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SDMMARY

The studiee reported in this thesis were undertaken to
examine in detail several aspects of infection with QOstertapgia
ostertagi in cattle, The effzct of age on the develeopment of
immunity was investigated and an attempt was made to immunise
calves against Q, ostertagi, More detailed work was concerned
with the interaction of the parasite at the mucocel surface of
the abomasum, together with the pathophysiological changes in the
parasitised host.

Section I describes two experiments onr the immune response
of cattle to Ostertagia, The first was desigzped to ascertain
vhether immunity teo ostertagiasis deveioped more quickly in 9-15
month o0ld cattle than in calves, Although there was evidence of
two manifestations of resistance, namely reduced worm gize and
fecundity, the study demonstrated that worm establishment was oot
markedly affected by the age of the host and suggested that
natural age resistance is not significantly developed in 9-15
month old cattle.

In the second experiment, an attempt was made to immunise
calves against O, ostertsgi using 2 closely related parssite

Ostertagia leptospicularis whiech has bezen shown to induce &

marked reaction in the abomasum of calves., Two doses of either

0. ostertagi, O. leptospigularis or a combimation of Q. ostertagi

and 0. leptospicularis were givenr to young calves prior to

challenge with O. ostertagi but nune of these immunising regimens
conferred protection and similar challenge burdens were recovered

from all of the calves at post mortem examination.




The wajor part of this thesis was concerned with studies on
the biochemical and hormonal changes which cccur in the host ag a
result of infection with larval and adult Q. ostertagi and these
are described in Section 2, In Experiment 3, calves were
infected with 506,000 O, ostertapi Ly and serum pepsinogen and
gastrin levels measured; these rose markedly £rom day 15 after
infection and peaked between days 20 and 30, Experiments 4, 5
and 6 were designed to investigate the role of the adult parasite
in the pathophysiclogical changes in the host. Serum pepsinogen
levels rose consistently when animals were exposed Lo adult
parasites, However, serum gastrin levels only rose in response
to large numbers of adult worms z2nd the association of these
changes with altered abomasal pH are discussed. Lesions ware
observed in the 2bomasa of calves which were infected with adult
parasites only and a further experiment (Experiment 7) was
carried out to determine whether the intimate associatiom of the
parasites with the mucosal surface was responsible for the
pathological and physiclogical changes which took place; During
this study, it was apparent that adult Ustertagia were quickly
killed when restricted and suspended in chazmbers in the abomasum
and it was then concluded that the parasites require the
microenviropment close to the epithelium for thelr survival. Na
pathophysiolcgical changes were c¢bserved probably due to the
early mortality of the adult parasites im this experiment,
o The two remaining exveriments in Section 2 were designed to
investigate changes in pepsinogen and gastrin levels which occur
in naturally acquired DOstertagia infections in the fieid,

Animals in Experiment 8 were kept for two seasons under typical




husbandry conditions and plasma pepeinogen and gastrin levels
wvere recorded regularly, Values for pepsinogen and gastrin rose
to two peaks as Type T and Type II ostevtagiasis developed and
subsequently fell as the animals recovered. The pepsinogen
levels did not return to pre-infection values either during the
pre~Type II period, or during the second grazing season when
immunity had developed,

The aetiology of the raised pepsinogen vaiues cbserved
during the second grazing season were furthexr investigated in
Experiment 9. Immune adult dairy cows which had been housed for
the vinter period were challenged with Ostertagia larvae and
blood was colleected routimely for the estim;tion 0f serum
pepsinogen and gastrin. Pepsinogen levels rose to about 3.0 i.i,
Tyrosine within 3 days of challenge while gastrin levels remained
at pre-infection levels, It was concluded that Ostertagia lazvae
may induce a hypersensitive response in the abomasa of immune

cattle with a consequent leakage of pepsinogen into the dlood,




General Introduction
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IKIRODUCTIOR

The nematade parasite Ostertagia cgtertagi belongs to the

family Trichostroangylidae which is included in the superfamily
Trichostrongyloidea of the order Strongylida,
Ostertag described the parasite in 1890 2nd named it

Strougylus convolutus, It has since been renamed Strongvlus

ostertagi  Stiles, 1892 and 8. cervicornis Gilruth, 18%39. The
present name was assigned by Ramsom in 1907,

Following the first report on the pathogenic effects of
Q. ostertagi in cattle in the U.K. {Gardener, 1911} there have
been a plethora of reports published on its significance and it
is now regarded as the most pathogenic and economically important
gastrointestinal parasitism of cattle in the temperate arcas of

the world (Armour, 1970).

Life Cycle

Eggs measuring 70_84.P long and 40-30 P wide are deposited
by adult fewmale 0. ostertagi in the asbomasum of the host
(Threlkeld, 1946). These pass out in the faeces at the morula
stage and hatch in 24 hours into active first stage lacvse which
feed on coliform bacteria in the faeces (Smyth, 1976). These
larvae then undergo two moults within tke dung pat to ﬁecome
infective third stage larvae. Preparasitic development is
influenced by temperature, moisture and seration (Rose, 1961),
During the second ecdysis the cuticle of the ;econd stage larva

is retained (Taylor, 1930) and the third stage larva iz thus




rendered highly resistant to conditions of drought and extremes
of temperature, Embryonated eggs may survive for a short time
under dry conditicna but non-embryonated eggs and first and
second stage larvae are extremely susceptible to desiccatiocn
(Rose, 1961).

Infective third stage larvae (Lg) display random movement
which requires a water medium {(Crofton, 1954) and the wmigration
of these larvae onto herbage is favoured after rainfall which
~softens the faecal pats (Rose, 1961), Free living Ly average
700 p in length (Rose, 1969) have a small buccal cavity and a
claviform cesophagus, The inotestine is made up of 16 nucleated
cells tapering posteriorly into a slender zectum.- The excratory
system is located in the anterior paré of the body and an ovai-
shaped genital primordium can be seem.

Third stage trichostrongyloid larvae have been induced to
exsheath in solutions of dissolved gasecus carbor dioxide at 38%°¢C
(Rogers, 1966), After ingestion Ly are thought to exsheatih im
the rumen (Armour, 1970} but exsheathed larvae have been observed
in ingesta collected from sheep fitted with an ocesophageal
fistula (Bairden, personal communication) and it may be that the
mastication or salivation of the host also provides a stimulus
for exsheathment.

Exsheathed L4 have been demonstrated in the gastric glands
of calves within six hours of ozxal infection {(0sborne, Batte and
Bell, 1960). Threlkeld (1946} necropsied animals at various
times after orai administration of infective Iarvae and observed
the length and morphology of the parssitic stages. In the course

of this work he described two ecdysis within the host. The




parasitic stages of 0. ostertagi have since been classified as
third stage, third moult, fourth stage, fourth moult, fifth stage
and adult (Douvres, 1956).

During a subsequent study on the development of the
parasitic stages of 0. ostertazi, Rose (1969) infected calves on
ene or two cccasions with 20,000 Q. ostertagi Li. The calves
were necropsied at intervals and the worms exawined
microscopically while alive aund after fixation, Worams which were
from one to 16 days old and mature adults which were 22 days old
were described.

On the first day after oral infection, third stage larvas
had lost their cuter cuticle and by day 3 post-infection had
undergone the third moult, At this stago the saxes could be
differentiated by the distance of the genitasl primordium from the
tip of the tail which ranges from 120-~173 § in the female and
250~380j1in the male. The third ecdysis was complete by day &
and development of the fourth stage larvae continued for 8 days.
On the temth day post infection the larvae were enclasedin a
loose cuticular sheath and in the males the bursa with its
supporting rays had formed and unpigmented spicules were present.
In the females there were tubular uteri and the ovaries consisted
of rounded cells. The pars haustrix and pars ejectrix of the
ovejector had developed muscle fibres and the lips of the vulva
were positioned around the wuival orifice.

The fourth ecdysis was completed by day 12 énd by day 13 the
vuival flap was formed in the young adult females. Immature ova

were apparent in the anterior end of the uterus by day 14 and




thege bhad matured and passed to the ovejector by day i6. 1In ihe
males, spermatogeuesis was c&mplete by day 15,

The fifth stage larvae had triangular mouth parts with three
lips and in both sexes there were cervical papillas, 1In the
males there wers in addition a pair of papillae anterior to the

bursa.

Digeace Classification and Clinical Signa

A serieg of Ffield investigations into parasgsitic gastritis
dvue to O, ostertagi iIn the West of Scotland led Andersonm, Armour,
Jarrett, Jennings, Ritchie and Urquhart (1965b} to classify the
synrdrome into three phases; Type I, pre-Type II znd Type II.

Type 1 ostertagiasis affected mainly calves on grass for ths
first time and usually occurred between late July and the end of
the grazing season. It resulted from the ingestior and the
maturation of infective larvae in the expected period of three
weeks. Stewart and Croftom (1941} had previously described
calves with parasitic gastritis as diarrhoeic, wasting and
thirsty, with some loss of appetite and a dry hidebound skin,
Andersoun et al (1965b) observed that the diarrhoea was bright
éreen in colour and that as the disease progressed, the eyes
became sunken and the coat had a harsh staring appearance.

The pre-Type II phase when animals harboured large numbers
of larvae arrested as early L, was oot cliinically evident but
there was a history of animals grazing infected pastunre in the
late autumn. They generally appeared healthy:ibut some weve ill~
thrivea, During this stage, in many cases, large populations of

over 100,000 9, ostertagi were present of which over 802 wers




inhibited in the early fourth stage of development, Where the
adult worm numbers are large, 4 wild diarrhoea apnd stunting bas
been reported {Azrmour, 1970},

Although the Type II syndrome occasionally occcurred in out-
wintered animals, it generally affected animals which had been
housed at about the beginning of November often with no histery
of diarrhoea oxr weight loss during the grazing season, Three
veeks to six wmonths after housing the animals started to loge
weight and developed profuse watery diarrhoea, The appearance of
these clinical signs coincided with the development to maturity
of large numbers of inhibited larvae. Animals suffering frem
Type Il ostertagiasis were sometimes well grown.but more often
they were poorly grown and dull with a scurfy coat caked with
faeces arcund the tail, Submandibular oedema was described in
noused cattle with atypical parasitie gastritis by Martin, Thomas
and Urquhart (1957). Anderson et al (1965b) noted that cedema
was transitory and reported weight loss, decreased appetite,
thirst aand intermittent diarrhoea. In sowme cases moderate
anaemia was present,

After a period of diarrhoea lasting 7-10 days, the majority
of Type II cases became extremely weak, weare unable to stand and
bad sunken eyes. Some animals stopped eating or drinking twe to

three days prior to death,

Pathology

Early work on the pathogenicity of 0. ostertagi by Threlkeld

and Johnson (1948) described inflawmation of the shomasum and the




presence of small white ulcers on the wmucosal surface asscciated
with iafection. Microscopically there was erosion of the
glandular epithelium, extending from the ovifice o the base of
the gastric glands, which often contained coiled larvae, An
increased amount of mucus was present and there was an increase
in the number of fissue eosinophils. Pathological changes have
been studied using different levels of infection (Osborne, Batte
and Bell, 1960) and comparisons made between single and double
infectious {(Ress, 1963). Alszo, detaziled studies eof the
pathogenesis of 0. ostertagi have been uwndertskea by Ross and Dow
{1965b) and REitchie, Anderson, Armour, Jarrett, Jenanings and
Urquhart (1966). In both of the later experimeﬁts calves were
given & single dose of 100,000 Q. ostertszi and necropsied at
intervals thereafter,

The results of these studies showed that two days posit-
infection swall white nodules, about 1 mm in diametex, were
premsent ir the abomasal mucosa and im the first foot of ducdenum.
The nodules had an umbilicated centre where the gastric glaud
containing the larva had become dilated. By day four, larzvae had
grown so that the vodules were (-2 mm in diazameter and the
occupled glands protruded above the gemeral mucosal surface.
Nodules were most numerous on the fundic mucosz and where
infection was severe, nodules coalesced giving the mucosa =a
corrugated (Ross and Dow, 19%65b) or morrorco-learher {(Ritchie gt
al, 1966) appearance, By day 21 most worms ware found in the
sbomasal Iumen, At this stage, cytolysis aggwsloughiug of the

superficial epithelial cells enhanced the umbilicated appearance
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of the ncedules. VWhere superficial mucoszl erosions became
confluent "thumbprint" lesioés developed (Ritchie et al, 1966).

Histopathological changes were apparent from day 2 when the
glands containing larvae became dilated, There was loss of
differentiation ¢f the parietal and zymogen cells which were
replaced by irregular cubeidal epithelium. Some granulocytes
and mononuclear cells were often seen between the cells of the
qccupied glands. Continued growth of the larvae between 8 and 16
days post infection caused the glands to lengthen and they becane
completely lined with mucous cells, There was increased
cellularity of the lamina propria and stromal vedema was often
present around the necks of the occupied glands, Most of the
surrouunding glands were still normal at day 16. As the young
adults started to emerge around day 21, neighbouring glands began
to lose much of their celliunlar differentiation and bacame linegd
by cuboidal cells while previously occcupied glands werxe still
easily recognisable by their high mucous ecell lining. By day 28
few glands contained larvae and globule leukocyrtes became
prominent, especially between the epithelial cells in the
superficial areas of the glands. Ey 60 or 90 davs post infectionm
previously occupied glands could still be recognised by their
mucous cell liping, but most of the epithelium was ctherwise
normal in appearance. Occasionzl glebular leukocytes and foci of
plasma cells remained.

Lesions in pre-Type I[I ostertagiasie are minimal, ivhibited
larvae occupying glands which become lined by~undiffersatiated
epithelium (Anderson et al, 1965b). Changes are restricted to

the cccupied gland and there i3 no c¢ytolysis or umbilication of
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the area superficial to the larvae.

The pathology associated with the Type II disease relates to
the sequential development of large numbers of previously
inbibited larvae. All the changes seen in Type I ostertagiasie
occur simultaneously and superficial dipbtheresis and oedema are
regular features {Anderson et al, 1965b).

In France a syndrome of oedematous ostertagiasis has been
described in two to three year old cattle (Raynaud and Bouchet,
1976). The abomasum becowmes very wuch enlarged and the abomasal
folds show watery cedema. There may only be a few parasites
associzted with this condition and it has been suggested that it
way be the result of an allergic resction to the éaraaites.

Biochemical changes occur both locally in the abomasum and
in the blood of calves suffering from ostertagiasis.
Hydrochloric acid and pepsin concentrations of the abomasal
contents are reduced (Ress, Todd and Dow, 1963) while the
pepsinogen concentration in the blood becomes slevated {(Anderson,
Armour, Jemnings and Ritchie, 1964),

Ross and Todd (1965) measured the pH and pepsin
coucentration of abomasal contents from calves with clinical and
subclinical ostertagiseis: those calves wost heavily infected
had consistently high pH and low pepsiam, while in those only
moderately infected the changes were less marked., Experimental
work by Jennings, Armour, Lawson and Roberts (1966) nsing calves
fitted with a2bomasal cannulas, clearly demounstrated the sequential
bicchemical chamges. In two calwes infeggéd with 300,000

0, oestertagi larvae, plasma pepsinogen wvalues stayed ag
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_Pre-infectionievels of approximately 0.4 i,U, until day 5 post -
infection when they rose to approximately 1.0 1,U. MNe further
change occurred until day 15 but they then rosze rapidly to a peak
of approximately 6.0 i,U. om day 22. In one surviving calf,
plasma pepsinogen levels remained above 4.0 1i,U. vatil necropsy
at day 62, Also observed was a rapid rise iun pH of the abomasal
fluid to more than 7.0 between days 20 and 22 but this had
returned to near normal in the surviving calf by day 61, The
level cf pepsin in the abomasal fluvid fell after day 21 and
fluctuated markedly at lower levels until the pH dropped to below
6.0, An increazse in sodium a2nd 2 decrease in potassium and
chloride concentraticos was also apparent between days 20 azd 23,

The rise in plasma pepsinogen has been attributed to a less
of integrity of the junctions of the abomasal epithelial cells
associated with the hyperplastic changes in the mucosa {Jenaings
et al, 1966). As the cells of the gastriec glands become less
well differentiated, parietal and zymogen cell secretion is
reduced and the consequent rise in pHd means that less pepsinogen
is converted intc pepsin., This pepsinocgen Lz then allowed to
leak into the circulation through the defective cell junctions.
The elevated pH also allows the number of bacteria in the
abomasum to increase which may be a factor inm the development of
diarrhoea {(Jennings et al, 1966).

Hypoalbuminaemia (Martin et al, 1837) and raised gamma

globulins (Andersen, Graff, Hammond, Fitzgerald and Miner, 1960)
are consistent findings during ostertagiasisy The decrease in
the serum albumin and increase in gamma globulins eoccur

concurrently, approximately 3 weeks after experimental infection
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(Mahrt, Hammond and Miner, 1964; Ross and Todd, 1263

Using 1317 1abetied polyvinyl pyrrolidome (PV?), Mulligan,
Palton and Anderson (1963) were able to demoastrate that, after
intravenouws injection, a much higher.percentaga of the
radioiodinated polymer app%ared in the faeces of clinical cases
of opstertagiasis than in the faeces of unaffected controls. They
also demonstrated a shorter half 1life of labelied serum albumin
in clinical cases and concluded that there was & loss of albumin
into the gastrointestinal tract, Increased azlbumin catabolism
has also been demonstrated in naterally occuring cases of
parasitic gastroenteritis (Cornelius, Baker, Kaneke and Douglas,
1962) and ip Type IT ostertagiasis (Halliday; Muliigan and
Dalton, 1968),

The precise mechanism underiying the hypoalbuminasmia has
been the subject of some coniroversy and although associated with
a leakage of albumin into the gastrointestinal tract by Halliday
et al (1968), Stringfellow and Madden {(1%79) refuted this "leak”
theory, because they could not demonstrate any zigse in the level
of albumin in the abomasa of calves infected with 250,000
0. ostertagi Lq between 22-30 days after infection. Using
horseradish peroxidase as 2 tracer for vascuwlar leakage, they
obtained similar values in the abomaszal contents of uninfected

and infected calves.

Epideniology

Host and envivronmental factors contvibuting to the

propagation of 0. ostertagi and to the development of clinical
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ostertagiasis in cattle have been extengively inveetigated,
Seasonal patterns in pasture availability of 0. ostertagi in
the U.K. were described by Anderson, Armour, Jennings, Ritchie

t al (1969)

and Urquhart {(1969) and Michel (1969a). Anderson
aaséssed the intake and fate of infective larvae in "tracer" and
"permanent" calves on farms where castertagiasis was endemic,
while Michel {1869a) used pasture larval counts to demonstrate
the seasonal pattern of infestation on the herbage. In temperate
areas it is known that the number of iafective larvae recovered
from herbage in the spring falls as a result of botb the adverse
effect of changes in temperature oun larval survival and the
dilution effect of grass growth, Calves turned out for the first
time in May, therefore, usually ingest relatively Few
overwintered Lq but occasionally the herbage comtamination in the
spring may be sufficient to cause clinical Type I c¢stertagiasis
(Taylor, Cawthorne, Kenny and Regan, 1973; Tharaldsen, 1978).
Infections acquiréd at this time become patent in 3 weeks and
eggs deposited on the pasture towards the end of May together
with any eggs which may have overwintersd take 4-3 weeks to
develop into infective larvae. The time taken for development
from egg to L3 decreases as the season advauces and by the second
week in July this development may be complete within as little as
one week (Rose, 1970). Large numbers of infective larvae may
therefore be present by early July and provided conditions
suitable for their migration from the dung pat to the herbage
prevail (Rose, 1962), clinical disease may develop in susceptible

calves by the end of July,
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Calves in their first season zt grass, which usually only
gxperience a light infectiou-in the spring, are net iwmmune, aad
often develop clinical Type 1 ostertagiasis ia the late summer.
During August and Beptember, larvae reaching the herbage are
derived from eggs receatly deposited but these do not normally
cause any further rise in herbage infestation only replacing
larvae which have died or been ingested. Towards the end of the
season, mortality of pre~infective stages is high and eggs
deposited on pasture after the middle ¢f September d¢ not davelop
into infective larvae (Michel, 196%a), This study suggested that
nost infective larvae on herbage between July and the spring of
the following year were derived from eggs passed before July and
that in the Y,K., 0. ostertagi generally only completes ozme
generaztion each year, Where the c¢limzte is warm and huwmid,
however, it is likely that several generations occur {Uonald,
1964),

It is now known that many larvae ingested in the autumn
become inhibited in their development, Early reports described
the presence of fourth stage larvae in the abomasum weeks or
months after cattle wers last exposed to infection (Porter and
Cauthen, 1946; Threlkeld and Johuson, 1948; Martin et al, 1957)
Where many early I, accumulate without obvious clinical sigms,
Anderson gt al (1965b) classified the condition as pre~Type I1
ostertagiasis. This is most likely to srise after a dry summer
followed by rain in autumn which allows a build up of Ly on
pasture at a time when they will be climatically conditioned to
inhibit (Armour, 1970; Chiejina and Clegg, 1978). Pre-Type II

ostertagiasis is the pecessary prelude to the Type II disease
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which develops when sufficienrt numbers of inhibited larvae in the
abomasum vesume their development to the adult stage en masse,

The occurrence of clinical ostertagiasis depends upon the
existence of 2 suitable infecting mass on the pasture and the
susceptibility of the grazing stock {Armeour, 1980), Clinical
Type I ostertagiasis is most often seen in segregated dairy or
dairy-cross calves grazing permanent calf paddocks at high
gstocking rates (Armour, 1970).

Gastrointestinal nematode infections in singie suckled beef
calyes have been investigated by Michel, Lancaster aznd Hong
(1972) who showed that the occurrence of significant pasture Ly
infestations depended on the geason at which tﬁe calves warse
born, Autumn and winter born calves turmed out with their dams
in the spring can acquire infection from overwintered laxvae.
While they graze with their mothers however contamination of the
pasture is diluted by the relatively clean faeces of the adults
but when the calves are weaned in the summer and grazed alone
there may be a build up of potentially dangercus pasture
infestation., Spring and summer born calves on the other hand deo
not begin to graze until overwintered pasture infestetion has
declined to a low level and only a light herbzge infestation is
likely to result. Although a slight rise in faecal egg output of
cows at parturition has been observed (Corticelli and Lai, 1960)
this is not considered an important source of pasture larval

infection.
Rl

a2

Pasture contamination from sources pther than the direct

deposition of Ostertagia eggs in infected faeces has been
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reported, For example Downey and Moore (1977) found
trichostrongylid eggs in slurry from weanling cattle throughout
the astorage pericd and where this slurxry was spread on fields,
berbage larval counts were higher than or sontrol plots, These
continued to be higher until the following spring and during the
grazing 8eason tracer calves picked up seven times &$ many

Ostertagzia and Cooperia worms as those grazed in the control

plots. A clinical outbreak of parasitic gastroenteritics occurred
in early June on the plot contaminated with slurry.

There 18 less Ttisk of recycling nematode parasites with
slurry produced by elder immune cattle and where straw or sawdust
are used to compost manure, asrobic microbial breakdawn elevates
the temperature to 60-70°C and thus reduces larval survival
(Persson, 1974). Covering of liquid manure tanks for 5 months in
the winter and 2Z months in the sumner before disposal, together
with aeration by bubbling air through the tanks and the addition
of lime, have also been recommended {Nansen and Jorgensen, 1377).

Qutbreaks of bovine ostertagizeis have been reperted on
silage aftermath in fields not grazed since the previous autumn
(Bairden, Parkins and Armour, 1979). Emergence of overwintered
0. ostertagi Ly from the soil were considered to be the most
likely sourxce of infection and later the presence ¢f svch larvae
in scil was confirmed (Armour, Al Saqur, Bairden, Dumcan and
Urquhart, 1980). It was suggested that these had either migrated
td the soil surface independently ox with the aid of transport
hosts such as dung beetles or earthworms.  Fiacher (1873)
demonstrated the remarkable ability of the dung beetle to bury

faeces, while Gronvold (1979) recovered viable 0. ostertagi Ly
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from the gur of earthworms and pointed out that where these worms
were eaten by predators there cotld be horizontal and between
farwm dissemination of larvae as well as vertical migration
through the soil.

The role of dipteran £flies {Jacobs, Tod, Dunn and Walker,
1968) ané the gporangiophores of Pilobolus (Robinson, 1962) in
the dissemination of the nematodes respousible for porcine
cesophagoetomiasis and bovine diciyocauliasis respectively have
been investigated but their significance in the epidemiology of

ostertagiasis is unknown.

Inhibition

inhibited or arrested larval development has been defined as
the temporary cessation of development of a nematode at 4 precise
point in its early parasitic 1ife. Inhibition of Q. ostertagi
gemerally occuxrs at the early fourth larval stage during periods
when environmental conditions are unsuitable for the survival or
development of the free living stages,

A number of factors have been considered important in the
development of inhibitionm inecluding host resistance and
physiological changes in the parasite.

Martin et al (1957) speculated that a massive challenge of
infective larvae over a short period of time could cause their
iphibition. Ross (1963) on the other band demoanstrated that an
initial infection with the parasite considerably increased the
numbers of retarded fourth stages from a secorid larval infection

while Michel (1963) related the accumnlation of inhibited larvae

to changes ip the turnover ©f the adult worm burden inm the
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abomasum.

A physiological change in the host or the parasite was first
suggested as a cause of inhibition by Anderson, Armour, Jennings,
Ritchie =znd Urqubart (1963a) and later confirmed by Armour,
Jennings and Urqubart (196%z2)., Using tracer calves they
demonstrated a ten~fold increase in the number of larvae
iphibited at the early fourth stage in calves which grazed in
1€te antuan, compared with those grazed during =summey, In the
animals grazed in the autumn approximately 707 of the total worm
burden consisted of inhibited L, and it was shown that the
percentage inhibition was indepeundent of either the number of
days grazed or the magnitude of the burden established. It was
also shown that inhibition was not transient, similar proportions
of early fourth stage larvae being recovered from calves
necropsied 4 and 27 days after removal from pasture. In a
subsequent study (Armour, Jennings and Urguhart, 1969k) paddocks
contaminated with either a laboratory culture of 0, ostertagi L,
or with Ly derived {rom a vatural field infection, were gragzed in
late autumn by tracer calves, At necropsy a higher proportion of
inhibited larvae were found in the calves which had grazed on the
paddocks contaminated with the £field strsin. Tn addition, few
. inhibited larvae were found at mnecropsy of calveg grazing
parasite free paddocks which were prally infected with the
laboratoxy strain of Q, ostertagi.

The combination of ipuate strain susceptibility and
envivosmental circumskances of late sutumn waere considsred

responsible for larvsl ivhibition and a pheromenon comparable to
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diapause in insects was suggested. 7The environmental trigger for
inhibition was further investigated by Armour (1970) using larvae
conditiconed in 2 climatie chamber., The results suggested that a
percentage of the population of 0. getertagi were promne to
inhibit while others were not and that the relative availability
of the inhibitioco~prone larvae increased during the winter, but
fell in the spriang due to ingestion, selective mortality or
hatching of fresh larvae from overwintered eggs, These results
were in agreement with earlier work by Armour, Jennings and
Urquhart ((967) and with the suggestion of Sollod (1967) but
later Michel, Lancaster and Hong (1974) failed to demonstrate any
change in the relative numbers of inhibitiop~prone larvze on
pasture, Recent work by Michel, Lancastex and Yong (1979) has
demonstrated that age and previous expevrience of infection can
aleo be sigrificant in increasing ichibition. For example, in
previously infected 20 month-old cattle &6Z of the worms
resulting from a single experimental challenge infection were
inhibited as early fourth stage larvae. The possibility
therefore exists for the accumulation of inbkikited larvae at
times of the year other than autumn.

In parts of Australia (Hotson, 1967) and America (Craig,
1979) O. ostertagi larvae which are picked up in the spring
become inhibited. Michel (1974) suggested that the change in
tine of onset of inhibition is due to the operation of a
different selection pressure, possibly the reduced survival of
worms reproducing during the hot dry summer. S

Maturation of iphibited larvae has been observed by Armour

and Bruce (1974), in calves experimentally infected with larvas

I
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conditioned by chilling, 16-18 weeks a2fter the onset c¢of
inhibition, and by Michel, Lanczster and Hong (1976) in naturally
infected calves during March and April., Under natural grazing
conditions resumption ¢f development coincides with the end of
winter in the United Kingdom, when conditions would be suitable
for the development of free living stages. Resumed development
of inhibited Q. ostertagi “en masse” is responsible for the
development of clinical Type II ostertagiasis (Martin et al,
1957; Anderson et al, 1965b) and this im turn may result in
increased contamination of pastures during the late winter and
spring if the cattle are outwintered (Kistner, Wyse and Averkin,
1979, '

The mechanism underlying resumption of development is 3til)
unclear, The work of Armour and Bruce (1974) indicates a
spontaneous and synchronous development resembling dizpause in
insects while Michel (1974) suggests that a regular turnover of
inhibited O, ostertagi proceeds in the host, regulated by the
number of adults present: when large numbers of fourth stage
larvae develop im April it is evident that the population of
adult worms is turned over rapidly.

Changing hormomnal status of the host may trigger the
resumption of larval development. Improved performance has been
observed in cattle treated with a combination of luteinising
bhormone and anthelmintic (Cawley and Lewis, 1975). There is,
however, doubt whether the improvement reflegygd a reduction iu
worm burden, Treatment with pregnant mares serum, luteinising

hormone and stilbeoestrol did not render inbibited larvae
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susceptible to anthelmintics in trials by Armour, Jennings, Reid
and Selman (1975) nor did the luteinising hormone-like activity
of human chorionic gonadotrophin {Cummins and Callinan,1979).

A rise in circulating. cestrogens in adult cows mnear
parturition has been associated with relaxation of immunity and
maturation of inhibited larvae (Wedderburn, 1972), however it
appears unlikely that a depression of immunity alone is
respongible for the maturation of inhibited fourth stage larvae,
since Armour (1967) and Prichard, Donaléd and Hennessy (1974)
could not demonstrate resumed development of inhibited larvae in

corticosteroid treated calves,

Host Resistance

An effective immunity to infection with 0. ostertagi
develops slowly. It has been shown that calves exposed to
natural infection at pasture are still susceptible to challenge
mid-way through their first grazing season (Rose and Dow, 1963a)
while prolonged daily exposure over five to eight months duration
whether by natural acquisition (Ross and Dow, 1965a) or by
experimental imnfection (Michel, Lancaster and Hong, 1973) confers
protection,

Michel et al (1973) infected calves with 1000 0., ostertagi
Ly daily for 250 days then challenged with 30,000 L. Ninety-~
five percent fewer worms established in the previously infected
calves than in uninfected controls,

Armour (1967) demonstrated that immunity, established after
the first grazing season, wanes during the winter housing and

observations on young cattle grazing over two seasons (Armour,




23

Bairden, Duncan, Jennings and Parkins, 1979) suggest that small
infections become established early in the second grazing period,
which may be significant in the epidemiclogy of ostertagiasis,
There is no marked age immunity in ostertagiasis and cutbreaks of
acute (8elman, Reid, Armour and Jennings, 1976) and chronic
{Cawley and Lewis, 1976) disease have been reported in older
cattle, TYearlings are however better able to withstand the
offects of gastrointestinal parasitism than younger animals and
reduced establishment, stunting of worms and lower egg outputs
have been reported in 15 month~old yearlings compared with thres
month-~old calves exposed to mixed trichestrongyle infections
(Smith, 1970).

Immunity to Ostertapia is acquired more rapidly in adults
than in calves (Michel gt al, 1979). This, however, may be lost
in heifers during early lactation and outbreaks of clinical Type
IT ostertagiasis have been reported in cows and heifers at
parturition (Wedderburn, 1970; Petrie, Armour and Stevenson,
1984). Previously infected adult cattle have begen shown to
acquire large burdens of inhibited larvae (Michel et al, 1979)
and although the mechanism which stimwlates their maturation is
at present unkrown it may be associated with a relaxation of
immunity around calving: a rise in ocestrcgens during the late
stages of parturition have been incriminated (Wedderburn, 1972).

Attempts to immunise against O, ostertagi (including the use
of irradiated larvae) have met with little success (Armour, 1967;
Burger, Eckert Chevalier, Rahman and Kenigsmann, 1968)., It has

been shown that various regimens of single oy multiple oral doses
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of larvae may elicit resistance in that reduced establishment,
lower fecurdity and wmorphological changeg were pregent in
chzllenge inoculations, but no significant protection against the
pathogenic effects of ostertagiasis was evident {Herlich, 1976).

Herlich and Douvres (1979} inoculated calves,
intraperitoneally with parasitie larvae grown in vitro, and
intraperitoneally apd intravenously with exocantigens of
challenge with Lge

The mechanisms of resistance to ostertagiagis remain
unknewn, Treatment with cortisone has been shown to influence
the lerngth of worms and the incidence of females  withoul vulvar
flaps (Michel and Sinclair, 1969)., Female worms in corfisane
treated calves temded to be longer and had better developed
vulvar flaps than those recovered from wuvntreated control calves,
In cortisone treated calves, faecal egg counis remained higher
and worm expulsion was slower than in untreated controls and
although corticosteroids do not appear to affect the development
of inhibition (Michel and Sinclair, 1969) or the redevelopment of
inhibited larvae {(Prichard, Donald and Hencessy, 1974), they may
inhibit the natural rejectiom of emergent larvae. Although
elevated levels of serum IgC, TgM and Tg4 have been demonatrated
in ostertagiasis (Jenser and Nanpsen, 1978), the relative
importance of humoral and cell mediated components of the immune

response has not yet Dbeen determined.

Treatment snd Control

A wide range of anthelminties are availasble for the




treatment of Type I ostertagiasis and the most commonly used
belong te four chemical groupings i.e. the benzimidazoles,
probenzimidazoles, imidazothiaszoles and avermectins (Armour and
Bogan, 1982), 0f these only the lesgs soluble benzimidazoles,
which remain longer in the gut lumen at effective conceatrations,
and the avermecting are effective against inhibited larvae,

The uptake of authelmintic by inhibited larvae was

originaily thought to be restricted by their redwnced metabolic

rate {Armour, 1967) but more recent in vivo observations on the
incorporation of 146-thiabendazole by adult worms and inhibited
fourth stage larvae have indicated that the uptake by inhibited
larvae is not reduced {Prichard, Donald, Dash and Hennessy,
1978). Rather it seems that the duration of exposure effects the
anthelmintic tolerance of inhibited O, osterktagi suggesting that
inhibited larvae can withstand a temporary energy deprivation as

t al,

a result of treatment but not a sustained one {Prichard
1978).

The benzimidazoles of proven efficahy against inhibited
larvae include fenbendazole {Duncan, Armour and Bairden, 1978),
oxfendazole (Armour, Duncan and Reid, }1978; Kistner et al, 1979}
and albendazole (Williams, Knox, Shechan and Fuselier, 1977;
Downey, 1978). However, variations in efficacy of fenbendazole
(Elliott, 1977; Lancaster and Hong, 1977; Lancaster, Hoﬁg and
Michel, 1981; Williams, Knox, Baumann, Snider and Hoernmer, 1981b)
and albendazole (Williams, Knox, Baumann, Snider and Hoerner,
1981a} have been reported.

Duncan, Armour, Bairden, Jeunings aund Urgquhart (1977)
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suggested several factors which could account for the conflicting
data. These include seasonal differences in the depth of
inhibition, the aetiology of the inhibited development and the
route and rate of passage through the uwpper alimentary tract. By
treating cattle with pre-Type Il ostertagiasis both in the autumn
and in winter Duncan et al (1978) were able to demonstrate that
the efficacy of fenbendazole was not affected by seasonality.
Although the oesophageal groove reflex may divert orally
administered anthelmintics directly into the abomasum in a
proportion of animals (McEwan and Oakley, 1978) it seems unlikely
that rumen bypass greatly affects drug efficacy (Anderson,1979;
Marriner and Bogan, 1979 ). However it is apparent that the
susceptibility of inhibited burdens of Ostertagia to fenbendazole
can vary (Lancaster et al, 1981) but the reasons for this
variation remain unexplained,

Recently a new group of anti-parasitiec drugs, the

avermectins have been produced. 'These are the fermentation

metabolites of the actinomycete, Streptomyces avermitilis (Burg,

Miller, Baker, Birnbaum, Currie, Hartman, Kong, Monaghan, Olson,
Putter, Tunac, Wallick, Stapley, Oiwa and Omura, 1979). The
natural B,, component, ivermectin, has more than 90X efficacy
against all stages of Ostertagia as well as broad spectrum
activity against other cattle parasites (Armour, Bairden and
Preston, 1980; Elliott and Julian, 1981; Yazwinski, Greenway and
Williams, 1981).

In general, control measures are dasigned to preveant the
occurxrence of disease, coumplete eradication of 0, ostertagi being

impossible (Michel, 1969b); the majority of control programmes
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are also designed to allow sufficient exposure of young stock to
ﬁstertagia infection to allow the acquigition of immunity.

Michel(1967a) used the seasonal pattezrn of herbage
infectivity to devise 2 control system commonly teferred to as
the Weybridge “dose and move” system, This relies on the fact
that herbage larval levels are relatively low until July. Before
the annual rise in pasture larvae which generally occurs in late
July the animals are moved to aftermath or to pasture net grazed
by other czttle that year, Where this move is accompanied by
anthelmintic treatment it is unlikely that the new pasture will
become heavily contaminated,

Unfortunately the dose and move system does ﬁot always allow
the most economic utilisation of available herbage and othex
control systems have been developed, These include rotational
grazing, alternate grazing with different hosts ané integrated
rotational grazing with different groups of cattle of varying
immune status., Simple rotational grazing has proven to be
unsuccessful {(Levine and Clark, 1961; Michel, 1969b)mainly
because the animals have ultimately returned to graze paddocks
which they had earlier contaminated, The annual zlternation of
sheep and cattle depends on a3 low degree of cross contamination
of parasites between hosts and has been shown to provide good
control {(Southcott and Barger, 1975)., Where grassiand management
is suitable snother area may be set aside for crops such as hay
or silage thus extending the rotaticon to three years {(Rutter,
1975).

Integrated rotatiomal grazing systems have been shown to
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improve the productivity of young susceptible stock (Leaver,
1970; Wagle, Brophy, Caffrey and 0"Huallain, 1980)., Basically
susceptible animals are grazed in rotation ahead of immune adult
cattle. Thus calves consume the upper relatively uncontaminated
echelons of the herbage while the immune animals graze the lower
more heavily contaminated strata.

Where young stock must be set stocked for management
reasous, anthelmintic treatment on several occasions in the early
part of the grazing season has been shown to resduce pasture
contanmination later in the year (Armour, 1978}, Such treatment
regimens may be superseded with the advent of sustsined release
devices which provide the daily release of anthelmintic for the
first 2-3 months of the grazing season., In the U.K. for example
the administration of a morantel device cnce during spring
ocbviates the need for Ffurther ceoatrol of gastrointestinal
parasites during that grazing season (Arzderson, Laby, Prichard
and Hennessy, 1980; Armour, Bairden, Duncan, Jones aund Biiss,
1981; Jacobs; Fox, Walker, Jomes and Bliss, 1981; Jones, 1981),

The work reported in this thesis was uadertaken o examine
in detsil several aspects of infection with O, ostextagi in
cattle. The effect of age on the immune status was investigated
and an attempt was made to immunise calves against Q. ostertagi

using a related parasite Ostertagia leptospiculaxis. The major

part of the work however is concerned with the interaction of the
parasite at the mucosal surface of the abomasum. Consesquent
biochemical and hormonal changes within the host are studied and

compared in perasite naive and previously exposed animals.
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General Material and
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GENERAL MATERTIALS AND METHODS

Animals
All enimals were born and reared indoors. Friegian and

Ayrshire calves, approximately & months of age, werxe used in all

the experiments with the exception of Experiment 1 when parasite-
naive Friesian cattle aged 9-135 monthe old were obtzined from the
West of Scotland Agricultural College, Auchincruive, Ayrshire,
and Experiment 9 when adult dairy cows from a commercial herd
were used, During indoor trials, the amimals were housed in
concrete pens which were cleaned tﬁoroughly three times per week
and were bedded with fresh straw daily., 1-3 Kg concentrates
(Calf rearing pencile, BOCM Silcock) wers offered‘d&ily together

with hay and water zd 1ib.

Weighing Procedure

& calf crate (Precision Weighers, Reading, England) was used
to weigh the smallgr animals and gz cattle weighing tape (Dalton
Supplies, Nettlebed, Henley—on-Thames, dzocn, Eugland) usad to

estimate the weight of larger animals,

Recropsy Technique

Animals were starved for 24 hours before slaughter. A
captive bolt pistol was used to shoot the larger calves, and the
smaller calves were killed by intraveunous injection of

. . K
pentobarbitone sodium .

* o~ L4
[“Euthatsl” - May and Baker Ltd, Dagenham]
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The abdomen was opened and a ligature tied at the
abomasel/duodenal junction before the abomasum was scparated and

removed together with the omasum.

Abomasum

After careful removal of the cmasum, the abomasum was opened
along its greater curvature and the contents collected, A 30 wl
semple was Laken for ecstimation of pHE and sections of mucosa werae
taken for histology, The mucosal surface was then washed under
slow running water and the contents made up to & litres, After
thorough mixing; duplicate 200 ml samples were transferred into
labelied containers, to which 10 ml of 40% formalin was added.
The abomasal muccosa was scraped off with s boning knife, weighed
and incubsted for 6 hours witk 2 pepsin-hydrochioric acid mixture
at 42°C., The digest was then made up to 4 litres with cold wvater
and duplicate 200 ml samples taken and formalised as above,

The pepsin—hydrochloric acid soluwtion waze made up by
dissolving 80 grams of pepsin A, (British Drug Houses, Poole,
Dorset, England) in 4 litres of lukewarm water, 250 ml
concentrated HCl was added and the total volume made up £o §

litres with water.

Worm Counting and Identificeation

A few drops of iodine {(45% solution) were added to the
saﬁples of abomasal washing or digests. After thorough mixing, 4
ml was withdrawn using 2 wide bore pipette and transferved to a
lined petri dish, The sample was then decolourised with sodium

thiosulphate solution and the parasites counted and identified
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under a dissecting microscope (Model HM.5., Wild, Heerbrugg,
Switzerland)., Ten & ml aliquots were counted and classified as
adult wale or female parasites, developing larval stages or
early fourth stage larvae (L4), The extent of development in the
bursal or wulvar regions znd the presence of a sheath as well as

size characteristics were used for larval differentiation,

Worm Measurement

(ne hundred adult worms of mixed sex were withdrawn from the
duplicate 200 ml samples of abomasal contents orxr digests of each
animal. The worms were wmounted in glycerin jelly and projected
onto the glass screen of a Projectina microscope‘(?rojectina Ce,
Ltd, Heerbrugg, Switzerland) using the X 10 objective., The image
of each worm was drawm onto tracing paper and measured using a
drafting map measurer (H.B., Paris, Framce), The result was

divided by 10 to give the length of the worm in centimetres.

Blood
Collection and Storage

Blood samples were taken from the jugular vein. A 20 gauuge
1l inch needle and vacutaimner holder {(Becton-Dickiuson,
Rutherford, New Jersey, U.8.A.) were used aznd blood collected in
an evacuated 15 ml test tube withouit coagulant., ZTLubes were
stored overnight at room temperature and then the clot was
removed nwsing fine forceps. The serum was subsequently
centrifuged at 3000 rpwm for 15 minutes in a MSE NMistral

centrifuge (Measuring Scieutific Equipmeant, Londom, England) and
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decanted into flat bottomed plastic tubes (Luckham Ltd, Victoria
Gardens, Sussex). These were stored ar -20°C.

In Experiment 8, blood wasg collected in 10 ml heparinised
vacutainer tubes (Lithium BHeparin 143 [.S5.P. units). These were
centrifuged without delay at 3000 rpm for 30 minutes and plasua

was stored as above.

Serum Pepsinogen

Edwards, Jepson and Wood (1960) desc¢ribed 2 technique for
the estimation of plasma pepsinogen in man, A similar method was
used to measure serum pepsinogen levels in experimental animals.
Serum was incubated at 37°C with bovine serum albumin substrate
(Fraction V, Sigma Chemical Co., Kingston-upon-Thames, England}
adjusted to pH 2, After 24 hours, protein was precipitated with
47 trichlorovacetic acid {TCA) snd the liberated phemnelic amine
acids (tyrosine) non-precipitable with TCA were estimated with
Folin-Ciocalteau reagent (British Drug Fouses, Puole, Fagland).
Readings were carried out using a spectrophotometer (Unicam,
Cambridge, England). Corrections were made for the release of
tyrosine from bovine serum albumin when incubated alone., The
enzyme activity was expressed as internatiomal ,upits (i.U.)
Tyrosine ( p mols tyrosine released per 1000 ml serum per
minute). An identical procedure was uvsed for the estiﬁation of

plasma pepsinogen levels in Experiment 8,

Gastrin Assay
Gastrin levels in serum were assayed using a commezcially

available diagnostic kit (1251 Gastrin Radioimmunoassay Xit,
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Cambridge Medical Diagnostics Ine,, Mass., U,8,A.). The gastric
asgay utilised 1251 1abelled gastrin and a specific anti-gastrin
antiserum to determine the levels of gaetrin in serum specimens
by the double antibody/polyethylene glycol precipitation
technique,

The principle of the procedure is outlined ir the kit
protocol and ig based on the ability of a limited quantity of
antiboedy to bind a fixed amount of radiolabelled antigen and the
inhibition of this reaction by an unlabelled amtigen. The
percentage of bound radiolabelled antigen decresses gs a function
of the increasing counceuntration of unlabelled antigen in the test
sample. Separation of the bound and free radiolébelled antigen
is necessary in order to determine the quantity of unlabelled
antigen, This is accomplished by insolubilization of the
antigen—~antibody complexes by a combination of chemical means
e.g. polyethylene glycol precipitat:ion and by the addition of a
second antibody directed towards the immunoglobuiiin present in
the original antiserum. The quantity of unlzbelled antigen in an
unkpown sample is then determined by comparing the radipactivity
of the precipitate after centrifugation with values rstahlished
using known standards in the same assay system.

The reagents and assay procedure used in thig thesis are
briefly outlined. Plasma was used instead of serum for the

test samples in Experiment S.
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125 Gastrin Radicimnunoassay

Reagents:
1251 Gastrin; CNR-11i5:
1251~13be11ed human synthetiec gastrin and non-immune rabbit

serum. Supplied in lyophilised form., Containe approximately 2.0

et 125y,

Precipitating Reagents; CHNR-645:
Goat anti-rabbit gamma globulin and 2% polyethylene glycol

in borate buffer containing preservative.

Gastrin (human synthetic) Standard; CHR-315:
Synthetic human gastrin in Assay Buffer, at the following
approximate concentratioms: 50, 100, 175, 3060, 5G0 and 1000

pgful.

Gastrin Contrcls; CHNR~515 and CNR-516:
Human sypthetic gastrin in humsn plasma plus preservative

supplied in lyophilised form.

Reconstitution of Lyophilised Reagents
| The vial was fapped gently to dislodge any large particles
that were trapped on the stopper or the side of the vial and then
the rubber stopper was carefully removed and placed inverted onto
a clean surface. The appropriate recoanstitution volume was
carefully added to each vial, the stopper replaced and the solid
matter allowed to disseolve at room tempersture-for 20 minutes.
After 20 minutes the virl was inverted gently a few times tc

wash off any particles that may have adhered to the septum, then
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the vial waes allowed to stand for & few more mioutes to achieve a
complete solution, After visually checking for complete
reconstitution, the wvial was gently swirled to obtain a

homogenous sclution. Vigorous agitation and foaming was aveided.

Assay Procedure

The standard level points and samples were run in duplicate.
4 standard curve was run with each set of clinical specimens.

The capped reagent bottles and vials were brought to room
temperature {18~30°C) before use and returned to recommended
storage conditions immediately thereafter to minimize
deterioration.

&, 12 x 75 mm plastic tubes were labelled as follows:

Total counts (TC), tubes 1 and 2

Non speecific bindimng (NSB), tubes 3 and 4

Maximum binding (Bo), tubee 5 and 6

Standard (A to F), tubes 7 to 18

Control (Low and High), tubes 13 o 22

Starting with tube 23, each pair of sample teet tubes were

numbered consecutively.

b. 200 Pl of assay buffer was added to the NSB tubes, numbers 3

and 4,

C. 100 pl of assay buffer was added to the B, tubes, numbers 5

and 6,

d., 100 pl of gastrin standards (& to F), controls low and high
and test semplaes were added to the appréériate tubes,

€ 100 fl 125¢ gastrin solution was added to 21l tubes.
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100‘P1 gastrin antisergw was added to all tubes except TC
and NSBE tubes,

All the tubes were shaken gently within the test tube rack,
covered and incubated for 60 minutes at room temperature.
After shaking the bottle of precipitating reagent wall to
ensure an even suspension, 1 m]l of reagent was zdded to all
tubes except the TC tubes.

Tubes were mixed (Vortex mixer) and iacubated for 10 minutes
at room temperature.

The tubes were then centrifuged at 1500 g for 10 minutes,
The supernatant of gach tube (except the TC tubes) was
decanted very carefully to aveid dislodging  the pellet and
the rim of each tube blotted.

The radicactivity in all tubes was counted for 30 seconds,
This was sufficient to remove counting statistics as ap

important source of variability.

Calculation of Results

1.

2,

Determine the average counts for each set of duplicate assay
tubes,

Subtract the average NSB counts (tubes 3 and 4) froum the
average B , standards, controls and test samples to
determine the average net counts for sach sample,

Divide the average met B, counts (tubes 5 and 6) into the
average net counts of the standards, controls and  test
samples. Multiply this number by 100 to yield the Z B/B0

for each ssmple,
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Cpmy T CPWygy
ZB/B, = : X 100

4. Plot %B/B, for each standard versus the standard
concentrations in pg/m) on semi~log graph paper. The
concentration of gastrin in the test and control samples

may be read directly from this standard curve.

¥aecal Fgz Counting Techinque

Faecal samples collected per rectum were examined by a
modified McMaster technique (Gordon and Whitlock, 1939), Three
grams of faeces were homogenised in 42 ml of water and the
suspension passed through a 250 micron sieve (ﬁndecotts Led,
London, England). After mixing, 15 wml of the filtrate was
withdrawn ianto a flat bottomed tube and centrifuged for three
minutes at 2000 revolutions pex minute (rpm). The suparnatant
was poured off and the pellet agitated (Jortexz Jr. Mixer,
Scientific Industries Inc., Queens Village, New York, U.S.A.).
The sediment was resuspended in saturated salt (MaCl) solution,
inverted six times and sufficient suspension to £ill both
chambers transferred by pipette to a McMaster worm egg counting
slide (Gelman Hawksley Ltd, Harrowden, Northampton), The number
of eggs under both grids {(volume 0.15 wl) were counted and the
result multiplied by 50 to give the number of eggs per gram,

In Experiment 9 where negative results were obtained by the
modified McMaster technique, the remainder of the saturated salt
solution, containing the resuspended faecal sediment was topped

up until a positive meniscus formed and a coversliip placed on
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top. The coversliip was removed after two minutes, care being
taken to holé it horizoentally. FEgge which had risen in the salt
solution and stuck onto ibe coverszlip could now be counted undex

the microscope,

Preparation of Larval Inocula

Experimentally infected male calves with positive faecal egg
counts 21 days post infection were fitted with a harness and
collecting bag., Faeces recovered twice daily were mixed with
vermiculite and approximately 100 z samplies placed inm screv top
honey jars which were thea incubated at 23°C for 14 days. 1In
order tov harvest the larvae, the jars were filled with lukewarm
water and left for 2-3 hours to allow larvae to migrate intg the
water, The jars were then emptied through a course sieve, which
retained the faecal debris, and the filtrates pooled. This
suspension was then passed through a Buchner apparatus, larvae
being retained by two 8 inch milk filters {Maxa Filters, A.
McCaskie, Stirling). Lérvae were recovered from the filters
using a Baerman apparatus which consisted of a glass funnel
closed at the neck with rubber tubing and a ¢lip, filled with
lukewarm tap water. The filters were supported by a metal sieve
{150 microns) placed on the wide cnd of the funnel just touching
the surface of the water, Motile larvae which migrazted into the
water were collected from the neck of the funnel after 6 hours,
For all counting procedures the suspension was thoroughly
agitated to redece clumping of larvae. o

An estimate of the larval concentration was made by counting

40 X 0,025 m1 aliquots {1 ml) of the suspension., A miviwmum of
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400 larvae were counted and to facilitate counting the suspension
was 80 diluted that the number of Ly per 0.025 ml did not exceed
30. When the number of larvae per ml was known, the volume
necessary to provide the required inoculum could be calculated,
Individual doses were then pipetted out and made up to a standard

20 wl with tap water,

Abomasal Canaulae

The abomasal cannulae were made cof solid plastic
(Polypenco), similar in design to those used by Armour (1967),
gxcept that they had a wider base which was either flat or guiter

shaped (Fig.I and Fig.Il),

Jasertion of Cannula

Calves were starved for 24 hours prior to surgery, Under
general anaesthesia with pentobarbitone sodium B.P. (Vet.) 60
mg/ml*, the cannula was inserted in the greater curvature of the
abomasum as near as possible to the fundic-pyloric jumction and
exteriorised on the right side approximately 8 cm from the last
rib (Fig.III znd Fig.IV). Calves were treated with procaine

s eaq e RN
penicillin 5 for three days after surgery.

*
" [sagatal, May and Baker Litd, Dagenham, England]

f% [Duphapen, Duphar Veterinary Ltd, Southampton, England]
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Fig. I Assembled plastic cannula

Fig. II Components of plastic cannula



Fig. 111 Cannula in situ

Fig. IV Close up-cannula in calf
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Collection of Samples

A wide bore plastic pipette 18 cm long was inserted into the
cannula to facilitate collection of gbomzsal fluid, Withdrawal
of the pippette and replacement of the cannula cap cequired
congiderable ecare, to avoid excessive loss of fluid, Saoples
were tazken in plastic contaimers.

For endoscopy and biopsy procedures, a rubber stopper was
inserted into the cannula, reducing the external diametexr such

that there wze minimal loss of abomasal fluid,

Histological Mathods

Collection of Samples

Biopsy material was taken using a flexible cable with
serrated scissor attachment, through the appropriate aperture of
a fibre optic endoscope (Pentax, Asahi Opiical Co., Japar) or was
taken blind using a solid biopsy instrument {Stort, Sermany).

At post mortem examination abomasal cections were taken from

the fuadic and pyloric areas of all animals.

Preparation of Sections

Tissue samples were fixed in either 10% formalim for routine
microscopic study of the histological structure and eosinophils,
or in Carnoy”s fluid for mast cells and mucus. Sectioﬁs were
transferred from Carmoy’s fluid inte 70% alcohol after six hours.
Formalin~fixed tissues were processed in a stawvdard 24 hour
histokivelte cycle and vacuum embedded in paraffin wax, Sections

cut at G.P were examined after staining with haematoxylin and
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eosin. Carnoy-fixed tissues were dehydrated and cleared in 3
changes each-of 100% methanol and xylene at 4°C and vacuum
embedded in wax. Sections cubk at 6 p were examined after
staining with astra blue/safrannin 0 and alcian blue/periodic

acid schiff (PAS),

pH of Abomasal Contents

The pH of abomasal contents was determined using a pH meter
(Radiometer pH meler type PHM 266, Electronic Measuring
Instruments Ltd, Copenhagan, Denmark), All the measurements were
made within 10 minutes of removal of the fluid from the abomasum
and the meter was regularly checked against standard phosphate

buffer pH 6.5.

Pepsin Concentration

Abomasal contents were centrifuged for 15 minuces at 15,000
g and the supexrnatant fluid removed for amalysis of peptic
activity.

Pepsin concentration was estimated by incubation for 2 hours
(37°C) of 0.2 ml abomasal contents with 5.0 ml of 2% bovine serum
albumin substrate previously adjusted to pH 2,0 with 2N HCI.
After precipitation with 2.0 m1 407 trichloroacetic acid, the
liberated tyrosine was reacted with Folin~Ciocalteau’s reagent
and estimated with a spectrophotometer (Upicam SP600) at 680 mu.
Results were expressed in international units tyrosine ( P mols

tyrosine released per 1000 ml serum per minute),
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Coliection of Adult Parasites

Donor calves were star§ed for 24 hours prior to ngcropsy.
Calves were killed by intravenous injection of pentobarbitone
sodium. The zbdomen was immediately opened and a ligature tied
around the abomasal/duodenal junction, The abomasum was removed
together with the omasum and wae placed in 3 warm bucket where it
wvas separated from the omasum, The greater curvature was opened
and the mucosal surface washed under a gentle stream of warmed
phosphate buffered saline (FBS) each litre of which had been
supplemented with 2 grams of glucose. The contents were then
made up to 2 litres with warm PBS and gently agitated prior tou
removal of 200 ml for the estimation of worm burden. The
remainder was divided evenly and tramsferred into two recipient

calves (Fig.V).

Anthelmintics

Fenbendazole 10Z w/v solution (Panacur 10% suspension,
Heoechst U.K,, Middlesex, England) administered orally or
intrarumenally at a dosage rate of 7.5 mg/kg body weight.

Thiabendazole 17.6% w/v solution (Thiabenzole suspension,
MSD AGVET Division of Merck, Sharp and Dobhme Ltd., Hertfordshire,
England) administered orally at a dosage rate of 66 mg/kg bady
weight.

Levamisole Hydrochloride 1.3%2 w/v solution {(Nilverm,
Imperial Chemical Industries ple, Cheshire England) administered
orally at a dosage rate of 7,5 mg/kg body weight.

Diethylcarbamazine Citrate 40% w/v solutien (Caritrol, May

and Baker Ltd,, Dagenham, Essex, England) administered by
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Transfer of adult parasites into recipient calves




intramuscular injection at a dosage rate cof 20 mz/kg body weight

for three succeseive days.




-

Section 1
Some aspects of Immunity to Ostertagia

ostertagi infection in cattle
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IRTRODUCTICK

Resistance to infection by nematodes of the gastrointestinal
tract is poorly understood. Most of the recent information on
immunity to guch infections has come from the study of
laboratory host~parasite syestems and there are 2 number of
reviews of interest on the subject (Seulsby, 1957; Urquhart,
Jarrett and Mulligan, 1962; Kelly, 1973; Ogilvie and Jones, 1973;
Wakelin, 1978; Befus and Bienenstock, 1982). From these it is
apparent that immune phenomena in helminth infections are
erxtremely complex, and that an absolute sterile immunity to
reinfection is rare, Natural resistance to certaﬁn infections
however may be cbserved in animsals which have not been previouely
exposed, For example, where a species of parasite is ingested by
an incompatible hest it is unlikely to establish (Miller, 1978b).
Also age resistance to infection, which may reflect biochemical
or metabolic incompatibilities between host and parasite, has
been demonrstrated in lambs which became refractive to the effects

of infection with Nematodirus spp. when more that six months old

{(Gibson, 1959) and in adult dogs, resistant to Ancylostoma
caninum (Miller, 1965). Parasite contact often stimulates a non-—
specific inflammatory process which represents a major component
of the hosts natural defence mechanism thus an acute inflemmatory
response to 4 gastrointestinal nematode ig likely to result in
changes in the gut mucosa which will be deleterious to the

establishment of the parasite,
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Acquired immunity to most gastrointestinal parasites
:Equires exposure to live parzsites undergoing ar least part of
their life cycle. Both humoral and cell mediated arms of the
immune system are thought to be imvolved and these may act op the
parasite independently or in concert.

Paggive immunity has been demonstrated by the transfer of

immune serum in certain infections including Haemonchus contortus

in sheep (Luisenko,1956) but such immunity is generally weakex
than that stimulated by active infectica. In other host parasite

systems, such as Trichestrongylus colubriformis in the guinea

pig, no such passive protection could be demonstrated (Wagland
and Dipeen, 1965)., Although raised IgM immunoglobulin levels
have been reported in many host parasite systems imcluding cheep

infected with Ostertagia circumcineta {Anderson, Curtain, Jobnson

and Simoms, 1972 - cited Kelly, 1973} there is little evidence to
suggest that these immunoglobulins are iwmpoertant in the defence
of the host. However IgG antibody fractions from imwmune sera
have been shown to confer protection when passively transferred

to rats infected with Nippostrongvius brasiliensis (Jones,

Edwards and Ogilvie, 1970). While reaginic antibodies, both
specific and non-specific, are commonly produced in response to
intestinal nematode infections (Sadun, 1972), a protective role
has yet to be demonstrated for IgFE (Jarrett, 1973)., It is known
that specific IgE mediates mast cell and basophil degranulation
in the presence of parasite antigens resulting in the release of
vasoactive amines (Wilson and Bloch, 1968) and it is possible
that this may play amn important part ip the “gelf cure"

phenomenon observed in some gastrointestinal nematode infections
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such as H. contorxtus in sheep (Stoll, 1929).

Similarly, aitbough IgA is the major immunoglobulin of
mucosal secretions a functiomal role for IgA in immunity to
nematode infection has still to be clearly established (Befus and
Bienenstock, 1982),

There have been 2 number of reports om the importance of
cell mediated immunity in resistance to nematodiases. Protective

immunity against T. colubriformis has been demomstrated in guinea

pigs with the transfer of immune mesenteric lvmph node cells
(Wagland and Dineen, 1965); alsc in guinea pigs, combined
peonatal thymectomy and long-term lymph drainage has resulted in

"t

reduced resistance to T. colubriformis infection (Dineen and

Adams, 1970}, A mumber of other studies have shown that T cells

are involved in the immune respomnse of sheep to 0. circumcincta

(Anderson et al, 1972 -~ cited Kelly, 1973) and of rats to

K. brasiliensis (Relly and Dineen, 1972).

Kon-lymphoid effector ¢cells have also bsen implicated in
worm expulsion. The release of vasoactive substances by mast
cells in the intestine cause increased permeability of the mucosa
(Murray, Jarrett and Jemnings, 1971) and this may bave an effect
on the worms (Dineen and Kelly, 1973), either by rendering the
environment unsuitable for parasite survival (Mulligap, Urqubart,
Jennings and Neilson, 19653) or by allowing specific antiworm
antibodies to reach the worms (Barth, Jarrett and Urqubart,
1966). The release of enzymes by eosinophils, which have been
shown to attach to the surface of intestinal n;ﬁatodes {(McLaren,

Mackenzie and Ramalho-Pinte, 1977), may also affect worm
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establishment and expulsion.

Hoet resistance may affect parasite populations in a number
of ways. For example a spectacular response has been obsgserved in
burden is rapidly expelled in response to a superimposed larval
challenge (Stewart, 1950). However there is alsoc evidence to
suggest that this expulsior or self cure mwmay occur
independently of larval challenge and may be mediated by dietary
factors (Allonby and Urquhart, 1973), Whether larval and dietary
stimuli trigger a2 common pathway resulting in expulsion of
Haemonchus adults remains to be proven,

Less dramatically a reduvction in the number of parasites
becoming established has been observed in cattle immune %o

Dictyocaulus viviparus (Michel, 1962) and retardation of

development has been demounstrated in a c¢alf given tepeated
infections of Q. pstertagi over a nine month period (Threlkeld
and Johnson, 1948), Also morphological characteristics of some
parasites may be affected by host immunity., In the case of
0. ostexteagi the development of the wvulval flap is greatly
reduced in resistant animals (Michel,1967b). Where acquired
immunity to certain nematodes has developed, the biotic potential
of mature female worms may be affected and suppression of egg

production has been noted in the case of D. ostertagi infectioen

in cattle {Michel, 1963) and in Nematodirus spathiger in sheep
(Donald, Dineen, Turmer and Wagland, 1964).
The present experiments were designed to study aspects of

immunity to O, ostertagi im cattle.
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EXPERIMENT 1

in young cattle.

Introduction

Acquired resistance has been shown to develop to many
gastrointestinal parasites of cattle during their first 18 months
at pasture and has been shown to develop more quickly to Cooperia
than to Ostertagia (Roberts, 0"Sullivan and Riek, 1952; Rosgs and
Dow, 1965a). Clinical ostertagiasis has however beenr observed in
adult cattle, Most of the reports describe a syndrome similar to
Type II ostertagiasis of young stock (Hetson,1967; Wedderburn, 1970

Selman et al, 1976) but there have been a number of outbreaks
attributed to the development of parasites within the normal
three week period (Andrews, Jones and Sippel, 1953;Bailey and
Herlich, 1953; Beckland, 1962; Smith sand Jones, 1962). It is
unlikely, in view of these reports, that sn erffective age
immunity operates in 0, ostertagil infection,

A number of conflicting reports have been published oun the
effect of age on experimental infection with O. ostertagi,
Herlich (1960) failed to demonstrate aay change in prepatent
period, worm size or egg output in worm free cattle of 18-25
months old experimentally infected with Ostertagia. The same
auvthor has since suggested that cattle up ta two years old are
equally susceptible teo infection amd reinfection with
0. ostertagi in so far as establishment of worms is concerned,
but that two year old cattle are better able to withstand the

pathogenic effects of the parassites {Herlich, 1980). In coatrast
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stunting of worms, with inhibition of egg production and reduced
faecal egg counts, were demonstrated after Qstertagia infection

in 15 month old cattle compared with 3-4 month old calves (Smith

and Archibald, 1968; Smith, 1970). In cattle more than 30 mounths
old, a reduced clinical response to experimental Qstertagisa
infection was observed and attributed to a retardation in
development, since the parzsites had not commenced emergence by
day 28 after infection (Armour, 1967). More recently, resistance
has been shown to develep more quickly in 20 month old heifers
than in young celves and this was unaffected by pregnancy.

However a lowered resistance to infection was observed during

lactation (Michel et al, 1979) and it was alsc demonstrated that
age alone and previous experience could cause siguificant
inhibition of an experimental infection., Worms which did not

become inhibited grew more rapidly in calves and lactating

heifers than in empty heifers or those 1n mxd*preznancv.

The obhiject of this ewperinent wod 0 *uve:thntP the

" 3

effect of the age off thz bost on resistance Lo ostertsglasis,

and to see whether orevicug infection with two doses of

50,000 Q.osteriagia L aifectad tha establishiment of a

challenges infection in oldsr cattle.

e
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Experimental Design

8ix Friesian cattle aged between 9 and 15 months were
divided by weight into two Greups, ! and 2, A third Group
consisted of two worm-—free Friesian calves aged 5 months {Group
3).

Animals in Group 1l were given two oral imoculations of
50,000 0, ostertagi Ly 28 days apart. Tweunty-one days after the
second dose of larvae all eight experimental animals were treated
with fenbendazole and eight days later challenged with 160,000
0. ostertagi L,, All animals were necropsied 21 days after

challenge,

Observations

Animals were examined daily throughout. Faeces and serum
samples were obtained twice weekly at which time zcnimals were
weighed. At mecropsy the abomasa were processed as deseribed
previously: abomasal worm burdens and pH were recorded. A
representative sample of 100 worms from each animal were mounted
and measured and the egg numbers in the female worms were

recorded.

Statistical Methods
Data were analysed using one-way analysis of varience. 1In
the event of a sigrificant differemce { p <« 0.05) further

analyses were undertaken using the two sample t-test.
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Reéules

The average weight of animale in each group increased
tbroughout the experiment (Appendix la) and none of the animals
became clinically ill altbough the two smaller calves of Group 3

passed soft faeces on the two days prior to necropsy.

Egg Counts

‘ 'Individual faecal egg counts are showe in Appendix 1b. In
Group 1, low faecal egg counts were recorded from two animals on
day 9 and one animal on day 13 after the first inoculation of
50,000 0. ostertagi Lj. From day 22-43 after the first
infection, positive counts were recerded from all three animals
but individual counts never rose above 300 epg and returned to
zero two days after fenbendazole treatment, Egg counts remained
negative in all groups after challenmge until the day before
necropsy when low positive counts werg recorded from Croups 2 and

3, Group 1 remaining negative,

Worm Burdens

The 0O, ostertagi worm counts for the individual animals are
shown-in Table la.

Small numbers of immature worms were preseunt izn the abomasa
of both the older groups of arimals, There were no immature
stages found in the calves of Group 3. The mean worm burdens of
all three groups were not significantly different and represented
33,3%, 37,5% and 42,87 of the challenge dose in Groups 1, 2 and 3

respectively.
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Table la

Post mortem worrt burdeng in threse groups of animals 21 days

after challenge with 100,000 0. ostextagi li.

Group Animal Fourth Fourth
- No. Larval Houit Adults Total
Stage

Group 1 21 800 0 23,600 24,400
37 0 200 39,000 39,200
55 0 3000 33,200 36,200

;;;n B 33,267

Group 2 56 0 0 38,400 38,400
57 400 2600 38,800 41,800
59 0 3200 29,000 322,200

Mean - 37,467

Group 3 38 0 0 44,400 44,500

39 0 0 41,200 41,200
Mean 52,800

Group 1 9-15 month-o0ld animals previously infected with two

doses ¢f 50,000 0. ostertagi Ly and subsegquently

treated with fenbendazole,

Group 2 9-15 month~old animals maintained parasite naive.

Group 3 5 month-old animals wainteined parasite naive.




Analysis of Varience

Source of variation df 88 MS ¥
Anmong groups 2 10934.,1 5467.05 1.56
Within groups 5 17483.4  3498.68

Total 7 28427.5

Fp.20(2,5) = 2.3

df ~ degrees of freedom

58 ~ sum of squares
MS - mean of squares
F - Variance ratio

Conclusion: There is not a sigpnificant added variance componernt

among groups for the number of worms recoverad at post mortem.
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Worm Lengths

The percentage distribution of worms according to length axe
shown in Figs.la, lb and lc., A tadble of the percentage
dist?ibution is given in Appendix lc and 1d, The range of worm
lengths in the Group 1 animals was wmuch greater than in either of
the other groups and in all three of these animals there were
females 1ess than 0,45 cm long and males less than 0.40 ¢m long.
There were few females more than 0.75 cm long and a few males
more than 0.60 cm loug.

The Group 2 animals bad a closer distribution, none of the
females vere less than 0.45 ¢m long and nene of the malos were
less than 0.4 cm long. Small numbers of females more than 0,75
em were found and there were considerable numbers of males more
than (.60 cm 1ong..

The female worms in the Group 3 animals were all greater
than 6.55 cm long and more than 35% of these ware greater than
0.75 cm long. The males were all more than 8,45 cm lomg,

although relatively few were more than 0,65 cm long.

Eggs in Female Worms

| The number of eggs in the uteri of all the female worms
mounted for measurement were estimated, Mean numbers of eggs in
the worms of indivdiual animals are shown im Table 1b. Lower
mean egg numbers were present in the worms from the Group 1
animals {3.02) than the CGroup 2 animals (6.37) while the worms
from the Group 3 animals had more eggs (14.33) -than either of the

other groups,
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Fig. la Percentage distribution of worms according to length
after challenge with 100,000 Q. ostextagi Lq

Group 1: 9-15 month old animals previously infected
with two dosss of 50,000 O, ostertagi and
subsequently treated with fenbendazole.
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Group 2: 9~15 month old animals maintained
parasite-naive
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after challenge with 100,000 0. ostertagi Lq

Group 3: 5 month old animals maintained parasite—
naive
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Table 1b

Mean number of discernable eggs within the uteri of the female
wormse from three groups of animals 21 days after challenge with

100,000 0, pstertazi Ls.

Group Animal No. Kean KHo. of eggs per
: female worm

Group 1 21 0.15
37 5.29
35 3.63
Mean o - 3.02 o o
Group 2 56 6.37
57 6.53
59 5,20
Mean B 6.37
Group 3 38 : 10.41
3§ 18.25
Mean 14,33

Group 1 9-15 month-old animals previocusly infected with two
doses of 50,000 0. ostertagi L, and subsequently
treated with fenbendazole.

Group 2 9-15 month-old animals maintained parasite naive,

Group 3 5 month-old calves maintained parasite naive.




Anzlysis of Variance

Source of variation daf
Among groups 2
Within groups 5
Total 7

Fo.05(2,5) = 3

62

33 MS ?
156.01 78.01 8,76
44,55 8.91

200,56

8 F0.01(2’5> = 13.3

Conclusion: There is a significant (p<{0.05) added variance

component among groups for the number of eggs in the uteri of the

female worms. Further analy

sample t-test,
Batween groups 1 and 2 t=
groups 1 and 3 t=

groups 2 and 3 t=

ses were undertaken using the two

1.37430 Not significant
4.15640 p<0.901

2,9272 p<0.,05
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Abomasal pH

The individual pH values of abomasal fluid at mecropsy are
shown in Table lc.

The abomasal pH at necropsy was significantly raised im the
three animals of Group 1, normal in the animals of Group 2, and

elevated in the two control calves.

Table lc

Individual pH vglues of abomasal fluid at necropsy in three
groups of animals 21 days after challenge with 100,000

0. ostertagi Ls.

At 4 B B Wi o S it B ——— A P e s e

Group Animal No, Abomasal pH
Group 1 —21 S.é”

37 4.2

55 3.5
Group 2 56 2.1

57 2.4

59 2.6
Group 3 38 i 3.4

39 4,2

Group 1 9~15 month~old animals previously infected with two
doses of 50,000 0. ostertagi Lg and subsequently
treated with fenbendazole.

Group 2 9~15 month-old z2nimzls maintained parasite naive,

Group 3 5 month-old animals maintained parasite naive,
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Analyeis of Variance

Source of Variation df 88 M8 F
Among groups 2 7.55 3,78 17.18
Within groups 5 1.10 0.22
Total 7 8.65

Fo.01¢2,5) = 13:3  Fg 001¢2,5) = 371

Conclusion: There is a significant (p<C0.0l) added variance
eomponent among groups for pH values at post mortem. Further

analyses were undertaken using the two sample t-~test,

Between groups 1 and 2 t= 3,84 p<<0.02
groups 1 and 3 t= 2.26 not siznificant

groups 2 and 3 t= 5,65 p<<0.01
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Serum Pepsinogen lLevels

Individual serum pepsinééen levels are given in Appendix le,
Mean serum pepsinogen levels rese to a peak of 4.0 1.U, in Group
1 twenty one days after the second larval inoculation but levels
quickly fell to around 1.5 i.U. after the fenbendazole treatment.
Mean pepsinogen levels rose to 1,8, 2,0 and 4.2 i.U, in Groupe 1,

2 and 3 respectively on day 21 after the challenge inoculation.

Discussion

The very low positive faecal egg counts in animals 21 zand 37
from.éroup 1 on day 9 after infection suggests that deapite the
efforts made to maintain these animals worm f£ree, they had in
fact picked uvup a2 low worm burden prior toe their first
experimental exposure. A number of observatious can however be
made from the results. Firstly in 2il three groups worms beacame

fference in the

T4

established and there was no significant d
numbers established in older animals, whether previously infected
with tvo doses of 50,000 0. ostertagi L, or not. Hor did these
differ significantly from the numbers of worms which established
in the control calves. It is however interesting that the lowest
wormr burden recovered was from the largest of the previously
infected animals (Ne.21). It may be therefere that age could
counfer some natural immunity against Q. ostertagi but that such
immunity had not yet developed in the animals used in this
experiment. Alternatively it is possible that clder animals
attain an acquired resistance more rapidly than younger animals

but that the double dose of 50,000 0. ostertagi L, was not quite

sufficient to induce immunity even in this age of animal.
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A further'point, apparent from the worm burdens, ig that
only a very small proporition of the tetal population remained as
fourth stage larvae and inbhibition of development demonstrated by
Michel et al (1979} in 20 month old cattle was not observed in
these avnimals,

The major differsances between the three groups of animals
were apparent on examination of the worm lengths and the number
of eggs in the uteri of female worms, From this dzta, age and
previous exposure were shown to affect the length and apparent
fecundity of the worms. All the worms im the coantrol calves
{Group 3) were larger than 0.45 cm 2nd @ much larger proportion
of the population of worms in the Group 1 animalg was less than
0.45 cm compared with the Grouwp 2 apnimals. There ware
significantly fewer eggs in the uwteri of female worms from both
older groups of animals than from the younger calves. HKowever
previouns exposure of the older animals did not result in a
significant reduction in fecundity whep compared to parasite-
naive animals of the same zge given the same challenge.

It is interesting that the Group 2 animzls which wers 9-15
months old and maintained parasite-maive until c¢hallenge had
significantly lower abomasal pH at post mortem then either of the
other groups aud it may be that becauvse of the retarded
development of worms in this group they had not reached emergent
stages by day 21 post infection in sufficient numbexs to cause
parietal cell damage and elevated pBE. If this were the case then
the elevated pH observed in the Group 1 animals ik which the worm
burdens were also retarded could have been a2 consequeunce of the

previcus infections with Ostertagia larvae,
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It would appear from this study therefore that the age of an
animal can influence the development of a worm population, in the
older amimals of Group 2 worms were retarded both in length and
egg production compared with the Group 3 calves. Also in the
older cattle of Group 1 a double exposure inoculation of 50,000
0. osterxtagi Ly was sufficient to produce a greater degree of
retardation in a challenge burden compared with animals of a
similar age (Group 2) but parasite naive. These results agree
with those of Armour (1967) who demonstrated a retardation of
maturation of parasites after their final moult in worm—-free
animals aged two and a half years old and Smith and Archibald
(1968) who demonstrated stunting of worms and inhibition of egg
production in worm-free animals 15 months-old after exposure to
natural infection, Markedly lower worm burdens, as demonstrated
by Smith (1970) in 15 month-old animals were not characteristic
of the animals in this experiment. Herlich (1960) observed no
noticable size difference between worms recovered from calves and
adult cattle, but did suggest that age conferred greater
resistance to the debilitating effects of gastrointestinal
nematodes. More recently Herlich (1980) has demonstrated that
cattle from 2 to 24 months old were equally susceptible to
infection and reinfection with 0, ostertagi in so far as
establishment of worms is concermed but the 24 month old cattle
were able to withstand the pathogenic effects of the parasites.

It may be therefore that the morphological changes observed
in parasites from adult cattle occur concurrently with changes in

pathogenicity, accounting for reduced debilitating effects.
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Certainly the reduced egg production by parasgites in these
animals must be considered where faecal egg counts are used in
diagnosis and where pasture coutamination is being related to the

epidemiology of ostertagiasis,
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EXPERIMERT 2

A study of the potential immunisation of calves against

D, pstertagi using an intergeneric species 0, leptospicularis.

Introduction

The development of immunity to 0. ostertzgi nas been shown
to require prolonged exposure to the parasite both under matural
(Rose and Dow, 1965a) and experimental (Michel et al, 1973}
conditions. It is not surprising therefore that attempts to
‘immunise against this parasite using live larvae have met with
little success {Ross, 1963; Ross and Dow, 1964; Anderson, Armeour,
Jarrett, Jenninge, Ritchie and Urquhart, 1967 ). ﬁErlich (1976)
did however demounstrate a lower rate of establishment and
morphological changes in the worms resulting from challenge,
after imnunisation with different larval regimens, although the
challenge resulted in similar pathological changes in both
immunised and non-immmunised calves.: Similar poor results have
been obtained in attempts to immunise calves with intraperitoceal
injections of larvae and intravenous and intraperitoneal
injections of exoantigens, derived from mediaz used to grow
Ostertagia in vitro (Herlich and Douvres, 1979).

Attempts to immunise against a number of other parasites
have been more successful and vaccines have been developed
égaiust the tissue migrating nematodes Q;Hxiyigaris (Jarrett,
Jennings, McIntyre, Mulligan, Sharp and Urquhart, 1959) and
A, canioum (Miller, 1978a)., It has been suggested that the

intimate exposure to the host’s reticuloendothelial system is
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responeible for the strovng acquired immunity in these syetems
(Miller, 1978b).

There have also been attempts t0 ilmmunise against parasitic
nematodes using closely related and unrelated species, For

example, vaccination of sheep with Y. colubriformis gave §1%

protection against challenge with Trichostrongvlus wvitrinus. Neo

protection was achieved against a challenge of the genetically
unrelated parasite N, spathiger but eimultaneous challenge of
vaccipated cheep with T, colubriformis anmd N. spathiger produced
98~100% proteciion against both parasites (Dineen, Gregg, Windom,
Donald and Kelly, 1977). These results suggest that the final
effector mechanism for nematode expulsion is mot immunologically
specific, but that a specific antigenic trigger is required to
provokes an appropriate respounse, Cross—protection has beeo
demonstrated for several other nematode specles. Intake of
H, contortus larvae inm naturally infected sheep has been shown to
induce the self cure reaction not only to H, contortus but alsc

to 0. circumcincta and Tricheostrongyius axei infections (Stewart,

1955). Also simultaneous experimental infectioms of H, contortus

and 0, circumeincta have been shown to reduce the numbers of hoth

species becoming established amd concurvent infecticn with

T, axei and either H, contortus or Q. circumcincta has been shown

to be detrimental to the establishment of Hzemonchus or
Ostertagia, but mnot to T, axel (Turner, Rates and Wilson, 1962),
Immunisation with different strains of a species has been
studied, for example using a parasite adapted to a different
host, Partial immunity has been induced in sheep using isolates

of Haemonchus from the pronghoran antelope. It was found that the
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antelope strain produced 2 lesser degree of anaemia in sheep but
stimulated an immune reepouse comparable to that produced by the
sheep strain (Allen, Samson and Wilson, 1970),

Although Q. ostertagi is considered to be the most important
and most frequently identified abomasal nematode of cattle in the
United Kingdom (Michel, 1976; Armour, 1380}, recently it has been
identified together with &an intergeneric species
Q. leptospicularis (A7 Saqur, Armour, Bairden, Dunn znd Jennings,
1980) in outbreaks of disease. Subsequenk experimental studies

showed that an isolate containing 30% O. leptospicularis and 707

0. ostertagi was highly infective and produced severe
pathological changes (Al Saqur, Armour, Bairden, ﬁunn, Jeunings
and Murray, 1982), Significantly, mature femals worms and eggs
were found in the gastric glande and eggs were present in the
surrounding lamimna propria, in the submucosa and in submucosal
lymphatics, Lesions were accompanied by diffuse infiltration of
mononuclear cells, predominantly plasma cells, notably in the
upper part of the lamina propria. Because of the proximity of

Q. leptospicularis to components of the host reticuloendothelial

system it wasg considered possible that this pavasite might be
more potent than 0O, ostertagi in stimulating an immune response,
Accordingly, an experiment was designed to attempt to immunise
calves against 0, ostertagi using the related species

0. leptospicularis.
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Experimental Design (Table 2a).

Fourteen Friesian calves were reared parasite free from
birth, When five months old they were divided into three groups
of four (Groups 1-3) and one group of two calves (Group 4).

Group 1 were inoculated orally with two doses of 50,000

0, leptospicularis L3, Group 2 were inoculated twice with 50,000
0. ostertagi L4 while Group 3 received two doses which consisted

of a2 mixture of 25,000 0, leptospicularis Ly and 25,000

0, ostertagl Ly; twenty seven days separated the larval doses.
Twenty-one days after the second larval inoculation all of the
calves, including the two contrel calves {Group 4), were treated
with fenbendazole orally and, eight days later, éhallenged with
100,000 0., ostertagi La. All of the calves ware necropsied 21
days aftexr challenge.

Animals were examined closely throughout the experiment.
Faeces and serum samples were collected and animals were weighed
twice weekly., At autopsy the abomasa were processed as described
previously and abomasal worm burdens, mucosal weights and pH

estimated.

Results

Clinical Observatioms

Three calves from Group 2 and ome calf from Group 1
developed severe pneumonia during the experiment and despite
treatment the condition of two animals in Group 2 necessitated
their earl? euthanasia. Otherwise animals remaiced bright and

healthy, although all the calves passed soft faeces on the two




73

Asdpiosy -~  +

(By/Bw ¢*1) sTOZERpLBQUE] - 784

H@mmnmumo.mﬂmwuumwmo - 07

sTIBTNOTAs0203T BIb21I935] - 170

+ ©°0 000°O00L 784 - - Z 7 ©noan
+  ©°p 000faol 794 T°G 00D'sz  T'O 00O%sZ

0'0 000°6Z  ©°0 000'SZ P ¢ dnoipy

+ 0°Q Qoo CoL 794 ©°0 000°0¢  ©°0 0O0‘0¢ ¥ Z dnean

+ ©0'0 00G‘00L 79: 1'0 0009  1°0 000‘0¢ ) | dnoxg

Asdoaoap  ebuaTTey) quawieal;  UOTIBTNOOUT  UOTIBTNOOUT | SOATED JC ‘ON

puodag 183T 4

12 ¢ o a g-a £Z -G 95 -G ABQ

1BimomTIBARY
I8¥329350 0 IsuTede sDATEY JO uOTIBSTunwmT TeTlusicd syl IO Apnis y

*ulIsag

~ SIAB[ROIGSCICH] -0 SIT»94s OT1I2udFISIUT TUE SUISH

v7 214%®L




74

days prior to necropsy. The weights of the individual calves are

shown in Appendix 2a,

Faecal Egg Counts

Hean faecal egg counts for each group are shown in Fig.2a
aﬁd individual values are given in Appendix 2b,

Faecal egg counts were positive in calves of Groups 1, 2 and
3, nineteen days after the firet larval inoculation. Couuts
returned to gzerc after fenbendazole treatment and were poesitive
in calves of all four groups Lwenty days after the challenge

infection,

Post Mortem Worm Burdens

The post mortem worm burdens of individual animals axe shown
in Table 2D, Animals 45 and 48 which were necropsied prematurely
had worm burdens of 20,100 and 40,700 respectively. In all the
other animals the majority of worms were adults. The mean worm
burdens were 41,425 for Group 1, 45,200 for Group 2 (excluding
calves 45 and 48) and 36,400 for Group 3.

The mean worm burden for the two control calves was 42,800,
This represents a range of establishment of the c¢hallenge

infection of 36,4% ~ 45.2%.
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Post moritem worm burdens of calves vaccinated with either

0. leptospicularis (Group 1), 0. ostertagi (Group Z) or a

mixture of 0. leptospicularis and 0. gostertagi {Groun 3)

on day 21 after challenpe with 100,000 0. ostertagi

Animal Fourth fourth
Graoup No. Larval Stage Moult Adults § Total
Grouz 1 41 0 0 44,800 { 44,870
42 1000 600 36,800 | 38,400
43 0 200 34,400 | 34,603
44 200 0 47,700 | 47,%3)
Mean 41,425
Graup 2 46 0 200 43,800 } 44,000
49 200 0 46,200 46,4072
Mean 45,200
Group 3 50 a 0 31,800 | 31,800
52 a 200 34,600 | 34,800
523 0] Q0 37,200 | 37,200
54 0 g 41,800 41,800
Mean 36,400
Group & 38 D 0 44,400 | 44,400
Control
Calves 39 0 0 41,200 | 41,200
Mean 42,830
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Abomaeal pH and Mucosal Weigh; at Necropsy
| The abowmasal pH values of the individual animals at necrospy
are shown in Table 2¢.

The mean pH foi each group was raised and ranged from 3.8 in
the Group 3 animals to 4.8 in the control calver of Group 4, At
necropsy the abomasal mucosa of each animal was weighed.and the
results are shown in Tabla 2c¢., Although the muceosal weight
varied, according to the size of the abomasum, the mean abomasal
mucoszl weight of calves in Groups 1, 2 (excluding calves 45 and
48) and 3 were 211 greater than the mean mucosal weight of the

control calves in Group 4.
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Abomasal pH and abomasal mucesal weight at necropsy ¢f calves

vaccinated with either Q. leptospicwlaris (Group 1), 0. ostertagi

(Group 2) or a mixture of O, leptospicularis and g, ostertagi

(Group 3) on day 21 afrer challemge with 100,000 Q. ostertagi L,

Group Animal ¥No. Abomasal Mucosal abomasal pR
Weight (gm)

Group 1 41 ‘ 76 3.9
42 539 3.8
43 373 4.3
44 440 . 4,5
Group 2— 46 580 T &.0
49 406 5.1
Grouph3 50 K.8.% o 3.9
52 $5b 2.5
53 409 4,2
54 493 4.7
Group 4 N 38 o 353 5.4
Control 39 380 A2
calves

%K.8. - no sample taken
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Serum Pepsinogen Levels

Mean sevum pepsinopen levels for each group are shown in
Fig.2h and individual values are given in Appendin Ze,

The mean pepsinogen levels of calves in Groups 1, 2 and 3
rose from day 15 after the primary infection. There was a
further rise in each of these groups between 13 and 20 days after
the gecond larval dose but pepsinogen levels then fell steeply
following anthelmintic treatment. Pepsinogen levels rose in all

four groups after challenge.

Discussion

From the post mortem worm bupdens it is apgarent that noune
of the immunisation regimens conferred a siguificant degree of
protection againslt the establishment of a subsequent challenge
dose of 0, ostertagi. One point of interest which arcse from
this study concerned the serum pepsinogen levels of the three
groups of calves after the two immunising infections., The
animals which were inoculated twice with @, osiertagi larvae had
a much higher pepsinogen reasponse, up to almost 7.0 1i,¥.,, than

two groups whnich were immunised with either G, leptospicularis or

a combination of 0. ostertagi + 0. leptospicularis. In these the

serum pepsinogen values never Tose above 3.0 i,6. This is
contrary to the findings of Al Saqur et al (1982) who
demonstrated similar pepsinogen changes in three groups of
calves, two of which were infected with different strains c¢f
0. ostertagi and a third was infected with a wmixture of

0, ostertapi and O, leptospicularis,
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General Discussion

Reduced fecundity and stunting of parasite growth may be a
consequence of heost resistance, although reduced fecudity in at
leaet one parasite infection, A. ¢caninum in the dog, has been
attributed to overcrowding in the intestive (Rrupp, 1961).
Modification ©f parasite characteristice have been demonstrated
in calves repeatedly infected with 0. ostertagi by Michel (1963)
wvho concluded that worms which developed from later infoctions
failed to become as fertile and did mnot achieve the same leﬁgth
a2 the worms which developed earlier; ip this study it appeared
that inhibition of ovulation was distinet from stunting 28 it wae
not necessarily the swmaliest wovrms which had the fewest eggs,

Worms have also been shown to adapt as their hosts become

resistant. For example, in N, brasiliensis infections in rats,

egg-laying worms ceased ovulation from about day 12 post

infection (Ogilvie and Jones, 1971) and populations of adult

Strongyloides ratti from rats given a single challenge were
emaller 26 days post challenge than those found on day 11 of

infection (Mogbel and Denham, 1977). Host immunity has been

confirmed as a cause of worm modification in Trichinella spiralis
infection in mice by the transfer of immune mesenteric lymph ncde
cells from infected donor amimals to infected irradiated (400-850
rads) recipient mice. This resulted in reduced fecundity of
T, spiralis without worm expulsion {Wakelin and Wilson, 1980},
In addition, “shrinking” of adult 8. ratti worms without
elimination has been induced in rats which received low numbers

of immune mesenteric lymph node cells (Mogbel and Wakelin, 1981)
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and the passive treznsfer of immune serum has produced stunting of

worms in Nematospiroides dubius infected mice (Dobson, 1982).

The stunting and inhibition of egg laying, manifest in older
cattle whichk do not show resistaunce to the establishment of
O, ostertagi infectior (Smith and Archibald, 1968) has been
confirmed in this study. It also appesars that in adult cattle
two infectioms of 50,000 0. gstertagi L, are sufficient to
stimulate a degree of immunity which is marifest by a reduction
in worm size after challenge although this is insufficient to
cause any marked reduction in worm establishment,

The mechanisms responsible for the development of such
phenomena indicative of resistance remain unknown,; but it appears
that the cellular and humoral immunity demonstrated in many
laboratory host/parasite systems already mentioned with the
transfer of immune mesenteric lymph node cells and immune serum
are also important in the immune response of cattle to

Ostertagia, The more rapid acquisition of immuniiy to
1 ¥

gastrointestinal parasites in older animals has been previously

al {1973} found that

demonstrated in cattle and sheep. Michel et
an acquired resistance to the establishment of worms developed
more rapidly in 20 month o0ld heifers than inm calves and it has

been shown in 10 month old sheep wmade immune to Q. circumcincta

by repeated infection that there is & secondary type response to
challenge consisting of large increases in output of IgA antibody
and IgA blast cells (Smith, Jackson, Jacksom, Dawson and
Burrells, 1981}, When the latter experiment was repeated in
younger lambs {45 months) the animals were found to be less

immune to challenge and their ability te mount this local
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respounse was markedly less well developed (Smith ~ cited Hiller,
1984).
Although the acquisition and development of immunity to

0. ostertagi is more rapid in older cattle, these animals may

also have a greater natural resistance to the pathogenic effects
of the parasites {(Herlich, 1980). Certainly the mean pepsinogen
levels in the control calves of Experiment 1 were more than
double the values of the two groups of oldexr cattle on day 21
after the challenge inoculation aud this would suggest much
greater damage to the wucosal epithelium in the ycunger calves
after cﬁallenge.

In this study the attempt to stimuiate immunity ageinst

0, ostextagi using the related species, 0. leptespicularis proved

unsuccessful. This was disappointing in view of the marked
stimulation of components of the immune system demounstrated by Al

Saqur et 21 (1982) in calves infected with 0. leptospicularis.

In retrospect it would have becen interesting if a further group
of calves bad been available which could have been vaccinated and

challenged with O. leptospicularis to see 1f immunity develops

more gquickly to this particular parasite alone. The low
pepsinogen rTesponse folleoewing immunisation with

0. leptospicnlaris alone and with a mixture of 0, leptospicularis

and 0. ostertagi is contrary to the rise in pepsinogen values

observed by Al Saqur et al (1980) after 0. leptospicularis

infecticn., One probable explanation for this is that there had
been an alteration im the pathogenicity of the laboratory

maintained strain of O, leptospicularis with repeated passage
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through experimental cattle. Ross and Purcell (1856%)

demonstrated 2 2imilar alteration in the pathogenicity of T, axei
_for calves, after several passages through sheep., From recent
experimental work (Maciel, 1984 ~ persoral communication} it

would seem that where a mixed populaticn of O, leptospicularis

and 0. ostertagi are passaged for a number of generations, the
percentage of each isolate changes, and an optimal proportion of
each, for the development of severe pathological lesioms wmay be

recached after several generations.




Section 2

Studies on the pathophysiological changes

associated with Ostertagia costertagi

infection in calves
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IRTRODUCTION

A number of pathological and physiological changes accompany

0. ostertagi infection in cattle, The gross and histological

alterations in the abomasal mucosa have been describedby Ritchie
t al (1666} and include lose of cellular differentiation,

landular hyperplasgsia and, following parasifte emergence,

o0

cytolysie of the muceosal surface. Ultrastructural examination of
the parasitised gastric mucosa has revealed dilated imtercéllular
spaces between epithelial cells with separation of the zonulae
occludentes, which is the likely cause of the enhanced
permeability of the bowel wall to macromolecules (Murray, 1569),
Coincident with the structural alterations, there are various
biochemical changes in the abomzsal fiuid and blood, The
concentration of sodium ions in the abomasal contente increases,
while that of hydrogen, potassiuvm znd chloridez ione decreases,
At the same time there is an increase in plaswma pepsinogen levels
(Jennings et al, 1966),

Pepsinogen is thought to leak into the plasma through the
separated junctional complexes of the damaged epithelium
(Jennings, Armour, RKirkpatrick and Murray, 1967). Evidence for
the leak theory has been provided by the previously mentiounead
ultrastructural studies of Murray (1969) and by Mulligsn et al
(1963) who demonstrated an increased loss of plasmz proteir into
the alimentary tract of animals with clinical ostertagiasis,

Although albumin turnover rate has been shown to decline

between days 14-22 after infection with 0., circumciuncts in sheep,

during this pericd serum pepsinogen remalned elevated and counld




86

not be directly related to continuing plasma leak (Holmes and
Maclean, 1971), Also, plasms pzoteine were found to be reduced
in the abomasal contents of calves infected with 0. cstertagi and
it has been showp that horseradish peroxidase which is considered
to be a suitable marker for pepsinogen on the basis of their
similar molecular weight leaked from the circulation into gastric
contents to a eimilar degree in Infected and non—~infected calves
(Stringfeilow and Madden, 1979).

This work suggested that pepsinogen, secreted by zymogen
cells, was released directly into the circulation rather than
lerked from the abomasal contents through damaged epithelium,
and that it was retainred 1a the circulation 4t high levels
between 22-30 days after infection, sven wher zynmeogsc cells were
denuded of pepsinogen granules.

The elevated abomasal pH noted on day 20 after infection
with O, ostertagi was associated with the rapid replacement of
pavietal cells by undiffereuntiated cells as parasites emexged

”

from the gastric glands (Jennings et =al, 1966). Although
Stringfellow and Madden (1979) identified parietal cells in the
fundus, even at 30 days after infection, they were sparse in the
immediate vicinity of infected gastric glands and carbonic
anhydrase activity was negligible throughout the tissue from day
26 onwards, suggesting that these parietal cells were ipactive.
From experiments in rats where an injected extract of
homogenised Q. ostertagi has been shown to elevate the pH of
gastric secretion, it has been suggested that fﬁe hypochlcrhydria

found during ostertagiasis may be mediated partially by a

chemical released from the parasite {Eiler, Baber, Lyke and
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S8choltens, 1981)., A possible chemical mediator has also been
gsuggested for the gastric dysfunction observed in sheep infected

with the intestinal nematode T, colubriformis (Barker and

Titchen, 1982). During the course of I, colubriformis infectionm,

parietal cellsglost prominence, had ultrastructural features of
inactivity, and abomasal acidification was reduced. A gastric
inhibitory £factor was considered to be released from the
parasitized small intestime and it was suggested that the
observed changes could be explained by interactions of
gastrointestinal hormones.

The interactione of parasite factors and hormones have beesn

studied in sheep infected with 0. circumcincta (H;Leay, Andersomn,
Bingley and Titchen, 1973), Shesp surgically prepared with
separated fundic pouches were orally infected with
0. eircumcineta. An increased volume of secretion and increased
acid output was obtained from the pouch four days after infection
and parietal cells of the powch had the appearancs
ultrastructurally of cells subjected tec strong secreteory stimuli,
Coincident with pouch changes, acid secretion from the infected
part of the abomasum decreased and parietal cells had features of
inactivity. Two different mechanisms were thought to be
operating. First, a factor released locally from the parasites
was considered responsible for inhibition of parietal cell
function and second, it was suggested that increased levels of
circulating gastrin might account for the increased secretion of
BCl from the pouches,

Anderson, Blake and Titchen (1976) have since shown that




88

previously infected sheep maintain the capacity to acidify their
abomasal contents after infection and they speculated that
eitber an immunoglobulin produced locally as a result of repeated
infection inactivates the inhibiting factor, or that the worms
had adapted to the immune environment and were no lounger capable
of producing the inhibiting factar.

Elevated serum levels of the gastrointestinal hormone
gastrin have been confirmed by immunosssay in sheep jnfected with

0. circumcincta (Anderson, Bansky and Titchen, 1975). Gastrin

levels rose most rapidly from 11-20 days after infection and
reached peak values between days 20-35., The rise in gastrin
appeared to occur slightly in advance of the elevation of
abomasal pH and did not therefore appear to be initiated by the
reduced acidity of abomasal contents. The distribution of cells
in the sheep digestive tract having immunoreactivity to gastrin
antiserum has been demonstrated by Bunnett and Harrison (1979).
These cells occurred throughout the mucosa of the abomasal antrum
and pylorué and on the basis of their distribution were assumed
to be gastrin secretory cells, The fact that fundic pouch
hypersecretion was not observed in sheep infected with

0. cireumcincta after suvrgical removal of the sbomasal anirum,

further suggests that the hypergastrinaemia is of antral origin
(Anderson et al, 1975),

Endocrine changes have been implicated in the
pathophysiclogy of a number of other parasitic infectioms. For

example, wmale lambs are more susceptible than females to

Oesophagostomum columbianum but gonadectomy of the females

removes the difference by increasing their susceptibility to the
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parasite (Dobson, 1964). These worms have alsc been shown to
survive better in thyrovidectomised iambs (Dobson, 1964),

T, colubriformis infected sheep have markedly elevated

corticosteroid levels and reduced thyroxine levels which could
be expected to have a catabolic effect on muscle protein and to
depress wool production {Ferguson, Wallace and Lindner, 1960),
It has also been suggested that incressed corticosteroid levels
could lower the animals immunity, thus preventing expulsion of
the parasites (Prichard, Hennessy and Griffiths, 1974),

Endocrine and paracrine secretions from specialised cells of
the gastrointestinal tract have profound effects on their
immediate enviroument and may have mote general regulatory rtoles.
Secretion, motility and sbsorptiocom within the zut are all
influenced by gastrointestinal peptide hermones, In addition
they may exert trophic effects necessary for the maintainance of
mnucosal mass and may influence the regulation of food intake
{(Glass, 1980), Plasma gastrin has been shown to become elevatad
not only during infection with the abomasal parasite

0. circumcincta (Andersom et al, 1975) bul also in two intestinal

parasitismsg, Strongyloides ransomi in the pig {Emigk and Dey

Hazra, 1978) and T. spiralis in the xat {(Castro, Copeland,
Dudrick and Johnson, 1976)., The mechanism by which gastrin
becomes elevated in enteric parasitisw is unknown, although

comparison of T, spiralis and Hymenolepis dimiputs infection led

Castro et al (1976} to suggest that invasiveness of the parasite

may be an important factor as serum gastrin only rose ip the

T, spiralis infection. Hypergastrinaemia has also been




demonstrated in rats infected with the intermediate stage of the

cat tapeworm Taenia taenizeformis {Oysticercus fasciolaris) which

occurs in the rat liver, Gastrin levels become markedly elevated
only after about 50 days of infection and it may be that
hypergastrinaemia in the case of €. fasciolaris is a product of a
compromised hepatic metabolism (Cook, Williams and Lichtenberger,
1981),

Other gut bormones which may be altered during parasitisms
include secretin, which appears to be decreased during the
intestinal phase of T. spiralis in dogs (Dembinski, Johnson and
Castro, 1979) and somatostatin which becomes increased in sheep

experinwentally infected with I, colubyiformis (Symons and

Titchen, cited; Titchen, 1982). Plasma concentraticn of
cholecystokinin (CCK) bhave also been shown to rise im sheep

infected with 1. colubriformis, the rise coinciding with a fall

in food consumption, Reduced food consumption was demonstrated
in uninfected sheep after intravenous infusion of CCK and it was
concluded that the anorexia associated with some intestinsl
nematode infections could be mediated by higher concentrations of
CCK {Symons and Hennessy, 1981)

Obviously endocrine respomses cf the host to infectiom with
more than one parasite species may resulb in ecmplex hormonal
interactions. For example, in a2 lamb with a separated fundic

povch given dual larval infections of 0. circumcincta per os, and

T. colubriformis by enterotomy (Barker and Titchem, 1982) the

acidity and volume of secretion from the'poﬁéh was depressed,

characteristic of T, colubriformis infection rather than the

bhypersecretion typical of 0. circumeincta infection, It was
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suggested that hormones originating from the parasitised small
intestire might block gastrin induced hypersecreticn, or abnormal
amounts of analogous hormone wmight directly inhibit this
secretion (Barker and Titchen, 1982).

The endocrine status of the host iz undoubtedly affected by
parasitism but whether many of the observed changes are to the
host“s benefit or detriment remain to be establizsbed, also the
exact pathophysiological responses to known hormonal changes
require investigation.

The work presented here hkas been cavrried out to study the
biochemical and hormonal c¢hanges which occur in the host as a
result of infection with larval and adult Q, ostexrtagi and te

compare these changes in naive and previously exposed animals.
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EXPERIMENT 3

Observaticns on serum pepsinogen and serum gastrin levels in

calves infected with 0, ostertagi larvae

Introduction
Serum pepsinogen levels are known fo rise in bovine

t a1, 1964)., Although elevated

—

ostertagiasis (Anderson
pepsinogen valuegs have bheen used for wany years as a dizgnostic
parameter for the disease there is still dispute over the
mechanism responsible for the rise. Since serum gastrin has been

shown to rise in sheep infected with 0, circumcincta {(Anderson et

al, 1975) and as gastrin is a known stimulator éf zymogen cell
secretion (Emas and Grossman, 1967) it was suggested that
elevated gastrin could play a role in the pepsinogen rasponse to
bovine ostertagiasis. This experiment was designed therefore to
follow the sequential changes in serum pepsinogen and serum
gastrin in previously worm free calves following a single

experimental infection of 0O, osterxtagi (Table 3a).
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Table 3a

Observatiocns on serum pepsinogen and gerum gastrin levels in

calves infected with O, osrertagi larvae ~ Experimerntal Design

Group Ko, of Infection
animals Day O D0 ~ D3C
1 5 . Heekly fascal samples
and
2 5 50,000 Twice weekly serum
0, ostertagi samples
Larvae

Faecal Egg Counts
Faecal egg counts for individus! animals are given in
Appendix 3a. These remained uegative in Group 1 but all animzls

in Group 2 had low positive counts from day 21 onwards.

Serum Pepsiﬁogen Values

The mean pepsinogen levels for both groups are shown in
Figure 32 and individual wvalues are given in Appendix 3b.

Mean pepsinogen levels in Group 1 did not rise above 1.0
i.U. Tyrosine throughout the experiment. Levels recorded from
the caives in Group 2 were slightly elevated on day 6, however a
marked rise was not apparent until day 16, Between dayes 16 and
23, mean pepsinogen valves rose dramatically to a peak of almest
6.0 i.U, Tyrosine and remained at about this level until the end

of the experiment,
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Serum Gastrin Levels
Meanr serum gastrin levels for both groups are shown in
Figure 3b and the individual wvalues are given in Appendix 3c.
Mean serum gastrin levels in Group 1 remained below 200
pe/ml throughout the experiment while these of Group 2 rose above
200 pg/ml en day 20 and reachsd a peak of 552 pg/ml 27 days after

infection.

Discussion

The results of this study indicate that serum gastrin levels
do become elevated in experimental infections pf calves with
C, ostertagi; the gastrin response occurred after day 13 and
veached pezk levels on day 27, Serum pepsinogen levels rose most
steeply between days 16 and 23. Although the changes in both of
these parameters occurred at spproximately the same time, that is
at the time when fifth stage larvae were likely tobe cmerging
from the gastric glands, very much more detailed jnvestigation is
necessary before gastrin can be implicated as a factor involived
in the development of the elevated pepsinogen levels of

ostertagiasis.
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EXPERTMERT &

Observations om serum pepsinogen levels in response to

traunzplanted adult 0, cstertagi in calves.

Introduction

The major biochemical changes asscciated with 9. ostertagi
occur aftex the fifteenth day of a primary iafection. For
exemple, abomasal pH and serum pepsinogen walues reach peak
levels from day 22 onwards and may remain elevated for a further
40 days (Jennings et al, 1966), Although the major
histopathological changes of the diseass have been attributed to
the emergence of £ifth stage larvae from the gastric glands, the
long duration of altered biochemical values would suggest that
adult parasites contribnte to the disease syndzome,

The objective of this experiment was to stndy the rele of
the adult parasite in the pathogenesis cof ostertagiasis, The
histopathological and serum pepsinggen changes wevre studied after
the implantation of adult parasites in previously naive calves.
Adult parasites were also implanted in the abomasa of calves
which had been previously infected with Q, ostertagi larvae and
then treated with anthelmintic, where the abomasal environmenat

would more closely resemble that in 2 natural infeectiom.

Experimental Design
The design of the experimant is given in Table ta. Twelve
four mooth~old male calves were divided into three groups of four

calves, Group 1 consisted of donor calves which were given a
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single dose of 300,000 D, ostertagi Ls, CGroup 2 were siaintained
parasite free and Srouy 3 each received 10,000 0. ostertapi L,
every second day for 20 days.

The Group 3 calves were treated with levamiscole on day 21
and together with Group 2 calves prepared for laparotomy apéd
transfer of adult O, ostertagi obtained from the donors.

Denor animals from Group 1 were killed 23-25 days after
infection and their adult parasite worm burden implanted
surgically into the abomasa of Group 2 2nd Croup 3 calves, The
contents of each donor calf were split equzlly and transferred
immediately to two recipients, one from the naive group and one
from the previously exposed group., The time required to perform
surgery necessitated carrying out the transplants over 2 days.

After transfer, one calf from each of the recipient groups
wag killed at 4, 11, 17 and 21 days aund total worm burdens
estimated, Throughout the experiment faecal egg counts and serum

pepsinogen levels were recorded.

Results

Faecal kgg Counts

Faecal egg counts for individuasl animals are given in
Appendix 4a.. Sampleg remained negative in Group 2 until
transplant, With the exception of number 52, these became
positive on day 1 and remained so until they were killed. Eggs
were at mo time detected from faecal samples of calf number 52,

Group 3 faecal egg counts fell to zerc after levamiscle treatment
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and rose agaiu one day aiter transplant. These animals continpued

to pass eggs until the end of the experiment,

Post Mortem Worm Burdens

Poat mortem worm burdens are shown in Table 4h, The mean
worm burdens recovered from the previously infected reciplents,
Group 3, were very much greater than from the naive recipients
Group 2. Larval stageg were only recovered from one previously
infected animal (No. 57) which had 1600 fourth stage and 2100

early fifth stage O, ostertapi in its abomasum,




Abomaszal

pH

inl

Table 4b

and post mortem worm burdens

after

transplantation of adult O, ostertagi into parasite-naive and

previously infected recipients.

Group 2 Naive Recipients
Day of Kiil Calf Ho. Total ¢, ostertagi Lbomzsal pH
4 50 2600 4.3
11 56 6000 4.6
17 55 1100 3.5
2] 52 0 2.65
Group 3 Previously infected recipients
Day of Kill Calf No. Total Q. ostertegi Abomagal pH
4 57 17900 3.1
11 59 16700 5.2
17 42 25100 5.4
21 43 17360 4.4
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Pathology

Group 2

On gross examination of number 52 the abomasal mucosa had a
normal appearance. In the other three calves of the previously
naive group, abomasal damage wae present,

Hyperplasia of the mucosa was evident and large thumbprint
lesions were seen in both fundus and pylorus (Fig, 4a); between
the fundic folds small nodules were apparent, some of which had

depressed centres,

Group 3
At post mortem examination, the abomasal mucosa of all
previously infected calves showed obvious pathological changes

typical of ostertagiasis (Fig.4b).

Abomasal pH
Abomasal pH values at post mortem are shown in Table 4b.
The abomasal pH was greater than 3.0 in all animals except No.

52,

Pepsinogen Levels

Meanr serum pepsinogens are shown in Fig.,4c¢., Individual
values are given from the day of transplant in Appendix 4b, In
the Group 2 znimals, pepsinogen levels remained within the
normal range until after transplant when levels rose in all
animals except No. 52, Mean pepsinogens in Group 2 rose to 2.5
iU, Tyrosine five days after transplant and remained above 1.5

i, 0. until day 11, 1In Group 3 which were previously exposed,




Fig. 4a '"Thumbprint' lesiocn
no. 55 from the nai

Fig. u4b Hyperplastic response, typical of ostertagiasis of the
abomasal mucosa of animal no. 43 from the previously
infected group (Group 3).
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the pepsinogen levels averaged 3,0 1.,U, Tyreoeine at the time of
transplant, These subaequently'roae markedly to above 8,0 i.U,

Tyroeine on day 15 after tranaplantation of the adult worme,

Discussion

Parasites became established in all recipient calves except
No. 52. The reason for the failure of establighment of
transplanted worms in this animal is mnot kunown but it was
fortuitous ip that it served as a surgical control and indicated
that the pathological changes cbserved were not a result of
operative manipulations.

Examipation of the post mortem worm burdens showed that very
many more parasites were present in the Group 3 calves than in
the Croup 2 calves although an approximately similar number of
adult Q. ostertagi worms were traneplanted into paired
individuals of both groups, Tt is possible that some of the
worms present in the CGroup 3 calves originsted from the repeated
infections with 0. ostertagi larvae and had suxvived the
levamisole treatment. This was confirmed by the finding of
immature larvae which could not have originated from tramsplant
in animal No., 57 which was the calf from Group 3 killed 4 days
after transplant.

Even allowing for a 30% establishment of worms derived from
the larval infections there is stin.aponsiderable discrepancy
between the number 0f worms in Groups 2 and 3. The reason for
this is not known but a possible explanation is that the damaged
mucosa in the previously infected recipients of Group 3 provided

a8 better environment for the worms to beccme estshlished.
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However the major object of the experiment was to assess the
pathogenic effacts of adult worms. Transplanted adults in the
raive calves of Group 2 were respousible for gross pathological
chenges in the abomasal mucosa. In addition the serum pepsincogen
levels of these calves increased to 2 peak of 2.5 1.U. Tyrosine
five days after adult worm transplant, Also, despite the larger
number of werme in the previously exposed Group 3 calves, the
rise in serum pepsinogens following transplant wvas
disproportionately high, for exawmple calf No. 42 at 17 days post
transplant had serum pepsinogen levels of nearly 10.0i.U,
Tyrcsine. 1t is interesting that in a field study, Anderson 2t al
{1965) associated natural disease with upwards of 4G,000 adult
parasites and in the same study recorded mean plasma pepsinogen
levels of 2.8 i.U. Tyrosine from calves with clinical Type I

ostertagiasis.
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EXYPERIMENT 5

Further studies on the response to transplanted adult

O, gstertagi in calves

Introduction

This experiment was carried out to confirm the resuits of
the preliminary adult O, pstertagi transplant experiment, More
detailed investigations of the pathological and serum pepsinogen
changes were undertaken and an assay performed to study the
effect of transplanted adult O, ostertagi on serum gastrin

levels.

Experimental Design

The designof the experiment is given in Table 5a, The
source of adult parasites for the transplants were a group of six
calves each infected with 250,000 O. ostertagi Ls. Donor calves
were killed 22-24 days after infection. The abowasum of each
donor calf was opened immediately into a warmed bucket and the
mucosal surface was gently washed under a strzam of warm
phosphate buffered salinme (PBS)., The volume of fluid was
estimated and after gentle agitation a 100 ml sample was taken
for estimation of the totsl donor worm burden., The remaining
contents were divided equally and kept warm until transfer to two
recipient calves., An estimate of the number of worms obtained

from each donor is given in Table 5b..
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Table Sb

Number of adult 9. ostertagi recovered from donor calves given

a single infection of 250,000 0. ostertagi L.

——— e iy ——

Donor Calf Ro, Estimated Adult 0§, cogtertagi

Burdens
R99 24,600
R100 52,3006
B59 9,550
B60 33,300
149 31,450
750 52,300

i o Y i S e g o e o B S Y

Three experimental groups, each of four calves, were treated
as follows,

Group 1 calves were maintazined parasite free until
transplanted with advlt Q. gstertagi.

Grovp 2 were infected with 10,000 Q. ostextagi L, on

alternate days for 21 days then treated with ferbendazole and

transplanted with adult 0. ostertagi seven days later,

Group 3 calves received the same larval infection regimen as
Group Z but were transplanted with adult Q. ostertagi 21 days
after anthelmintic treatment. -

One calf from each of Groups 1, 2 and 3 were killed &, 11,
17 and 21 days after transplant, 4 surgical control group of two
calves (Group 4) was maintsined parasite~naive and received omly

sterile water at laparotomy. A further two calves (Group 5)
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given the same larval infecticn regimen 28 Group 2 and 3 vere
killed 10 days after anthelmintic treatment to assesgs
anthelmintic efficiency., Throughouvt the experiment, fzecal egg
counts and serum pepsinogen levels were recorded, Serum gastrin
levels were measured in the Group 1 calves and in the surgicsl
controls (Group 4), At post mortem abomasal pH and total worm

burdens were estimated and sections were taken for histology.

Raesults

Faecal Egg Counts

Mean faecal egg counis (epg) are shown for Groups 1, 2 and 3
in Fig. 5a and individual counts are given for all the recipient
animels in Appendix 5a, Ostertagia eggs were present in the
feaeces of Groups 1, 2 and 3 immediately after transplant
confirming establisbment of the adult parasites. In Group 1
these increased rapidly and were positive until day 2} after
transplant. A small rise in faecal egg count occurred in the
Group 2 calves towards the end of the period of larval
infections. This fell to zerc after fenbendazole treatment zand
rose again after transplant. roup 3 shewed a similay pezk éfter
exposure to larvae, which fell after anthelmintic therapy and
increased again when the adult parasites established. Samples
from Group 4 remaired negative throughout while those fr0m>group
5 showed a slight rise after larval infection and returned to

zero when given fenbendazole.
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Post Mortem Werm Burdens

individualuorm counts at post mortem are shown in Table 35c.
There was little difference in the wmean numbers of zdult
parasites recovered from the three major groups with the
exception of two animals from Group 2 which bad low post mortem
worm counts., This was probably a reflection on the lov worm
burdens of the donor calf (No. 59) used to provide worms for
trznaplant into these two calves. Low worwm burdens were found at
necropsay of the two anthelmintic contrels confirming the high

gfficiency of fenbendazole (>99%).
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Table 5S¢

Post moertem worm burdens and abowarz) pH of calves transplanted

with adult Q. ostertagi ou Day O,

Group Day of Necropsy Total Abomasal
0. ostertagi pH
1 4 14,800 6.7
Parasite
naive 11 11,000 2.1
recipients
17 12,200 2.8
21 18,300 4,1
2 4 22,300 5.6
Previously
infected i1 17,100 4.1
recipients
17 1,430 2.2
FBZ D~7 21 200 2.0
3 4 8,000 5.1
Previously
infected 11 17,800 2.2
recipients
17 11,000 3.1
FBzZ D-21 21 8,800 2.4
4 21 0 2.0
Surgical
controls 21 0 2.3
5 10 ‘ 1,000 2.4
Anthelmintic

controls 18 . 300 3.1

——ay-
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Pathology
| Grosg examination of the abomasal mucoea of the Group 1
calves revealed small umbilicated nodules scattered over the
fundus (Fig,5b). The previously infected calves (Group 2 and 3)
infection.

Group 4, the surgical controls, had apparently normal
abomasal mucosz while in the treated calves of Group 5,

Dstertagia nodules could still be seen.

Histopathology

in abomasal secticns from fthe calves in Group i, some
dilated gastric glands were evident throughout the lamins propria
and these were lined by columnar cells., Many eosinophils and
lymphocytes could be seen in the inter glandular tissue. In tThe
Group 2 animals similar dilated glands were present which
occasionally contaiped parasites while in sections from animals
from Group 3, the parietal and zymogen cells of the glands were
well differentiated. Surgical control animals had normal
glandular morphology and zlthough some expanded empty glands were
noted in the anthelmintic controls, the tissue between such

glands appeared normal.

Abomasal pH

Individual abomasal pH values at post mortem are shown in
Table 5¢c. The mean abomasal pH values recorded f£rom Groups 1, 2
and 3 were similar, In each of these groups the animal killed om

day 4 bad the most markedly elevated pH,
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Fig. 5b Umbilicated nodules on the abomasal fundus of animal
no. R11 from the previously parasite-naive group
(Group 1).
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Pepsinogene

Serum pepsinogen levels are shown for individuzl aniwmals in
Figs, 5¢ ~ 5f.

Group 1 (Fiz.5c). A sharp rise in serum pepsinogen to about
4 iU, Tyrosine occurred in all aniwmals within 24 hours zafter
transplant ¢f the adult perasgites and these remained elevated
unt il slaughter.

Group 2 (Fig.5d). Serum pepsinogen values inm tvoof these
znimales rose steeply after tvansplant while the other two animals
showed a lesser pepsinogea vespounse, YThe donor animal (BE59)
which acted as the source of parasites for the latter two calves
was Ciscvhoeic prior o tramsplant and when killed, the aboirasum
had markedly diphtheritic lesioms. It was estimatad that only
4000 pavasites were trunsplanted from thie donor inte each
recipient; frow the post murtew worm counts it is obvious that
very fey worms had established,

Group 3 (Fig.5e). These calves showed a similar pattern in
serum pepsinogen levels to those observed in Greup 1.

Group 4 (Fig.5f). In the surgical controls, pepsinogen
levels remained below 0.9 i,0. Tyrosine throughout.

Group 5 (Fig.5f}. In Group 5 a moderate rise in serunm
pepsinogen in response to larval infectioa was folloved by a

return to near normal levels after fenbendazoele trzatment.

Seruvm Gastrin
Hean sesrum gastrin levels for Groups 1 and & are shown in
Fig.5g. Individual gastrin values for animale in these groups

are given in Appendix 5b. There was a rapid rise in serum
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gastrin levels of the naive recipients almest immediately after
transplant of adult worms which was maintained over a period of
10 davs while the levels recovrded from the surgical controls

remained within normal limits.

Discuszion

It ie apparent from these resulta that adult 0., vstertagi
pexr sg can elicit significant pathological chenges in the
abowmasum. Thus serum pepsinogen and gastrin levels yerxe
elevated and.gastric acidity was altered,

Changes were observed following the transplant of adult
which had received previous larval infections subsequently
terminated by anthelmintic treatment. The fact that pepsinngen
levele were increased within 24 hours of trausplanting worms to
the naive calves indicates a peositive role for the mature worm in
initiating & pepsinogen response. This waz a surprising result
since curreﬁt opinion suggests that the elevation iIn pepsinogzen
levels in ostertagiasis is associated with the emergence of 5th
larval stages from the gastric glands at which time the glands
are stretched and dilated and become lined with rapidly dividing
undifferentiated epithelial cells between which pepsinogen is
thought to leak into the blood (Jemnings et al, 1966).

There was little difference in the survival of adult
Ostertagia in parssite maive calves and in those previously
subjected to repeated larval infection prior to snthelmintic
treatment; Furthermore surgery was not responsible for any of

the biochemical or pathological c¢hanges. Parasitic burdens im




previcusly naive aad previously infected groups contrast with the
results of Experiment 4 where very many more parasites were
recovered from the previoualy infected recipient calves than the
previously naive recipient calwves.

The aetiology of the nodular respomnse in the Group 1 calves
remains uvncertain., Although there was some dilation of the
gastric glands with a reduction ir cellular differentiation,
parasites were not seen withim the glands of Group 1.

It is poseible, thevefore, that the hyperplastic response
could be ipitiated by a mechanism other than the paysical
stretching of the glands by growing parasi:esﬂ Hormonal or
inflammatory mediators may be involved and the observed rise in

serum gastrin provides some evidence for hormonal involvement,
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EXPERIMENT 6

Comparison of the local and systemic response to transplanted

adult O, ostertagi in calves prepared with abomasal cannulae.

Introduction

The results of eXperiments & and 5 indicated that adult
D, ostertagi alone could be rvresponsible for considerable
pathophysiological changes in the abomasum of infected calves and
the observed rise in serum gastrin levels suggested that some of
these changes could be hormonally medizted. A further experiment
was therefore carried out tou confizm aund 2xpand these earlier
observations,

Cannulated calves were used so that local changes in the
abomasum could be compared with serum gastrin and pepsinogen
values, This experiment was designed to follow in detail the
sequence of events over the firet 36 hours after adult worms were

implanted and subsequently daily for about 10 days (Table 8&z).
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Table 6a
Couparison of the local and systemic responses to transplanted
adult 0, ostertagi in czlves prepared with abowasal cannulae ~

Experimental Design.

Day D ~35 D -i4 B -7 D 0 ©8eor D13
Group 1 INF, FBZ Cannulation TR +
Group 2 - - Cannulation TR +

INF. 10,0300 0. ostertagi L, om zlternate days for 21 days
PB%Z Intrarumenal 7.5 mg/kg
TR  Tramsplant cof zdult O. vpstertagi

+ Kecropsy

The source of adult parasites for transplantation were a
group of 3 donor calves each infected with 230,000 0. ostertsgi
Ly and killed 23-28 days later, Eight recipient calves were
divided into'two groups of four. Group 1l were infectad with
10,000 0. ostertagi Ls on alternate days for 21 days then treated
with fepbendazole intrarumenally, seven days prior to imsertion
of abomasal cannulae. Group 2 were maintained parasite naive
until they were cannulasted., Seven days after cannulation & kiown
number of adult QOstertagia were introduced to the abomasa of
three calves from each group. The remaining calf from each group
acted as a control being given only sterile water via the
cannula, Blood and fzecal samples, together with samples of
abomasal contents were collected once every twe or three hours

for the first 36 hours after transplant, then twice daily.
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Pepsin and pH eetimations were carried out oa the abomasal fluid.
Abomasal biopsies were taken at regular intervals throughout the

experiment. Calves were killed on day 8 or 13 after tramsplant

and abomasal worm burdens estimated,

Resulte

Clinical Qbzervations

¥Wound breakdown necessitated the early euthanasia of the
uninfected control from Group 2, Otherwise all calves remained
bright until necropsy. The three recipient calves from the
previously infected group {Group 1} passed soft fances for two
days after transplant of the adult parasites; faeces from Lhe
control calf of this group and frowm the cslves of Group 2 were

normal.

Faecal Egg Counts

Individual faecal egg counts are shown in Apperdix Ga.
Ostertagia eggs were present in the faeces of all calves vhich
were transplanted with adult parasites. low faecal egg counts of
50 e.p.g. were recorded from the control calf of tke previously
infected group, indicating that anthelmiuntic treatment had not
been 100% effective; faeces from the utniunfected control amimal

remained negative until necropsy.

Post Mortem Worm Burdens
Post mortem worm burdens are shown 1ia Table 6b. The

estimated worm burdens of the donor calves which were used in the
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o

transplants zre algso shown and the source of worms for each
recipient is indicated,

Worms were recovered from all recipient calves ab necropery,
The control calf from the previously infected group had a low
post mortem worm burden, approximately five percent of which were
fourth stage lazrvae., No worms were recovered from the ceonterol

calf from Group 2.

Gross Pathology

At post wmortem all the abomasa of the Group 1 czlves had
lesions typical of ostertagiasis. Therzs wae no sigﬁificant
difference in the lesions observed in the three transplanted
calves and the control calf in this group., The CGroup 2 calves
had little or no obvious gross pathological changes, although
small areas of mucosal erosion could he seenr in the pylorus of
one animal {No. 71), There were no gross lesions in the Group 2

control calf (No. 68).

Histopathology

Group 1: The three previously infected recipient calves had
similar lesions in the abomasal mucoss. In sections from the
pylorus there were clumps of eosinophils apnd areas of lymphboid
hyperplasia; in some sections dilated, empty glands could be seen
lined by undifferentiated epithelium. In many cases, worms were
present in close asspciation with the mucosa (Fig.6a2) or in the
mucus and debris on the mucosal surface {Fig.6b)., In the fundic

mucosa, empty glands could be seen and there were many lymphoid




Fig. 6a

Fig. 6b

A parasite in close association with the mucosal
surface of calf no. 77 (Group 1). Haematoxylin and
Eosin.

A parasite in the abomasal mucus layer of calf nb. 1
(Group 1). Haematoxylin and Eosin.
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aggregates aund cecosinophils. Bowever there was clear
differentiation of the parietal and zymogen celle and in general
there was an obvious transition frow the columnar wmucus
secreting cells of the crypts through to the pepsioogen and acid
secreting cells of the gland body.

In the Sroup 1 control (No. 73), lymphoid hyperplasia with
eosinophil infiltration was marked and in one section, parasites

could be seen both on the surface and deep in the mucosa,.

Group 2: In sections from two animals (Nos., 71 and 64) which
were maintained parvasites-—naive until transplanted, adult worms
were observed close to the mucosal surface (Fig.ﬁq) and in one of
these a cross~section of a parasite was present within the
mucosal tissue (Fig.6d)., In sectious from the pylorus of omn=s
animal (No. 71) clumps of lymphocytes and eosinephils could be
seen and there were cccaeicnal dilated empty glands, In all
sectiens from the remaining animals of this group, there was good
differentiation of cells within the glands., In the uninfected
control of this group (No. 68) the mucosa had a normal

appearance.

Abomasal pH

| The pH values of the abomasal econtents of individual animals
are shown in ¥Figs.be and 6f, The abeomasal pE of animals in
Group 1 did not rise above 4 at any time after transplant and in
most samples the pd was below 3. The majority of samples from
the Group 2 controls also remained within the normal range

although the pH frow one animal (No. 64) rose to a peak of 4.7,

14 hours after transplant.




Fig. 6¢c An adult parasite in the abomasal lumen animal no.
71 (Group 2). Haematoxylin and Eosin.

Fig. 6d A cross section of a parasite within the abomasal
mucosa of animal no. 64 (Group 2). Haematoxylin
and Eosin.




SaN0Y O 3 SPNTSRIRC S1NPR U3 1M usTjejueTdSURJg

03 J0Tad 2YCTEPUIQUSS UGTH POJBAI PUR ORAGE] RIHB3I9780 UITH P08 JUT

Arsnotaaad aasn yoTum ‘T dnogn JO STEWTUBR TeNPTATPUT JO sanrea Hd Tesewoge ayg 2g ‘81
sSAoQ SJNOH
8 9 7 08 07 0C 0Z 01
\ ! ] 1 1 : i !
£

i32

Hd TVYSVYIWOEY




*$IN0Y @ 3I®
$23T8BXBd ITNPT YITA uworlvzusidsusi] (T3un 32I3 eyTsvawd paUTEIUTEHW
2x@x YOTHA 7 dN0dH JO ${PWIUE TRTPTATIPOT Jo sodniea pgd Tesewoge ayy g 214

sAoQ SN0
8 S ki 83 474 Ot

| ] 1 5 ) |

-

133

Hd  TVYSYNOgY




134

Abomasal Pepsin

The mean abomasal pepsin values of the three recipient
calves of each group are shown in Fig,6g with individuval values
in Appendix 6b,

There was considerable individual variation in abomasal
pepsin levels throughout, although the mean level for Group 1,
which were the previously infected recipients, was always higher

than that of the naive recipients of Group 2,

Serum Pepsinogen Levels
Individual serum pepsinogen values for Group 1 animals are

shown in Fig.6h and for Group 2 animals in Fig.6i.

Group 1l: The serum pepsinogen levels of the calves in the
previously infected group all rose after transplant of the adult
paragites. The two calves which received the greatest number of
parasites had the highest levels of pepsinogen; these rose to
peak values of greater than 5 i.U. Tyrosice between 3~4 days
after transplant and although they subsequently declined they
were still above 3.0 i.U, Tyrosine ten days after Lransplant,
The remaining recipient which had fewer worms at necropsy (No.
74) had considerably lower pepsimogen levels. The control animal
from this group (No. 73) had low pepsinogen values throughout.

Group 2: Pepsinogen levels recorded from the naive recipient
calves were all lower than those of the previously exposed
recipients., However the highest value of 1,9 i.U,Tyrosine for
calf No, 71 was only slightly lower than for calf No. 74 of the

previously infected group, both of these calves receiving their
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adult wvorm burden from the same donor and both having similar
post mortem worm burdens. The other naive recipient calves (Fo.
67 and 64) which bhad the lowest woxm burdens also had the lowest
pepsinegen values, rising to peak levels of only 1.4 i.U and
1,0 i.,U, Tyrosine rvespectively. No sigunificant change was
observed in the Group 2 comtrol calf (No, 68) which had serum

pepsinogen values of approximately 0.5 i.U, Tyrosime throughout,

Serum Gastrin Levels
Servm gastrin levels for individual animals of Group 1 are

shown in Fig,6) and for individual animals of Group 2 in Fig. 6k.

Group 1l: After treaasplant, gastrin lavels in the three recipient
calves of this group were always bhigher than in the control calf.
Serum gastrin levelis of the two most heavily infected calves rose
slowly throughout although levels in both animals only exceeded
400 pg/ml on one sampling occasion. The previcusly infected
recipient animal with the lowest post mortem worm count (No. 7&)
had a higher serum gastrin level at the time of transplant but
did not show any consistent upward trend over the subsegquent
sampling pericd, At no time did serum gastrin levels exceed 400
pg/ml in this animal. The control calf of this group had low
gastrin values of below 200 pg/ml which remained fairly constant

until necropsy.

Group 2: Values fluctuated in a1l animals of this group dut
never exceeded 350 pg/ml on any occasion. No upward or downward
trend was apparent and the control animal did not appear to

differ from the infected animals in this group.
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Discusggion

The results of this experiment counfirm that adult
0. ostertagi are responsible for pathophysiclogical changes in
their hests, The most remarkable change was in the serum
pepeiviogen levels of both the previously exposed Croup 1
recipient calves and the parasite-naive recipient calves cf Group
2. The increased pepsirogen levels were closely related to the
number of adult parasites which became established and where one
calf from each group received similar numbers of parasites from
the same donor, the magnitude of the pepsinogen responce wae
similar (e.g. calves 71 and 74}, The low pepsinogena levels of
1,210, Tyrosine 17 days after fenbendazole treatwsnt in the
covtrol calf of Group 1, reflects the low number of parvasites
which survived treatment,

The worm burdenz which established in the reclipient calves
reflected the donor worm burdemns, If it is assumed that 3,700
{(from c¢alf 73) parasites survived the anthelmintic treatment in
each of the Group 1 calves, then 36.3%Z, 41.5% and 45,37 of the
worms transplanted became established in calves 74, 76 and 77
respectively. This compares with 34.2%, 43.9% and 42.5%
establishment in calves 64, 67 and 71 which were not previously
exposed, The close relationship between the two groups indicates
that previous exposuvre does not affect the percentage
establishment of the adult parasites,

The rapid rise in serum gastrin levels in response to the
transplanted adult parasites which was demonstrated in Experiment
5 was not confirmed in this study. However the mean post mortem

worm burden of the calves im Group 1 of Experiment 5 was 14,250
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0, ostertagi which was higher than the total worm buxden of any
animal in Experiment & It is possible therefore that a minimum
threshold number of worms way be necessary tu cause elevated
gastrin levels, In Experiments 5 and 6, parasites were obtained
23 days and up to 28 days after infection of the donor calves
respectively. The age of the parasite rhevefore may also have an
influence on gastrin stimulation; certainly in experiment 3
where serum gastrin was examined following infection with
Q. ostertagi Lo there was a significant rise in gastrin between
days 20 and 27, with a subsequent slight fall by day 30 post
infection.

An unexpected feature of this study was that the calves
retained the ability to acidify their abomasal contents, which
was not compromised by the presence of adult parasites. This
observation is of considerable interest f£or a2 number of reascans,
First, it provides further evidence for the theory proposed by
Jennings et al (1966) that parietal cells lose their function
only as the maturing parasites emerge from the gustric glands,
and that 1t is as a conseguence of this emergence that the
abomasal pH becomes elevated in ostertagiasis.

Also, it is apparent when the post mortem worm counts are
considered that adult Ostertagia can survive for at least 10 days
in & highly acidic environment. This is contraxy to the
observations of Eiler et gl (1981) who demonstrated z high
mortality rate for these parasites at a low pHs Tt may be that
in the abomasum the worms maintain such a close association with

tha mucus layer on the mucosa that they avoid the acidity of the
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lumen fluid, Those parasites which were observed in histologicel
sectioneg were certainly always found in very close proximity to
the mucosz)l surface,

A further point of interest concerning the abomasal acidity
ig its possible relationship with serum gastrin levels. In
Experiment 3, serum gastrin rose when elevated abomasal pH would
be expected (Jennings et al, 1966). In this experiment, it is
interesting that there was no change in pH or in serum gastrin,
The work of Andercon et al {1975) suggeste that in sheep the
serum gastrin changes of ostertagiasis are partially but not
wholly assnciated with chiauvges in abomasal pH., The reason for
the slight rise in abomasal pH in animal Ho.64 is unknown, but in
view of its swmall parasite burden it seesms unlikely that the
woTms8 were respousible,

The differences in abomasal pepsin between the two groups
ray rcflect am imcrease in the zymogen cell mass or cell
secretion of the Group 1 calves in respeonse to their earlier
larval infection but the relatively low abomasal pepsin levels of
the control calf in this group would suggest otherwise., However
because such large varisations in individual abomasal pepsin
levels occurred in the limited number of animals used in this
experiment it is impossible to drawv any fizrm conclusions fron
these observations.

Biopsy material obtained using the fibre optic endoscope was
of bettsr quality than that taken blind although in both cases
only the superficial mucosa was recovered,

Parasites were seen in sections of tissue from the control

animal in Group 1 (No. 73}, confirming that the anthelmintic had
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not been 1007 effective and the similarity of pathological
changes in this control animal and the other calves of Group 1
guggests that the majority of lesions were a consequence of the
larval infection, The Jimited cellular wespomse within the
mucesa of animals in Group 2 suggests a relatively minox rele for
the adult parasite in the pathological changes of cstertagiasis,
BHowever the thumbprint lesions and smal} nodules seen in the
abomasa of calves from Experiment 4 2nd 5 indicate otherwise, and
it may be that severe pathological ¢hanges only occur in the

presence of large numbers of adult parasites,
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EZPERIMENT 7

A preliminary investigation of possible chemically mediated

responses in calveg with adult Q. ostertagi in abomasal chambers,

Iatroduction

The hypochlorhydria assoecciated with 0. ostertagi infection
of cattle has been considered to be partially mediated by a
chemical reieased by the parasite (Eiler gt ai, 1981) and a
locally releasad parasite factor has also been implicated in the
inhibition of parietal cell function associated with

0, circumeincta infecticn of sheep (Mcleay et al, 1973).

In the present studies (Experiments 4, 5, 6) scrum
pepsinogen levels showed a significaet rise in calves infected

with adult 0, ostertagi aloune suggesting that the tissue damage

associated with developing larval stages of the psrasite 1s not
solely responsible for the pepsinogen changes observed during the
course of a mnatural infection (Anderson et zl, 196%3).

A small experiment was therefore designed tc investigate
whether factors released by adult QOstertagia have a direct effect
on serum pepsinogen and abomasal pH. This was done by comnfining
adult QOstertagia to chambers subsequently suspesnded iu the

abomasum of parasite-naive calves,

Experimental Design
Three four month old Ayrshire calves were used, One donor
calf (No. 10) was infected with 150,000 D. ostextagi L, to

provide worms for transplantation, The two remaining calves were




146

surgically prepared with abomasal cannulae. The donor calf was
killed 24 days after iufection and its abomasal conterts
collected in a warmed bucket, The contents were divided into a
number of small samples which were strained through double
thickness gauze. Worms and particulate material retained by the
gauze yere immediately suspended in beakers of warmwed pheosphate
buffered saline supplemented with 1 gm of glucose per litrs
{rig.7a). VWorms migrated quickly through this modified Baerman
apparatus and a clean preparation of parasites was collected,
The worms were divided roughly into two equal batches and
were placed in small permeabie chambers {(Fig.7b} still submerged
in warmed PBS, Each chamber was transferred quickly ianto the
abomasum of one recipient calf prepared with the cannula, a
retaining ¢ord being attached to prevent expulsion of the chamber
from the abomasum. The chambers had a mesh aperture size of 24
micronsg, sufficiently small to retain the parasites bui large
enough to permit paszage of abomasal fluid, Yaecal samples were
taken at the beginning and end of the experiment, Abomasal pH
and serum pepsinogens were recorded twice daily for two days and
daily for a further eight days, At necropsy the abomasum and the

chambers were examined for parasites.

RESULTS

Faecal Egg Counts
Faecal egg counts vremained negative throughout in bothk

animals,
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A modified baermann apparatus for recovery of adult
parasites from abomasal contents.




148

Fig. 7b A permeable chamber used to suspend adult O. ostertagi
in the abomasum.
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Worm Burdens

The post mortem worm burdens are shown in Table 7a. No
worma wefe recovered from the abomasazl lumen or the mucosal
digest of either of the recipient calves, A total of 102 worms
were recovered from the chamber in animal no. 20 and 4% from
animal no, 38, Most of these worms were damaged and vere in

varicus stages of disintegration,

TABLE 7a

Post Mortem Worm Recoveries from the 2bomasa zud chambers of

recipient calves

Animal Adult
No. Male Female Total
Abomasal lumen 20 0 v 0
cr digest 58 0 0 0
Chanber 20 78 24 102
58 29 16 45

Abomasal pH

Abomasal pH values for the individual recipients are shown
in Table 7b, The pH of animal No.20 was 3.4 on the second day
after insertion of the chamber but had returned to 2.5‘on the
following day, The abomasal pH of animal No. 58 never rose above

2.5 tbroughout the experiment.
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TABLE 7b

Abomasal pH valuves of individual animals after insertion of

chambers containing adult Ostertagjis into the abomzsum,

bate Day Relative to Animal Fumber
Insertion of Chamber 20 58
16,112,823 -3 2.7 2.5
19.12.83 a.m. 2.2 2.4
0

P, 2.6 2,0
20,12,83 a.m, 2.4 ‘ 2.1

p.m, : 3.1 2.3
21.12,83 2 3.4 Z.3
22.12.83 3 2,5 2.0
23.12,83 4 2.8 2.3
24,12.83 5 2.8 2,2
25,12,83 6 2.5 2.2
26.12.83 7 2.3 2.1
27.12.83 8 2.6 2.1
28,12,83 9 3.1 2,1

Serum Pepsinogen
Serum pepsinogen levels are shown for individuzl sniwmals io
Table 7¢. Pepsinogen levels remained below (.8 i.U. Tyrosine in

both animals on all sampling occasious.
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TABLE Jc

Serum pepsinogen levels of individual animals {(i.U. Tyrosine)

after insertion of chamberg containing adult QOstertagia into the

abomasum.
;;te ) Days aft;; insertion Animal Nu;;;;-
of Chamber 20 58
16,12,83 -3 0.65 £.61
19,12.83 a.m. C.41 0.53
Pelt. ’ 0.35 - 0.49
20,12,83 a.m, 0.36 0.44
pem. ' 0.39 0.56
21,12,.83 2 0,43 0.56
22,12,83 3 0.42 8.56
23.12,83 4 0.45 0.57
24,12,83 5 . 0.45 0.63
25.12.83 6 0,44 0.72
26.12.83 7 .36 0.70
27,12.83 8 0,43 0.75
28,12,83 9 0.46 0.78
DISCUSSION

There were no significant changes in abomasal pH or serum
pepsinogen in either c¢alf after imsertion of the chamber
containing adult 0. ostertagi. This may reflect a failure of the

adult parasites to produce chemical substances which might
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tele

mediate changes in abomasal pH or serwm pepsinogen, but it
is possible that close contact between the parasites and the
abomasal mucosa is required to provoke such changes.
Alternatively, failure of the worms in the chambers to
affect zbomasal pH or serum pepsinogen levels might have been
related to their altered metaboliem or early mortslity.
Certainly on}y small numbers of recognisable worms were recovered
from the chambers at necropsy, eight days after implantatiom.
There are several possible reasons for the high mortality
rate of the worms in the chambers, The abomasal pH may have been
toc low for worm survival since Eiler gt al (1981) demonstrated
that 0, ostertagi survived betier at pH 7.0 than at pH 2,2,
However, in a later study presented in this theeis (Fzrperiment 6)
it was found that adult parasites survived perfectly well in the
abomasum of calves when tha pH of the contents vemained below 3.0
on most sampliag occasions. It is possible that adult parasites
under natural conditions remain within the mucus layer, in close
apposition to the abomasal mucosa, thus creating their own
microenvironment which could be quite different from the highly
acidic fluid of the lumen proper te which the worms in the
chambers in this study were exposed. Inadequate nutrition or
overcrovding or a combination of these factors may also have

coutributed to the high mortality of worms in the chambers,
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EXPERIMERT §

Observations on gerum pepsinogen and serum gastrin levels in

calves kep: over two grazing seagons.

Introduction

A series of field investigations into parasitic gastritis
ied to the classification of the disease syndrome imio three
pheses or types; Type I, pre-Type IT and Type II {anderson at
al, 1965), However a comprehensive study of the sequential
development of Type I and Type I1 ostertagiasis in young cattile
ever a two year period has only recently been completed
(Entrocasso, 1984), Hetabolism, production and carcass appraisal
studies were made on these snimals and were coupared with animals
vecelving a morantel sustained release bolus at the start of each
grazing season. Plasma samples collected routinely from Ffive of
the untreated control animals in this study were made avallable
and pepcinogen and gastrin levels were followed over a2 period of

18 wonths.

Experimental Design

A group of five castrated male Friesian calves reared
parasite free were turned out onte pasture known to be infeected
with 0. ostertagi in May 198Z. The animals were about 4 months
old and 140 kg at turnout and were Rept at =z stocking density of
six calves per hectare. All calves were housed for the winter
on the 10th of Octeober 1982 and were fed hay and 2 commercial

concentrate ration which was gradually incressed up to a maximum
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of 3 kg per animal., The animals returned to their original
grazing plot on the 15th May 1983 for a second pericd at grass
and were finally housed orn the 20th September 1983 for fattening,
Observations were made regularly for cliniecal signs of parasitism
and plasma samples were obtained routinely throughout the first
and second grazing peried and through the first winter housing

period.

Results
Clinical Findings

During the first grazing season, animals remained in good
health until August whenr some were noticed to be coughing.
Towards the end of August, the coughing hecame more severe and
most of the animals had loose faeces, At this time lupgworm
larvae were found in the faeces and a2ll animals were treated on
three consecutive days with diethylcarbamazine cityate. Further

loss of condition with ¢linical signs of parasitic

gastroenteritis necessitated treatmsnt of all animals with a

therapeutic dose of levamisole in mid-September, Levamiscle was
used to remove a large proportion of adults and developing larvae
but not the inhibited 4th stage Q. ostertagi laexrvae (Reid,
Armour, Jennings and Urquhargt, 1968), The clinical conditiom of
the animals iwmproved apnd animals appeared healthy until February
1983 when they became dull and diarrhoeic and clinical Type II
ostertagiasis was diagnosed. Although the most severely affected
animals had s reduced appetite until the first-week after turn
out in mid-May 1983, they did not require treatment and for the

remainder of the second grazing season they appeared climically




normal,

Plasms pepsinogen levels

The mean plasma pepsinogen leveles for the five animals
throughout the study are shown in Fig.8a and the mean values are
given in Table B8a.

Pepsinogen levels rose dramatically from the end of July in
the first grazing perliod to movre than & 1.0, and a2lthough there
was a elight fall after the wmid-September levamisole treatment,
pepsinogen levels were above 6 1i.U. at housing in Dctober,
Between October and early December,; pepsinogen levels fell to
below 3 i,U, and djd not rise again until early February when
Type XTI ostertagiasis was clinically diagnosed. The plasma
pepsinogen levels rose to almost & 1.U. in April and peaked at 7
i.U. around mid-May, shortly after torn out, During the early
part of the second grazing season, Che plasma pepsinogen levels
fell sharply so that by mid-August they were below 3 i,U., Trom
then until the end of the study there was a very gradual decrease
in pepsinogen levels, but they remaipned above 2,5 iU, uncil the

18ch October which was the last sampling date.

Plasma Gastrin
Plasma gastrin levels for the five animals are showﬁ over
the two grazing seasons in Fig,8a and are given in Table 8a.
There was a small rise in plasma gastrin just safter turnout
and then a much larger rise during August, reaching a peak of
1212 pg/wml on 1st September 1982, Gastrin levels subsequently

fell and had returned to about 300 pg/ml in wmid-December 1982,
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Table Ba Meon plasma pepsinogen (i.U.Tyrosine) and gastrin (pg/m1)

+ . .
levels (= SE) for five calves over two saasons

Date Gastrin (pg/ml) |Pepsinogen {(i.U. Tyrosine)

1%,5.82 93 ¥ 8.4 0.9 ¥ 0.10
26.5.42 996 = 12.1 1.0 ¥ 0.06
24.6.82 259 £ 11.4 1.5 ¥ 0.07

7.7.42 178 £ 7.9 1.7 ¥ 0.08

3.8.82 202 T 26.7 1,9 = 0.10 :
1.9.82 1212 T 286.3 5.9  0.50 4
29.9.82 836 = 351.7 4.9 T p.40 5
13.10.82 32 2 95.4 6.0 T 0,40 i
27.10,82 550 T 192.4 6.5 L 0.52 p
22.12.82 306 = 68.1 2.2 7 0.26 b
26.1.83 292 £ 78,3 2:5 = 0.25 :
24.2.83 an6 T 83.4 3.6 = 0.26 A
13.4.83 464 t 108.5 5.8 £ 0.49 %
4.5.83 784 T 363.8 6.2 £ 0.60
18.5.83 573 T 98.1 7.0 ¥ 0.60
31.5.03 626 ¥ 161.3 6.7 T 0.48
27.6.83 1064 T 171.8 4.9 0,57

9.8.83 4506 = 72.7 3.0 ¥ 0.33

5.9.83 468 T 43,3 2.8 Y o.27
18.10.83 410 ¥ s4.0 2.6 £ p.25
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Prom the end of January 1983, plasma gastrin gradually rose to a
peak of 1064 pg/ml at the end of June 1983 and then fell to about
450 pg/ml in August, From Auguet until the end of the study,

gastrin levels remained at just above 400 pg/ml.

Discuesion

The sequential changes in serum pepsincgen in these animals
erposed to natural 0. ostevteszil infection over twvoe grazing
seasons are esimilar to those previously described for cattle kept
under similar husbandry condivions (Armour, Bairden, Duncan,
Jennings and Parkins, 1979)., Of particular interest were the
pepsincgen levels during December and January of the winter
housing period end from August uvntil the end of the second
grazing periocd. During December and January of the winter
housing period, plasma pepsincgen levels rvemained higher than 2.0
i,U.. This level ia considerably higher than the pre-infectiocn
level of 0.9 i,U. and the level of 1.0 i.U. c¢onsidered to be
normal for non~parasitised calves (Andevson et al, 16652 yet at
this time the znimals were not being exposed tc infective larvae,
nor were they displaying any clinical signs of osteztagiasis.
The development of c¢linical Type II disease with markedly
elevated plasma pepsinogen values in the following spring,
confirmed that these controls were harbouring large numbers of
Ostertagia larvae inhibited in their development at the early
fourth stage. It is known that a small) but significant
proportion of inhibited larvae mature into adult parasites during

the pre-Type IX period (Michel, 1963; Ross, 1985; Michel et

al,

1976) and it seem likely that this maturation to the adult stage




is responsible for the elevated pepsinogen levels at this time.

The mechanism by which the pepsinogen levels are maintained
may involve either leakage of pepsinogen between damaged
epithelial celle as the maturing parasgites emerge or the adult
parasites may directly stimulate the zymogen cells to secrete
more pepsinogen into the blood,

During the second grazing period from August to October, the
animalg were being exposed to large numbers of Ostertagia larvae
on Ltbhe pasture but they displayed ne signeg of clinical
ostertagizsgis due to immunity acquired during the previous
seasons exposure, However while the animals vere at grass,
pepsinogen levels remained above 2,0 i.,U. and it seems possible
that in the immune arnimal, exposure to larvae alene wmay be
sufficient to stimulate elevated serum pepsinogen. These vesults
lend support to the suggestiow by Armour et al (1979} that a
hypersensitive reaction in the mucosa could incresase the guf
permeability to macromolecules and allew leakage of pepsinogen
into the plasma,

It is also apparent from this study that plasma gastrin
levels become elevated during both Type I and Type II
ostertagiasis, Large peaks in plasma gastrin occurred during
August and September of the first grazing season when the animals
were suffering from clinical Type T ostertagilasis and in April at
the end of the winter housing pericd when clinical Type IIX
ostertagiasis was apparent,

Gastrin levels returned to near normal during the pre~Type

II period of December and January., It is interesting that a peak
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in gastrin levels occurred just after turnout in Hay 1982 with a
wuch larger peak of 1064 pg/ml at the end ¢f June 1983, shortly
after the animals had been turned out for their second grazing
geagon. These peaks in gastrin levels could be explained by the
change in diet when the animals were turned on Lo grass, or by
exposure of the animals to infective larvae on the pasture which
may stimulate gastrin production, Another possibility for the
high gastrin response in June 1983 wight be related to the recent
episode of clinical Type IT ostertagiasis since during June
1983, larvae from the inhibited population picked up in the
autumn of 1982 may still have been maturing and ewerging from the
gastric glands. Ewergent £ifth stage larvae are known to damage
parietal cells with consequent elevated abomasal pH (Jennings el
al, 1966) and reduction in the acid inhibition of gastrin
producing cells im the abomasal antrum could therefore be
responsible for an increased gastrin output by these cells and an
elevated plasma gastrin concentration.

It is interesting that plasma pepsinogen levels were falling
at the time of peak gastrin levels duxing the second season,
possibly reflecting the development of sufficient immunity
against the adult parasites resulting in their rapid expulsion
after emergence thus limiting the stimulus to zymogen cells to
secrete pepsinogen. It is likely that the gastrin levels in the
plasma only returned to near normal when all the parasites from
the pre-Type II burden had emerged and when sufficient immunity
had developed sc¢ that infective larvae picked up from the pasture
in the second grazing seazon did pot develop to the emergent

stages.
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Aithough gastrin levels a2t the end of the grazing period
vever returned below 400 pg/aml, this may reflect chronic or
permanent damage to the parietzl cell mass, which could result in
a long term change in the abomasal pH., Another possaibility is
that infective larvae ingested by the animals at this time were
capable of stimulating the gastrin cells even when immunity was

sufficient tc prevent their establisbment.
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EXPERIMZNT O

An investigation into the serum pepsinogen and serum gastrin
responses of adult dairy cows after challenge with 0, ostertagi

larvae

Intreductioen

Serum pepsinogen levels have besn shown to be of great value
as an aid to diagnosis ino cases of ostertagilasis in young cattle
{Anderson et aul, 1965; Ford, 1976; Jorgensen, Henriksszn, Sejrsen
and Nansen, 1976}, There have, however, been a number of
reporte whnich suggest that in caeses of Qstertagiasis in adult
cattle the determination of serum pepsinogen is of limited value
(Mylres and Hotson, 1969; Chiejina, 1977}, Also, low pepsinogen
levels have been obtained from moribund animals in whicgh
subsequent post mortem findings heve confirmed the diagnosis of
ostertagiasis (Clements, Hamilton and Redahan, 1977; Richardson,
1977). In these cases it was suggested that wmucosal damage with
loss of zymogen cell mass so reduces the volume of pepsinogen
produced that despite leakage into the serum pool, blood levels
remain low,

The finding of pepsinogen levels up to 4 i.U, Tyrosine in
adult cattle with low faecal egg counts and pepsirogen levels of
up to 5 1,U, in steers with fewer than 5,000 adult Ostertagia at
post mortem are more difficult to explain (Mylrea and Hotson,
1969). Because of the variability of serum pepsinogens in adult
cattlae, an experiment was carried out to investigate the zffect

of 0. ostertagi larval challenge on the pepsinogen response in
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adult dairy cows.

Experimental Design

The design of the experiment is shown in Table 9a.

Twelve ¥riesian cows, more than two years of age were
divided into three groups of four. Group ! were given 20,000
O, ostertagi L, on five conmsecutive days, Group 2 were given
100,000 O, ostertagi L, omce only and Group 3 were maintained as
coninfected controls. Groups 1 and 2 were treated with
thiabendazole on day 28. Thiabendazole was chosen since there
is no milk withdrawal pericd after treatment,

Faecal samples were taken at the beginning of the expeviment
aud 23 days after the first larval infection., Serum was
collected three times weekly for pepsinogen and gastrin
estimation and milk yields were recorded regularily throughout.
The erperiment was begun two weeks after the aniwmals had been
housed for the winter. All animals were &t approximately the
same stage of lactation and were located om a farm in the West of
Scotland where ostertaglasis is endemic. It was assuumed

therefore that all of the cattle had experienced infection with

0, ostertagi as calves or heifers.

Results

CGlinical Observations

All cows used in this experiment remained bright and healthy
throughout, The consistency of the faeces did not vary markedly
between groups, although oo occasions animals from all groups

including the controls, passed soft faeces.
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Faecal Egg Counts
Faecal samplazs were examined by a techmnigue designed to
detect low numbers of eggs but samples were pegative in all

animals both at the beginning and throughout the experiment.

Milk Yields
| Average wmilk yields for each group are shown in Fig.%: and
individual yields zre given in Appendix 7a,

Both infected groups had similar yields throughout, The
uninfected group had a higher wmean milk yield at the start of the
experiment but production in this group declined more répidly
than in the infected animals. One month after the first larval
infections the cows in Group 3 were producing on average 2 kg/cay

less milk than those iw Group 2 and almost 3 kg/day less thaa the

animals in Group I.

Serum Pepsinogen Levels

Mean serum pepsinogen levels of Groups 1, 2 and 3 are given
in Fig.9. Individual levels are shown in Appendix 7b.

The mean pepsinogen value for Group 1 aniwmalis rose steeply
over the first five days of the experiment during which cows were
being challenged with 20,000 0, ostertégi_LB daily, A peak of
2.4 1,U. Tyvosine was recorxded on day 6 after the first
infection., From day & levels fell slowly until on day 27 post
infection when the thiabendazole was given, the mean pepsinogen
tevel for this group was l.4 1,U, Tyrosine. A further serum
pepsinogen estimaticon was carried owt 17 days after the

thiabendazole treatment, by which time the pepsinogen was 1.2
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i.U. Tyrosine, that ig, lower than the preiunfection level of 1.3
i.0. Tyrosine,
The mean pepsinogen levels of the Group 2 animals which were

infected ouce with 100,000 Q. ostertagi Ly rose to a peak of 1.7

i.U. Tyrosine, three days after infection, from which time the
pepsinogen levels fell slowly to 1.3 i,U. Tyrosine on day 27 and
1,0 1.0, Tyrosine on day 44 after infection, Serum pepsinogen
levels of the uninfected Group 3 animals never rose abo&e 1.3

i.U. Tyrosine throuwghout.

Serum Gastrin Levels

Mean serum pastrin levels for each group are shown in Fig.
9¢ and individual values are given in Appendix 7c.

Mean serum gastrins of each group remained fairily comustant.
Levels for Groups 1 and 2 were always higher tham these of Group
3, bowever mean values for all groups remained between 190 pg/ml

and 430 pg/ml throughout,

Discugsion

Because of the farm husbandry, the ubiquitous nziture of
0. ostertagi and the age of the cattle the assumption was made
that the animals had an acquired immunity to Q. ostertagi before
the experiment began, The failure of any cows to develop
c¢linical signs and the negative faecal egg counts 23 days after
the large larval challenge given to Groups 1 and 2 confirmed that
this was the case.

The most remarkable observation was the rapid rise in serum
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pepsinogen which occurred in the two groups which were infected
with 0, ostertagi larvae, Serum pepsinogen levels in the Group 1
animals continued to rise while they were being exposed to the
larval challenge infections. A peak level of 2.4 iU, Tyrosine
vas reached on the day after the.final larval inoculation (Day
6). Thereafter, pepsinogen levels plateaud and declined rapidly
from day 10 to day 17, TIn the Group 2 cows given the larzer dose
of 109,000 0, ostertagi Ly on one occaslon, pepsinogen levels
reached a peak of 1.6 i.U, Tvrosine three days after infection
and then fell slowly over the subsequent fortnight., Although a
small rise in pepsinogen has been noted in parasite naive calves
five days after oral administration of O, ostertagi larvae,
pepsinogen does not generally rise nuch above 1.0 i.U, Tyrcsine
until dey 15 when parasites are beginuning to emerge (Jemnings et
al, 19661},

A relationship has been recognised between serum pepsinogen
levels and the availability of infective larvae on pasture in
immune grazing sheep (Anderson, 1972) and cattle (Armour et al,
1979). Pepsinogen levels have also been shown te rise in immune
sheep after housing and subsequent exposure to daily iroculaticn
with trichostrongyle larvae (Yakoob, Holmes and Armour, 1983).
The kinetics of the pepsinogen response in the housed dairy cows
of the present experiment however precluded the possibility that
the elevation in pepsinogen could be associated with the
pathological changes which oaccur as 0. ostertsgi mature and
emerge from the abowkasal mucosa. It was considered wmore likely
that the obsexved rapid increase in serum pepsinogen was related

to anm immune reaction of the mucosa provoked hy the
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administration of O, vstertagi larvae, Such a reaction has been
proposed by Anderson (1973) and Armour et 21 (1979} to explain
the responges observed in immune sheep and cattle respectively to
the ingeation of infective larvae from pasture,

The precise mechanism whereby serum pepsinogen can become
elevated due to a loecal hypersensitive reaction of the abomasum
remains to be established although ircrezsed mucosal permeability

of the gut has been demonstrated during the sgif-cure reaction of

rats immune to N, brasiliensis (Barth et al, 1966). Such lesions

could cause a leakage of pepsinogen into the serum in a manner
raised serum pepsinegen levels associated with Type T
ostertagiasis.

Alternatively the products of a hypersensitive veaction
could themselves mediate an increased production of pepsinogen
from the zymogen cells, which could be secreted directly into the
bloodstream (Stringfellow and Madden, 1979) or leaked into the
blood from the abomasal lumen through separated epithelial
junctions (Jennings et al, 1966). For cxawple, histamine could
have a direct effect since it has been shown to stimulate pepsin
secretion in a number of species (Samloff, 1971). Also many of
the gastrointestinal peptide hormones are known to stimulate
pepsin secretion {(Samloff, 1971) although in the present study
one such hormone, gastrin was not found to be elevated in any of
the serum samples assayed.

The intake of infective trichostrongyle larvae by immune

sheep has been suggested by Andersom (1973) to have a detrimental
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effect on production. In the present experiment however there
were no critical observations made on production: although milk
yields fell in all groups this did not apparently reflect
parasite infection since the drop in yield was most marked in the

uninfected controls,




General Discussion
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 GENERAL DISCUSSION

One of the most remarkable observationms in this study
involved the alteration in serum pepsinogen concentration of
cattle in response to 0. ogstertagi infection. Berum pepsinogen
levels were shown to rise in a number of different circumstances.
For axample, in parasite naive calves, serum pepsinogen was
elevated between sizteen and twenty days after oral infection
with third stage larvae and within one day after surgical
implantation of adult parasites ianto the abomasum. In adult
dairy cows, considered to be immune to ostertaglasis, serum
pepsincgen levels rose within three days of oral exposuxe to
infective third stage larvae., It secems likely thevefore that
different pathogenic mechsmisms were responsible for the
pepsinogen response in each situation.

In parszsite naive calves, pepsinogen is always detectable to
some degree in the blood and it is possible that the serum
pepsinogen concentration is proportional to the amount of
pepsinogen in the stomach (Spencer, Stern and Thayer, 1966). In
ostertagiasis the increased serum pepsinogen concentration may be
a reflection of an increased abomasal pepsinogen production as
proposed by Ross, Purcell and Todd (1969) to explain the
increased serum pepsinogen levels obssrved in calves infected
with T. axei, Alspo it has been demonstrated that in sheep pepsin
secretion in separvated abomasal pouches was maintained oz
increased, when the abomsasum proper was infected with

0. circumcineta, However in the latier situvatioun the pepsin

secretion by the fundic mucosa of the infected part of the
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abomasum was not mezasured and in this region cells appeared to be
non~secreting on ultrastructural examination (Mcleay et al,
1973).,

Beveral studies in calves infected with Q. ostertapi L, have
indicated that gastric pepsin concenblration may drop to very low
values from day 22 post infection (Ross aund Todd, 1965; Jennings
et al, 1966; Stringfelilew and Maddewn, 1979). It is interesting
that in the present study there was no apparenl increase in
abemasal pepsin in calves which received adult QOstertagia by
surgical implantation while serum pepsinogen levels were markedly
elevated, These results however are based cn pepsino
concentration and not or total pepsin cutput, If.total gastric
gsecretion was increased or 1f the zmount of ingesta in the
abomasum increased, the concentration of abomasal pepsin might
congequently have decreased, while production was in fact
maintained or increased., Since inappetfence i8 a common feature
of ostertagiasis from day 18 after infection {Jennings et al,
1966) and the histological and histochemical appearance of the
abomasal mucosa suggests a failure rather than an increased
secretion of pepsinogen afterday 21 { Murray,JenningsandArmour,
1970; Stringfellow and Madden, 1979 ), interpreting reduced
pepsin concentration as an iadication of total pepsin ocutput
probably gives a conservative estimation of the true reduction in
pepsinogen production.

A widely accepted explanation for the elevated blood

pepsinogen levels which occur in bovine ostertagiasis was first

proposed by Jennings et a2l (1966), They suggested that leakage
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of pepsinogen into the bleod followed an increazse in mucosal
permeability as young adult parasites emerged from the gastrie
plands. Support for this theory was provided by studies on
plasma albumin loss {(Mulligen et al, 1963) histological changes
(Richie et al, 1966) and ultrastructvral observations (Murray,
1969) in calves infected with 0. ostertagi. The sequential
changes have been outlined by Armour et al (1979): In mon
parasitised cattle pepsincgen produced by zymogen cells in the
gastric glands is largely converted immediately into pepsin
within the glands by hydrochloric acid produced by the adjacent
parietel cells, In ostertagiasis these parietal cells, living
both the parasitised and surrounding glands, zre replaced by
rapidly dividing undiffereutizted cells and hydrochloric acid is
not produced; thus pepsinogen is not converted to pepsin and
relatively large amounts enter the circulation and increased
permeabllity of the mucoss to macromolecules exscerbates the
leakage into the circulation. However, it has heen shown that
plasma protein loss into the gut does not parallel pepsinogen
loss into the blood (Holmes and McLean, 1971) and that the
mucosal permeability to horseradish peroxidase does not
necessarily increase when calves are infected with C. ostertagi
(Stringfellow and Madden, 1979), Am alternative explanation that
zymogen cell pepsinogen is released directly into the ;irculation
rathber than taken up from the gastric contents through a damaged
epithelium has therefore been proposed (Stricgfellow and Madden,
1979). Observatione in this thesis suggest that neither
explanation provides the complete answver., For example serum

pepsinogen levels rose dramatically in animals infected with
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adult parasites but in these animals thers was no elevation in
abomasal pH and it may be assumed therafore that pepsiunogen
produced by cells of the abomasal nucosa would be immediately
converted into pepsin when secreted into the acidic environment
of the abomasal lumen (Piper and Fenton, 1965}, Thus there would
be a liwmited amouvnt of pepsinogen available to leak into the
gserum through the separated junctional complexzes andit now sesms
1ikely that the positive correlations observed between elevated
ahomasal pH and increased serum pepsinogen in calves with
ostertagiasis are ¢oincidental (Andersen et al, 19465b:Allen,
Sweasey, Berrett, Berbert and Patterson, 1%970).

Direct secretion of pepsinogen into the circulation was
suggested by Stringfellow and Hadden (1979) on the basis of their
observations on tbe ieakage of horseradish peroxidase into the
abomasum to an equal degree in parasitised and control calves.
Hpowever the results of the experiment on adult cows raported in
this thesis indicate that other factors are likely to be involved
since in thesc animals the pepsinogen response occurred within
three days of oral infectien with Ostertagia laxvas, This is
wmore rapid than the typical response at day 16 after infection of
young susceptible calves and suggests that in older immuue
animals zymogen . cells may exhibit & greater secretory respouse
to stimulation by Ostertagie larvae. An alternative and more
likely explanation proposed by Armour et al (1978) is that
changes in the abomasum of immune animals to challenge with

Ostertagia lavvae iuncreases mucosal permesbility due to a local

hypersensitive reaction of the abomasum, similar te that
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demonstrated in immune rats challenged with #H, brasiliensig
(Bartﬁ et al, 1966) and allows pepsinogen te leak into the
SRTUM.

If pepeinogen ig secreted directly into the circulation by
zymogen cells, then duripng infection with Qstertagia there must
be 2 stimulus to this secretion, The polypeptide horwone gastrin
hzas been suggested as a possible stimulant to peptic cells in
sheep infected with H, contortus (Dakkak, Bueno and Fioramonti,
1981) and has been shown to incxease in the blood during

parseitic gastritis in sheep (Anderson gt al, 1975}, Although

hypergastrinzemia was demonstrated in calves from day 20 peost
infection with 0. ostertagi Ly in the studies reported in this
thesils, there was no elevatiocn in serum gastrin after
transplantation with adult Ostertagia directly into the abomasum
despite a marked vise in serum pepsinogen levels in these
animals. Thus it appears that although gastrin may rise during
the course of ostertagiasis, it is not necessarily responsible
for the elevated serum pepsinogen levels.

It is possible that elevated serum pepsinogen levels have
multifactorial aetiology, no single mechanism being entirely
responsible but several contributing to different degrees at
different stages of infection.

In a primary infection with Ostertagia larvae, pepsinogen
levels begin to rise at day 16; at this stage pepsinogen may be
secreted by the zymogen cells directly into the circulation or
may be leaked through a damagsed mucosal epifﬁelium into the

blood. As adult parasites emerge it is possible that they eXert

a strong stimulus on the zymogen cells to secrete pepsinogeﬁ,
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whether this is a direct effect of an excretory/secretory antigen
or whether it is medizted by hormones remains unknown,
Excretory/secretory aﬁtigens include both enzymes and metabolie
products and have been shown to be involved in the maintainance
behaviour of parasites, including the hold fast for adult worma
and interference with host cell secrecion (Miller, 1984).
Although pepeinogen was Bhovwn to rise in the serum of calves
without hypergastrinaemia, it may be that when gastrin is
elevated, in a primaxy Ostevtagia infection, 1t compounds the
pepsinogen response by providing a further stimulus to the
zymogen cells, It is also likely that swihether or net pepsinogen
is secreted directly imto the circulation, it will also leak
through the separated junctional complexes of a damaged mucosal
epithelium. Although it was demonstrated that serum pepsinogen
levels could 8till be elevated in calyes with normal abomasal pH,
iy may be that when the pH is elevated, more pepsinogen is
available for secretion into the blood.

The magnitude of the pepsinogen response to adult parasites
alone was surprising and was disproportionately high for the
number of worms present, This was ¢learly demonstrated in
Experiment 5 where pepsinogens rose to more than 6 iU, in a8 calf
with an adult Ostertagia bunden of only 18,300 which compares
with mean plasma pepsinogen levels of 2.9 iU, from calves with
clinical Type T ostertagiasis and upward of 40,000 adult
parasites at post mortem {Anderson et al,1965b). There is thus
further evidence that adult parasites provide a stimulus to

zymogen cell secretion and the difference between serum
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pepsinogen levels in adult and larval infectione could reflect
the degree of damage inflicted by emergent stages of the parasite
on zymogen cells so that despite stimulation, the total cell mass
in the larval infectiom ie reduced suvch that the pepsinogen
response is lower,

Results presented in this thesis sugpest that care must be
exercised when interpreting pepsisocgen values as an aid in the
diagnosis of ostertagiagis and that it is especially important to
consider the age of animals involved and their grazing history.
In young calves exzposed for the first time to infective
Cetertagia larvae, levels of more than 1.5 i.U. Tyrosine are
suggestive of zbomasal parasitism and levels of gieater than 3.0
1.0, Tyrosine are virtually diagnostic of the disease, During
winter nousing after one season at grass, pepsinogen levels of up
to 3.0 i.U, Tyrosine may wveflect a2 small number of adult
parasites in the abomasa, but the animals may appear c¢linically
normal, However at this time they may be in the pre-Type IT
stage and as large numbers of inhibited larvae resume theix
development in the late winter or early spring, c¢linical Type II
discase may develop and pepsinogen values of above 3.0 i,U. may
be recorded.

Besults from animals in their second grazing season and from
adult dairy cows suggest thst where a significant degree of
immunity to ostertagiasis has developed, ingested larvae may
cause elevated pepsinggen levels of wp to 3.0 i.U,, but are
unlikely to develop to the emergent stages, The low levels of

serum pepsinogen recorded from immune adult dairy cows which were

not exposed to QOstertagia larvae indicates that age per se is not




regponsible for taised values as proposed by Mylrea and Hotson
(1969) and the hyperegensitive mechanism already discussed
provides a more satisfactory explanation. |

The hypochiorhydria associated with ostertagiasis is well
documented and has been associated with damage to parietal cells
as young adult parasites emerge from the gastric glands
(Jennings et al, 1966) or with 2 chemical mediztor derived from
parasite extract (Eiler et al, 1981) or locally relieased by the
pavasite (Mcleay et al, 1973), The present study supports the
vork of Jennings et 21 (1965) as there was no consistent
elevation of pH in calves 3n which arn adult parasite burden was
surgically implanted into the zbomasum, or after exposure to
adult parasites in chambers suspended in the shomasum,

The major changes in serum gastrin appear to ocour
coucurrently with pH changes. Increased abowmasal acidity has
been shown to inhibit gastrin secretion (Nilsson, 1980) and it
may be that during the course of & primary larval infection with
0. pstertagi,gastrin becomes elevated as the pH rises ia the
abomasum and there is no longer acid inhibition of gastrim cells,

It is interesting that during studies on the effect of

O, circunmcincta larval infection of sheep, gastrin became

t al, 1975) and in

elevated in advance of elevated pH (Aanderson
this situation the larval invasion or development in the mucosa
may have dirvectly stimulated gastrin producing cells, It may be

that the differences observed between O, circumcincta in sheep

and 0, ostertagi in cattle reflect a different localisation of

the species within the gbemasum., It is possible that the
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invasiveness of the parasite is responsible for hypergsptrinaemia
or that a specific minimum number of psarasites are necessary to
elicit a gastrin response, Castro et al (1976) first suggested
that parasite invasiveness could be an important factor in the

elevation of serum gastrin. Using two unrelated parasites,

T. spiralis which is invasive and H. diminuta which is not, he

demonstrated hypergastrinaemiza only in rats infected with

T. spiralis. Iz the present study, hypergastrinaesmia was

demonstrated in calves infected orally with Qstertagia larvae,
but not in one experiment where groups of calves were surgically
implanted with adult parasites alone (Experiment 6). However,
contrary results were obtained in another experiment (Experiment
5) whevre hypergastrinaemia was evident in a2 group of calves
infected only with adult parasites. Post mortem worm burdens
showed that many mnore parasites were present in the calves in
which gastrin Ievels rose and it was interesting that the two
calves with the largest post mortem worm burdens also had an
elevated abomasal pE,

Whatever the aetiology of the gastrin respomse, it is likely
that its effects in ostertagiasis are signficant. The effecte of
gastrin on stimulation of hydrochloric acid and other secretions
and on gastreintestinal motility and absorption have been
reviewed by Gregory {(1974) and of particular interest are its
trophic effects on the gastrointestinal mucosa {(Johnson, 1980),
This could account for the nodular response seen in the abomasa
of calves in Experiment 5 which were infécted with the
presumably non-ianvasive adult stages of Qstertagia and which had

a demonstrable bypergastrinaemia.
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The responses to and effects of abomasal parasitism are
obviausly very complex. In this thesis only some of the
biochemical and hormonzl responses have been examined but other
mediators of inflammarory reactions such as prostaglandins,
histamipe or serotonin may also be released and since these may
mediate changes in intestinal myoelectric activity (Schanbacher,
Nations, Weisbrodt and Castro, 1978), gastric and pancreatic
fluid secretion (Castro, Hessel and Whalen, 1979} and zborption
(Brasitus, 1979), it is apparent that a great deal of work is
s§til) required before the pathophysiological and
immuncpathological reactions of the host to paresitism are fully

understood,
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Appendix la Individual weights (Xg) of 3 groups of aninals
challenged with 100,000 Q, ostertagi Lj.

Group 1. 9-15 month old animals previously
infected with 2 doses of 50,000 0. ostertagi L,
and subsequently treated with fenbendazole,

Group 2, 9-15 month old aniwmals maintained
parasite naive

[

Group 3, 5 mounth o0ld animals maiuntained
parasite naive,

Group 1 Group 7 Group 3

Day after Animal Ne. Animal No,  |Animsl No.

first B
Date infection | 21 37 25 56 57 59 38 39
13.10.82 0 375 256 249 | ZeD 249 3321 71 89
19.10G.82 & 354 249 2531 24% 249 345 % 67 93
26.10.82 13 373 273 260 | 277 260 373} 74 99
1.11.82 19 354 265 265 | 269 265 346 | 75 102
11.11.82 29 421 295 298 | 280 255 373 | 79 100
18.11.82 36 386 277 290 | 265 249 354 | 82 102
25.11,82 43 373 273 308 | 285 290 367 | B3 104
1.12.82 49 421t 280 280 280 277 373 | B3 102
9.12.82 57 393 290 320 280 277 338 | 85 103
20.12.82 68 403 317 299 | 280 299  34%1 | 87 28
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Appendix 1b Individual faecal egg counts (epg) of 3 groups of
animals challenged with 100,000 O, ostertagi Lg.

Group 1. 9-15 month old aunimals previously
infected with 2 doses of 50,000 Q. ostertagi Ly
and subsequently treated with fenbendazole,

Group 2., 9~15 month old animals mainktained
parasite naive.

Group 3. 5 month old animals maintained parasite

naive
Day after Group 1 Group 2 Group 3
Date ;igggtion Animal No. Ariimal No. Animal No.
21 37 55 96 57 59 >4 39
11.10.82 -2 0 ) 0 0 0 0 0 v
13.10.82 | a 0 0 4] 0 0 0 0 0
19.10.82 6 0 0 0 NS* 0 0 0 0
22,10.82 9 100 50 0 0 0 ¢ 0 d
26.10,82 13 100 0 0 o ¢ 0 0 D
1.11.82 19 0 D 0 0 0 0 0 0
4.11:82 22 150 0 300 0 0 50 50 0
11.11.82 29 50 100 150 0 0 0 0 1]
18.11.82 36 100 100 100 0 0 0 0 )
25.11.82 43 100 100 200 0 0 0 0 0
1.12.82 49 0 0 0 0 0 0 0 D
6.12.82 54 0 0 0 0 0 0 0 o
9.12.82 57 0 0 0 & U 0 o 0
13.12.82 61 0 0 0 a 0 0 a 0
20.12,82 68 0 0 0 0 0 0 0 0
23.12.82 [l 0 1] 0 0 ] § 0 0
28.12.82 76 0 0 0 1100 50 50 |250 100

*NS - no sample taken
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Appendix Ja

Individual fascal egg counts (e.p.g.) of calves.

Group 1 were maintained parasite free, Group 2 were infected

with 50,000 0. ostertagi Lj.

Days fter |——p il g ~ i T,
Date 32 %0 34 46 38114 21 3 17 57
15.11.81 0 0 0 o @ g ;0 ) Ul G o
25.11.81% 7 0 8] 0 0 0 0 0 0 U 0
2.12.81 14 (0 0 0 0 0 G 0 3] ] 0]
2.12.81 21 g 0 0 O 0 350 300 500 250 500
16.12.81 24 G G o 0 0 500 350 400 250 200
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