = sequal 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 food chopper,
mixed mith.fhe meal, packed into 300 g. cartons and
frozen until required for feeding. The trial ran forl

40 days, except for Group 2 which was killed after
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33 days when the batch of food was exhausted. Body
weights and individual food consumption were recorded.
The puppies were treated for Ascarids before the trial
began and throughout the trial faecal samples were coll-
ected weekly for worm egg counts, After 2 weeks on the
diet several dogs lost weight, lost appetite, and devel-
oped dlarrhoea., The cause was not determined but it
was not associated with the diet since there were some
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 Toxocara canls, 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 mucosa,

The numbers of specimens of Toxeocara, 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 dlets on elther the adult or larval num-
bers, Faecal egg counts were low throughout the trial

and no differences were seen between the groups,
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TABLE 13
Group Adults Larvsae
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 worms 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 typlcal of artificial infections, and
no change recorded can be related to the diets fed to
the dog. A 8sole dlet of fish was not tested. Many
dogs in the northern districts subsist for considerable
periods on nothing but fish, and Infections with

Uncinaria are very common in such dogs,

TABLE 14
Date Eggs per gram of Faeces
June 14 Fed canned dog food and 7,500
commercial dog pellets
July 8 " " 5,700
10 " " 4,000
11 " " 3,400
12 Fed fish fillets and meal -
mixture
13 it " 2,200
i8 " " 2,300
24 " n 1,800
26 n n 3,200
50 i " 700
Sept. 24 " " 5,800
Sept, 25 Fed fish scales and meal
mlxture
Oct. 11 " " 1,400
24 " " 1,900
31 Fed fish viscera and meal
mlxture
Nov, 10 n " 1,300
12 " n 700
30 Fed canned dog food and comm-
erclal dog pellets
Dec. 11 " " 900

The author was absent during August and Sept-
ember but the same feeding regime was continued during

the period although no egg counts were carried out,
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THE EFFECT OF VARIOQUS DIETS ON OXYURID INFECTIONS
IN MICE

In order to study the effect of skim milk on an
established infection it was desirable to find & suiltable
host-parasite system in & small laboratory animal so that
experiments 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 was a heavy natural Infection with both Syphacia

obveolata and Aspiculuris tetraptera. Experiments were

carried out by selecting sulitable anlmals usually from
the weaner stage to young adults, They were divided at
random into groups, and each group fed the selected

dlet for 4 days, On the fifth day all the mice were
killed, the caecae and colons were femoved and the worms
counted, either individually, or, if more than 1OOVwere
present, one tenth of the total number was counted.

All counting was done under the dissecting milcroscope.
Both sexes, both species, and adult and immature worms
are comblned in the tables,.

In the first experiment a diet of dried skim milk
was compared wilth one of commercial 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 fluld contents which was

yellowish in colour and frequently contained a large
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number of gas bubbles,

Analysis of the results was carrled out using
logarithmic transformations - log (x + 1), or where
dilution counts were made - 1log a(x + 1); "x" ias
the number of worms counted and "a™ the dilution
factor.,

The worms present after 4 days on the experiment-
al diets were as follows ¢

Commerclal Feed Pellets Dried Skim Milk

69
76
87
89
150
157
212
264
462
484

WOHOOOOOOO

=

A second experiment was carried out using 4
groups8 to compare the effect of different proportions
of skim milk and whole wheat flour. The results were
as follows ¢

Whole 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
00 160 150 8
680 210 180 118
1,200 240 270 560

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 1s believed that the fallure in
some animals in the milk groups was due to the fact
that the animals were somewhat overcrowded and there=
fore the less aggressive members of the group would not
have consumed 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 groups of six
animals were used with the following results

Whole Wheat ZTLactose Sucrose Starch Whole Skim

Flour Egg Milk
0 _ 7 0 1 0 0
4 1e 0 2l 0 o
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 losses were high. The egg
and the milk groups harboured significantly fewer worms
than the other groups,

In view of the striking results with whole egg
a fﬁrther experiment was carried out to compare the
effect of egg albumen and egg yolk fed separately with

a whole wheat meal group,
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The results were as follows

Whole Wheat Flour Egg Albumen Egg Yolk

0 0 0

0 0 0
1l 0
13 0 0
25 0 0
56 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 results with al-
bumen therefore were inconcluslve although the effect
of the egg yolk was agaln very striking. A further
attempt therefore was made to determine the effect of
egg albumen and on this occasion it was combined with
an equal amount of wheat flour on a dry matter basis.
The results were as follows :

Whole Wheat Flour and Albumen Whole Wheat Flour

0
o)
1
9
360
760

OPdHOOO

14

Owing to the low incidence of parasites in the
control group the results 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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cqual parts of sucrose and wheat flour. The results

were as follows @

Egg Albumen and Sucrose and Wheat Flour
Wheat Flour 1:1 Wheat Flour 1:1

16 2 40

33 5 75

110 25 130

120 94 170

560 730 240

660

1,030

There is no significant difference between the
groups,

In the next experiment comparisons were made of
mixtures of wheat flour with lactose and with caseln at
a 1:1 ratio, The results were as follows ¢

Wheat Flour Wheat Flour and Casein Wheat Flour and Lactose

380 35 0
420 86 0
490 170 0
740 240 0
790 360 1
810 470 7
880 480 7

The results show a marked effect with lactose but

none with casein,

Discussion

Further work on this phenomenon 1ls desirable
since an elucidation of the mechanism by which the para-
sites are eliminated might possibly give a lead for the
development of new anthelmintlcs 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
might be drawn if dletary factors were overlooked, Al=-
though the Oxyurlds are usually considered to be virt-
ually non-pathogenic there remalns the possibility that
in the interpretation of nutritional experiments an
effect might be attributed directly to the dlet when
in fact 1t might be an indirect one brought about by

a reduction in the parasite load,

STGME 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 plays a very lmportant part in limiting
the ravages of parasitism in such an environment,

The results 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 1s to be achieved, In the
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former study breeding ewes, grazed entirely on improved
pastures at concentrations of about 8 ewe equivalents
per acre, were able to raise thelr lambs to give a
high quality carcase of 33 - 36 1lb dressed welght in
100 - 110 days., No anthelmintics were used. 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 study, ewes grazed at 4 or 6
per acre with cattle, or 8 ewes per acre without cattle,
were capable of producing 250 1b of high quality meat
per acre on pasture alone. There was 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 experlence
under similar conditions would suggest that a fairly
rapld rise would take place soon after this time 1if
the lambs were not slaughtered.

Recent work in New Zealand (Clarke and Filmer, 1954)
has added another example of some of thg difficulties in
the interpretation of fileld experiments. The cause of
"hogget unthriftiness" is still unknown, but the dis-
ease 1s characterised by loss of welght, anaemia, and
diarrhoea, It occurs to some extent every autumn but

it 1s 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
welght losses and have reduced the mortality. It has
been observed that unthrifty lambs, removed from reg-
ular sheep pastures and grazed throﬁghout 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 baslis for fleld experimentation. The results
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 less
than on long pastures, and the times spent grazing are
longer, Lambs on pastures that are relatively worm-free
show & simllar growth pattern, which suggests that the

cause 1s a nutritional one rather than parasitic.
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Taylor (1934) has made the suggestion that past-
ures rich in clovers tend to increase the risk of para-
sitic disease, and he outlines what he considers to be
the mechanism by which the effect 1s brought about. The
structural difference between the clover and grass plants
results in a greater avallability of infective larvae,
since a greater number of the migrating stages are able
to climb to the top of the clover leaf whereas there 1s
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 1n the sward,

In sharp contrast to the findings of Taylor are
some experiences in lamb growth studies in the Poverty
Bay district of New Zealand, where the growth of lambs
on white clover pastures 1is definltely 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 superiority of the

clover pastures 1s obvious and the lack of any significant
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difference betwsen the worm burdens of the two groups
when they were slaughtered suggests that this factor
was not involved in the differential growth rates. The
true explanation of the difference has yet to be found.

New Zealand presents good opportunities for the
study of the epidemiology of parasitism 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 results in a very
wide difference in rainfall, ranging from 200 inches on
the west coast of the South Island to as low as 10 1inches
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 results 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 difflculties arise., The better thrift
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of the young animals follows automatlcally the enlight=-
ened system of pasture utilization and animal manage-
ment, and 1t has been achleved without recourse to
drug therapy.

Another factor of considerable importance is that
& reduced survival rate in the young animals of a herd
retards genetic improvement., Under some clrcumstances
the wastage may be so high that all survivors are re-
quired for recruitment as herd replacements, The frults
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 lmprovement,

It is obvious that an improvement in the level of
nutrition is the natural solution to problems of this
nature but ln New Zealand it is difficult to implement
in a simple manner that would be economic,., Concentrates
are always 1in short supply; they are highly priced and
therefore of limited value in this respect. Forage
crops such as rape, kale, lupins, and turnips, are use-
ful, 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 aubtumn-

saved pasture 1s extremely valuable, but dried grass 1s
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out of the question because of the high costs of fuel
and labour, The improvement of pasture production by
the sowing of lmproved strains of herbage plants, by
better use of fertilizers, by rotational grazing, and
by the use of speclal 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., Some of the aspects of the problem
can be discussed under the followling headings:

The Effect of the Host Diet on the MNutrition of the
Parasite

Although the effect of the host'!s dlet on the
varasite is the most direct of those under discussion
there 1s stlill very little known about it. The work
of Chandler and his school glves perhaps the best syn-
thesis, As far as the tapeworm Hymenolepis is concern=-
ed, carbohydrate appears to be the most important
nutrient in this respect, while the parasite's protein
requirements are provided directly from the host tissues
and the worm is thus qulte independent of dlietary sources
of protein. Another example 1ls that of Ascaridia in

chickens; the growth of the worm is restricted when the
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host 1f fed a diet low in either calecium or phosphorus,

The Effect of the Host Diet on the Reslstance 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 énd a sound basis for this . fact is
provided both by theoretical considerations and by the
results of experimental work. Anbther important factor
is the protein content of the diet which mast provide a
full range of essential amino acids,

The Effect of Host Nubrition on Parasitic Disease

It is natural to expect that in parasitic in-
fections a high 1eve1 of nutrition will raise the
threshhold at which symptoms become evident, and will
1limit the severity of the disease both in the acute
and chronic stages, A diet that is rich in body-bullding
elements 1s essential for the repalr 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 & low protein inteke may
impalr antibody production which, in turn, may disturb
the host-parasite balance.

The Effect of Host Immunity on the Nutrition of the
Parasite

In some infections there is a strong immune

response that 1s manifested by the production of pre-
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clpitates 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 1t 1is not known how
the pathogenic effect is brought about, There are a
number of examples where the activity of the parasite
is8 responsible for a serious effect on the host. The
best known ones are the worms that produce anaemia in
the host simply through the haemorrhage caused by thelr
blood-sucking activities, The hookworms of man and dogs
and Haemonchus of ruminants fall into this category.

The strongyles of horses, although more strictly they
.are tlssue feedsers rather than blood suckers, produce

2 similar result. While the blood that is lost éontains
plasma proteins as well as erythrocytes, the haemoglobin,
and more particularly its iron, 1s probably the most im-
portant factor,

In the case of Trichinella infectlon the damage
produced by the adults 1n 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 such as Oesophagostomum when many
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calcified nodules are present in the wall of the in-
testine. In heavy lnfectlons of long standing bowel
motility 1s so reduced that it interferes with digest-
ive processes., The presence of a large number of nodules
In the gut may result 1n intussusception which also
arises from the Impaired motllity of the intestinal wall,

A third example 1s seen in the case of Diphyllo-
bothrium in man, where there 1is competition between the
parasite and the host for the available vitamin Byp in
the food, It is only.when the tapeworm is established
well forward in the intestine that 1t is able to com-
pete successfully to the disadvantage of the host, In
the majority of cases the worm is situated further back
and there 1s adequate absorption of the vitamin by the
host before the food reaches the point where the worm
is residing.

An aspect that is less well documented is that of
interference with the digestion of several nutrients,
particularly of protein, There are many contradictlons
in the literature and much disagreement among authors.,
The Cambridge workers brought forward evidence that
there was a lowered digestibillity of protein assoclat-
ed with heavy mixed infections, but American workers
were unable to confirm it with pure infectlions of either

Cooperia or Trichostrongylus., In Australia, on the other
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hand there was some 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 CONCLUSI ONS

The results 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
& diagnostic service in New Zealand to elucidate cert-
ain aspects of the epldemiology of internal parasitism
of dalry cattle. The maln pathogenic species present

were Ostertagla, Trichostrongylus axel, Cooperila and

Dictyocaulus, Other species occurred but because of
thelr small numbers they were of 1little consequencse
from the point of view of parasitic dlsease, There

was a well marked peak of worm infection in the autumn
and early winter months, but 1t 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 dlstricts and lower in two western dls-
tricts. The rainfall in the western districts 1s 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 attempt

to collect incidence data for Ascaris lumbricoides,

It was shown quite clearly that there was a much lower
incidence of Ascaris in domestic plgs in the North Is-
land thean 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 skim milk was fed the incidence

was very simllar fto that seen In the North Island, In
New Zealand grains are used to supplement a basal diet
of skim milk rather than the reverse, and this may be
responsible for the fact that the incldence of Ascaris
in pigs 1s lower than in any other area for which fig-
ures are available,

(2) A study of the parasite population in two
experimental herds of cattle that were managed under
condltions 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 1n a lower level of parasitic infect-

ion. This difference occurred even when the set-stocked
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animals 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, lower intake of infective
larvae, and a greater resistance to infection of the
rotationally grazed . ealves, From thils study has
arlsen 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, has been used
where larger numbers and standardised infections were
more feasible than similar experiments with large
animals, Several trials were made to seek a sultable
host-parasite system for studylng the effect of skim
milk on the infection, and plnworm infections in mice
proved to be the best, With infections of Ascaris in
rats, the severity of the disease, as measured by the
percentage welght gain in the 7 - 10 day period after
infection, was increased when a generally deficlent
diet was used, and also when the ration was low in
vitamin A. With a severe deficliency of vitamin A
infected rats suffered a heavier mortality than un-

infected controls, 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 & 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 1t 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 experiments with mlce infected with
pinworms 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-
iels 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 has not yet
been determined, |

(4) The fourth part of the investigation re-
guired returning to the large animal for experiment on
& limited scale. In the present series, the pig was
used to determine the effect of dietary modifications

on its parasites. The avallable plgs were infested
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with Oesophagostomum and, in some cases, Ascaris as
well, It was shown that some parasites were 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 thess
lines 1is 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 fish fillets,
fish viscera, or flsh scales and heads, There was no
effect elther 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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