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A GENERAL SUMMARY OF THE PIRLD AND
EXPERIMENTAL RESULDS

03

Poliowing a stady of nineteon ouithrealks of nabturally

sucurring bovine parasitic gastroenteritis, in which 5.5

pox cendt of 337 young dalry catile wexe cliundenlly

affectod, C.osteritagl was the predominant nematode snecias
N Nommi + &

e b

faang‘ The fields which wore used year afber year fov the
waiﬁiﬂg oF wepiaéement calves, togethoxr with the praciico
ef grazing spring born and autumn born calves in the sawmc
field, wewe factors which wore considered to bo ma joir
prediéywaing causes of outbreaks of this cconomicarily
Lmporbant diseasc.

Throe phases of bovine ostertagiasis could be
dingéinguisbhed oun the basils of cliniecal bistory onad
laboratory findings.

TYPE X covpesponded to the classical descripiion of
ciinical parasivic gastritis in which Ga&ve@, av grass fowp
the fivet time, shoved a loss of weight and diarvhoea
which sceurred at any time from late July until the cund of
the grazing scason. The vast majority of the iungested
larvae doveloped to maturity within the expected peviod
of three weeks.

PRE~DYPE LT was elindically not appavent though large
populations of Q,ostextagi were proesend, of which ovew

S0 pow cent were imhibited at the eariy Aih stage of



ProQuest Number: 10662353

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10662353

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 — 1346



164,

Lawvval development, Those animals had grased infocted
pastvure until the late auvtumn, bui had ne history of -
dilavehoea and usually appeared healthy o the farmer.

f

Tie second clinical phase, Type IE. was differeuntd
to.the Sirst in that calves, which bad mo hisbory of
Glaryhiosa or weoight loss duvring the grasing soason and
which were well grown and in excellent condition, uewe
vaken dndeoxs about the beginning of November. Afbor a
vaviable period of time, ranging from S'ﬁeeks to & months,
shase snimals started o lose weight and to show a profurne,
vatery diarrhoen. The appeavance of the clindenl signs

codincilded with the devolopwment to maturlity and emergonce

from the abomasal mucosa of large numbers of inhibited

O.oatorbagl larvae, uwhich woere ingested duving the labe
avtuun grasing poriod, |

In bhe diagnosis of bovine osteridagiasic the results
of fh@mﬁi worn egg counts must bhe intevprobed cautiously.
AXL valves with egg couwnts of 1,000 c.p,ge aund over were
clindenlly affected animals. Beecause of the gross variation
in worm ege counbs which occurred in individual cases, low
oge counts could not oxelude bovine osleviogiasis from tho
gifforontial diasgnosis,.
I goutraat to the effect seen in Type I casges, the

rogponse of Type IX affected animals to gntbelminthic

treatmont was peory consequently, the proguosis was grave



iun dhe Lstbtor cabegoxry.

Anaomia, hypapvaﬁeimaémia and hypoalbuninaemia were
not detooted iv cases of Type [ ostevdaglasis. In cases
of Type IX there occurred a moderate, mormocysic,
normochronic anaemnia and a merked bhypoalbumivsemia. The
plasusa pepsinogen concencration of 1u§00%uﬂ calves wvas
daceaased, mavkedlily so in celiniecal casog wnﬁ wag correlabod
with the soverdibty of the abomasal lesicns aund the numberg of

Gsoobortamgt Tound at autopsy. The pH and sodiina lon

concentration of the abomasal contents was murkediy increased
in Tyge‘I and Type L cages, but was ouly slighily olevated
in ?%é»?yp@ I3 affectod animals. 7The physiciagical .
abunorialiflies were associated with warked histopathelogical
changos within the abomasui. These wove described aé a
logs of cellulayr differentiation or tﬁa specialised cells,
bhyperplasia of ftho muecons epithelivm and infilbration by
gebiculo-gndothelinl celis. Further study would be regquired
B esbablish houw the pavasites caused the abuormalitics
obgervoed.

debailed study of the nabturally emﬂuyNAngvaiseaa@
revealed that thoe aumbors of larvae available oz the pasture
of $he call zvearing fields increased progrossively from May
o July and reached a peak at the end of Augusts Type T
diseape ooeourved after 2 to 16 weeks graming on these
pastures and some $0,008 o 60,000 ©

aatortaed were reguired

to nrecipitate clindcal seigns in calves of & to 6 months of
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ages In contrast to the worm counits from calves autopsied
prioxr to October, a marked increase imn the numbors of ecaviy
hih sbage parvasites was found in boih previously infected
aid worm free calves which had grazed the heavily
contaminated pasture, for as short a peried aas 1% days,
during the labte awbumn period. This phepomenon was caused
by inhibibion of development at the eariy Iith lavval stage
and was abvtributed to an unspecified pgyéiaiggical change
within bhe haét'Qr-thellarvae-at this time of the year.

The pathogenesis of a single infeciion of 100,000

@.asterﬁagi,lérvae was studied experimontally in parasgite
frac #alvns. Eighteen calves were aﬁtapsiad in paivs from
2 to S0 days post inféatiéﬁ. The larvae were fﬂﬁﬂﬂ.Wiﬁhi%
the gostric glands 2 days after-infectivn and @ﬁérg@nce
from the gi&nﬁ into the lumen, which‘éaﬁaﬂiéedqwith'gatcncy
and thoe ﬂevelopmentfbf clinical signs, ocourred betueen
days 14 and 21 aftey iﬂfectién. Tohibition of dévelayment
wag not ohserved, bui g mavked logs of adult worms occuried
botween 16 and 28 days after imfection. ALl the lesions
sean in the typical field case were re@rﬂéaﬁaﬁ.'

Tith the groweh of the larva, £ﬁe pagsbnle glaud
dilated and became liuned with undifferentiated, tall mucous
cells Lo produce the characteristic white nmucosal wodule,
which was readily seen in the fundic vegion of tho abomasum.
- Priowr to the Ath laxval moult at day § of the infection, the

mesenchymal reachion was slight. Towards the ead of bhe
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growsh phase this reaction incereansed and glands adjacent
to bhat containing the lavrva lost their differontiated
aplthelivm and became lined with cuboidal callsg
Gaaieéaanﬁ@ of hygafplastic nodules produced the "moroccen
‘1¢aﬁhér“<appeawancatof the mucosa. When the wyovms cmerged
from the gastric glands, they i&y clese te the surface
eyithe&iu% at which site cytolysis and suporficial sloughing
coourred. Plasma cells were, numerous ad this bims, Replace-
mens émﬁ differentiation of the glandulay epitheliwms took
place very slowly.

% an*é#perimenﬁal attempt to reprogduce massive

intwibition of dovelopmont (a necessary pro-reguisite fop

the appearance of the Type IT syndrome) three wogimes of

L8

infection of calves with O.ostertagi lanvae were caryiod

pute PFivstiy, gf@ﬁpﬁ;nf five calves w&éﬁlgiven single doses
of 50,0003 100,000 200,000; 400,000 and 800,000 lamvae{
secondiy, calves were given four deses ﬁﬁ‘iaﬁpéaﬁ lavvae =at
ong weel imtarva;s; agd thipély,:%éiﬁes‘wafe ginn'E@‘ﬁases»
of 3,&@0 larvaé’avér'ég days and thiﬁAwaé folloved 21 days
later by a single doge of eitber QGO;Qﬂﬁ e aauﬁesé lavvae.
Waen the calves were aunbopsied, usuaily 21 dﬁy% after th@

last infection, a gignificant degree of inhilxition of

7]

larval development was unot found in any of the Q.esieviagi
worm populations, Clinical signs of Type ¥ ostevbagiacis

pacurred in the majority of these calves and at aubopsy the
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charastoristic biochenical and pathological alberations
asgociated with the Type I disease were found, From these
= s

experinents it was concluded that inhibitica of development

tasd larvae was not related to Lhe sime of the

tavrval infectiou noy was it an inevitable osubcome of
provicus malitiple dinfeoctlons.

Howaever, befere tho pathogeneais‘&f the Type IE

gyndeoma’ can be adequately studied, inbhibition of develop-

maﬁt mﬂsﬁ'ﬁéAiﬁduced-im:calvaé,‘ An‘asseésmemﬁ of the
enviromuental facﬁbrsgmw the‘possibié changes v the
physicliogical makeup of host and parasite asseciated with
tﬁe“@fﬁéType”IIJand_Typa II syuadromes, ﬂouid, maot likely,

veveal the mechaunism of the inhibition phenomenon,
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. BOVING  OSTERTAGIASIS
field studies, into the nature and cause of bovine
parasitic gastritis caused by the Trichostrongyle newmatode
wia

Oz baerin psbertagl, uwsve carried out in Renfrewshirvre,

Aywahive, Lanarkshire and Wigtonshire, Scobtland.

The experimental work presented in bthis digserdation
wne coryicd out in the Deparitment of Veterinary Medicine,
Glaggow Universitby.

The resulis given herein were obinined during the
course of an investigation embracing the study of parvasitic
pastroenteritis affecting sheep and catbtle in thids pardt of
the Beitish Isles.

My colleagues assocciated with this yesearch programme
W&fﬁgﬁﬁa Fo Armour, Mr. J.D.85. Ritchie and Dr.f.V.dennings .,
under the supervision and direction of Professors W.I.McIntyre
and W,P.He Javvett and Dr. G.M. Urquhari,

The pathological changes associsted with infections
of Ostevbagia gstorbagi will form the subject of a separate
communication by Mr.J.D.S.Ritchie. Howsver, te facilitate
the undersbanding of cerbain physiological and parasitological
ohservations, permission has been obtained to include in this
disseviabion, a short description of the relevant
histopathological changes.

Phe field and experimental data, presented hevein,
are oviginal and have not been submitted in any Torm to any

other Unlversiiv.
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BOVINE  OQSTERTAGIASLS

INTRODUCTION

LITERATURE REVIEW OF OSIERTAGES OSTERTAGL:

PARASITIC NEMATODE OF THE BOVINE ADOMASUM.
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A LITERATURE REVIEW OF OSTERTAGIA OSTERTAGT ;

A PARASITIC NEMATODD OF THE BOVINE ABOMASUM.

1. Classification of Genera and Specios.

Datertaﬁia 0stertag1, commonly known as the Medium
Stoumaci: Vorm or tha Small Brown Stomach ﬁnﬁm, was fivrst
rocorded from the bovine in 1890 by Ostertag, who gave it
the nawe of Strongylus gonvolutus. Stiles (1892) renaued
the parasite Strongylus gstertagi but it was Ransom (1907)
who gave the first detailed deacrxptlon af this abomasal
nematode of bovznes, naming it Dstertag¢a oatertaga, the
type specics of the genus Ostertagia.

Skrjabin (1954) within the superfamily
Tfichug&gongxloidgh, astablished the tribe QOstextagican
condaining twelve genara." The type génus rcméiued
Ostertagia but it was divided iﬁﬂo three subgonaerate
Custarcuata,.Grusagiculagia éﬁd‘OStertaéia. " The subgenus

Ostertagia contains Tifteen species three of whichy

9, ostertagi, 0. civoumecincia and O. trifurcata have boen

vocovered from the abomagum and small intestine of
domestic cattle. Ostertagis lyrata (subgenus grogspiculagia)
hag aiso beon reported from cattle.

An excellent description of the subgenus Opstortagia

and a diaguostic key o species differentiation is given



N
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by Skrjabin (1954).

za Gaographmcal Distributxoﬁ

" he geographical distribution of the 3paciaa found
in cattle ia a wiﬂe one and 1ncludes wQsternVEurape. Neoxthx
and Sauch.ﬁmerica, Aaim, Australia, New Zealﬂnd and U,5.5.R.
(astertag;‘xsga;»sﬁadolman,f1891; ‘Stiless 18923 Gilruth 19103
Movas, 1907; Rensen, 1907; Gardiner, 19113 Skrjabin, 1927;
Rose, 1961§) | . e |

‘”"3}" The Life chle of Ostarta o ostert

| The imfe cyule af Oatertagia ostertagl has beon
'descrmbud by varxous wsrkers, (Stadalman 1891, %todter 19013
Threikeiﬂ 19#6* and Douvres £9)6) aﬁd the description given
below i*’tmken from thexr work.: “f
_The ?wemnfﬁativa Phﬁse |

0. ostertagi agEs when 1&16 are uquaAly.iﬁAhhe 2 to 8
ﬁﬁll’ﬁﬁﬂﬁﬂ% They avre passed in the faceces and in waom
ucﬂuhur ﬁhey batch in 21 to 24 uaurs rcteqaxnb ﬁatxia; first
s@age larvae. Two days 1ater, uftar a pev¢0d af lethavgy
pviag o mnnitlﬂg, the sucund stage 1arvae deveiops. Third
sﬁage oF lnfective larvaa, encased 1n the sheath uf the
Beﬁﬂﬂﬂ atage 1arvae are found 5 to 6 days after oviposition
undaw thmmal emndmtionﬁ. Durmng this free living rhase ef
dovelopaent the firsﬁ and secund stage ilarvae avre believed
to feed om bacteria. -

The Infective or Pavasitic Phage
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Tho Infecilve o Parvasitic Paase

Exsheathuont of Larvas

When ingested by sultable ruminants the third stage
nr-p&rﬂﬁiﬁic larvae exsheathe ia the rumen, Hogers and
Somerviilo (1964) ‘state that the chief sblimlus for
égshea#hm@nt‘isgcarbon dioxide glthough chev'£acﬁﬂrs such
as ﬁh@fhyﬁrégeﬁ ibn(euﬁaénffétioﬁ,'xedu@iﬁg agents and the
yrésgnﬁé Qﬁ;aalta may be iﬁpoitant»undew4ﬂert&iﬁ conditions,
Givon ﬁﬁvﬁnrable cifuumatﬁncés'thé'stimnius hag its waximum

[N

effac wiaﬁxn 3& mxnutes. -

Gﬁh#fne, Batte and Bell (!960) fwuﬁd ﬁﬁ&fﬂ stage
1 arvae  dix tha gastrie glands of the abomasgiu as eariy as
G haurs'after xngestionw |
Douvres (1956) found that two doys following infect;on
the yaraé&t&a‘wafé exsheathed third stage bul on day three
the magﬁwiﬁy of the lavvae were undergeing their third moult.
By day four of the infection eawly fouxth sbage larvae
predoninated by which tiwe sex differentiation was possible.
At the seventh day the larvae were still in the fouxrth
sbage, bub were’cunsiderahly larger, measuring 2.52 to 3,08mms.
in lengthe The fourth moult commenced on day eight aftex
infeﬁtiﬁn and was wampieﬁe‘by.day_twe1Vﬁ, all parasites
wmre nhep in the f&fth o immature adult stage. Larvae which

have Lﬁuﬂimbaﬂ the&r iast moalt ‘may be Found free in the

ahumaaa& contonts. They usually emexge Twvoum the gasiric
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glounds after the fifteonth day. Immaturae adulﬁa, 15 to 17
days of "ﬂeg were found deep in the lumen of thoe glamds,ﬂwp
in bhistological sec cbions were seen bto ocecupy spaces vanging
from 400 %o 500 microns in diameter, Ravoly, and thon only
in heavy infections did the larxrvae penetr&te the muscularis
BUGOSAC o Larval development in the gasiric glénds ig often
Yermed the hiatctrnphic phase and Threlkeid (1958) gave
evidence that this phase may termiuata at. any tima betwoen
fnur_days_apd thirﬁeen weeks after post infeatlanAfer \
Cindividual larvae; :Thraikeldlgave no exvlanafion why this
uaaﬁrre&; ﬁnuever, delayed development or iﬁhihxtxon of

.*davalbpmenh was commanly found: in catt!e cllnically affeoted;

- m.u:zz. asmrmgmam (Martin, Thomas and Urquiari, - 9,;7)*

The Adult Stage

Threlkeld (1946) noted that maturc male and ferale
worms wove vacovered on the twenty-fivet day post infection;
then the uteri of the females contained 20 to 30 eg@s. Egegs
appeaved in the faeces two days later. Poview and Cauthen
(1946) showed that pateney can vary from 19 to 31 days and
that ogp laying may conbtinue for a period of 7% months
following o single infection.

Threikeld (1958) in a series of 27 pustmorten
examinations, found that mature adults were usually present
on the surface of the mucosa in the pyloxric region of the

abomagutie



TAULE X

PULASEEGDIRS . O TN g5 THE VARIOUS }}«w” LSEPLITNEAL
STAGES OF QSTERTAGIA OSTERTAGI.,
A SUMMARY OF PUBLISHED REPDRTS
X i Heasuroments in _mms, duthor
::‘31::3{*;:%5 '
Bobryomebod Longth 0,071 -~ 0.085 skarbitoviak {1935)
Bizego Widith 0.035 esﬁ obs
B Snoeos)
Lengih 0,070 = 0080 Throlkeld (1946)
Hidth 0,040 - 0,050
Piwst Sboapgo Longth 0348 - 6.3'?&3- k‘tﬂu Lovieh(1935)
Loawr e Lenpth 0,300 - 0506 Threikels {1046}
Sacomd Bhogoe Losipbh o547 qha?biiuv rah{1935)
Lonaniis E;emgi:’ﬁ G o750 Whreikoid {(1956)
Pdvd Bbage or Lan{“ﬁh 0850 = 0908 Threlkeld ('1:23256)
Infendive Luarvae Length 0,825 - 0,085 i th ('i)‘;_j)

' Langih G.320 Bouveos {10480)
Bowily Pewcbh Lengbih 1.00 Phrelikeid {19h6)
Hbage Sdawpvoae Longthh 1.40 )

Length 1.8 Pouwvres (1956)
Lm;gi-im 1.29
Pouarbh Mouls Leﬂgth 1.7 = 2.0 Thielkeld (1946)
Lavvas Loangth 2.7 - 3.0
Lensth 3.97 Vouvees {(1956)
';i,.emg;i&x 473 o '
FILEh Sbage  ow ‘,Lanutn 337 = 4.00 Threikeld {1546) "
Fraondirs ddulis Lengti et « 6.7 : .
Length 4,87 - povyves (1956)
Length 6,12 “ "
fmi'm‘ g “iu PG C Length 6,‘6. - 7.:5} Th:::?éé:é,}m;i.ﬁr {'35;'35-56)
8.0 =~ 9.0



54

Douvyres (1956 and 1957) in his atudy of %he
morphopone a&a af the pawasitic phase, glives an excellend
descrintinn with measvremonts of the vavious dovelopasutal
and adult stages and his results qgree with the wewrlk of
Phreilkold (1046) and Kedvh (1953). Table I sumnarises the
meaﬁﬂrameﬁis made by several wurkers of the vavrious
dovelophiental stages in the 1ife ocyéle ﬁfiﬂst&§tagia

opterdami.

198 --”he Bmonammrs sf Freu L1V¢up bwtmybn 1o Lanvage

. Emrvad Bovwiagmonm aud &urvzval under hdburqtﬁﬂy éanézxvﬁus.

ﬁayﬁaivﬁu. lapment in Faecal Culture.‘

o ngwdlﬁ aad Biazell (1963) noted that eanqiﬁ@ranle
vayla&@@u abaurre& 1% the rate of larvai deveiapmenm whon
Leudy uﬁﬁd‘wﬁ a maﬁutuined at uunstant temparatures. They

IR TS uﬁguccesafuzly, Lo reduce this variskion, Thoix
wepulss for the survival of larvae were exprﬁssed Ly wminimal
aud modisn percentages, ot several different constaud
bomparsiuos readiﬁgau The developmental tamgeratmwe was
ﬁ@?imumga%»aﬁﬂcs Seven te nine days' iucubation at this
tomporature were nceded bofore infective lavvae could be
'xeeéveréﬂ¢ Héwever, abt aﬁoc_cnly 30 pexr ceni of the eggs
hﬁﬁ_dave;nped $o the third larval stage.  Temperatures above
Eﬁﬁﬁ’haﬁﬁemé&-ﬂevelbﬁment but iucrqased.mortaiityt Thoe
pérﬁattwgé of epgs which ﬂeveloped o Ywd sbtage ilavvae av

S S 4 e N . . _
f&?ﬁ‘ﬂ&ﬁ 1533 atb 8% Awas 3.5 percent and at temperatures
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helow 6ﬁﬂ,ﬁavelﬁymamﬁ did not proceed beyond ihe gastrula
stage.

Surviyal of Do and Lavvae Isolated from FPaccal Culture

Fusaan (ISQQ)} working with 0, glroumciungia, and

isley a buﬁtraliaé hum idity and hemperztére box, found

ﬁhaﬁfnﬁuuembryonateq anﬂ:amhryanated egss kepd in Sume of
wa%@r ST killed in 1 to 2 days by a tempﬁratnraAnf &ﬁeﬁa
In ice ab. uh c® they survived 10 to 22 days. Embryonated
aaé& raai&ued tcmparaﬁuxoa up to 37 c.

Premnfactmvs larvae were more scusibive than eg gsA’
Ber tha effaats of envircnmantal tomperature. ?raaa;ué or
hﬁgh »&ngefaturea uilled them quiakly, whilsts those ia
SQ&ﬁlﬂn wuycr, aﬁ ”ch quld survive fgw 1 ta; ‘mmnﬁhai-~;-

of the fxee living atagea, 1nfecuive larvae were

4 e most rasistant to changes in tempanatures anﬁ hnmidity.

Freeziur Mualiy killed infective larvae within 14 davoe
Touporabures just abave freazing increasod aﬁ“vivaﬁ wiich
could be greater than 270 days. The mogi favouvrable of
the bewpevature teateﬁ waa 27 G' generally the moriality
af infepbtive 1a§vae increased as temperatures rose above
thigae

Reéistanca té desicecation was greatest in infective

Clarvae aud embryonaﬁed epps and least im preiafective

larvaelaﬂd nanmambrynnaﬁed eggs. Furman (1944) noted that

infective larvae withstood a saturation deficiency of
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19,8 mme Mg at 27“0 for 43 days. The Animal Healih Services
Repoxt of Great Britain For 1958, recordy that bthe majorilty

af iﬂ“VmQ,W& 211 dried\en microscope slideg and shoved at a
roiative ﬂam*d&ty‘ﬂ& 75 ta 95 per eent, were still alive after
seven days§ furthur dabxccatzan resulﬁcﬁ in high mortality,
but & feW‘E““V”@ suvvivnﬁ for seven weelsg: idn conbrast bo
”ﬁh&bg i& WS fmunﬂg that eggs. and preiﬁfcaﬁiva iarvae; were

. k¢£iﬁd by shnrt periods of desiccationd

Lkrv al, Eﬁvhtamment %nd Survival under Fieid &0n§it¢ew

Sgrviva& oF Isulqtad Thm@d Stage Larvae on ?aatura.,

Enii, xﬁlvxn ana Turk (1960) es%&mutad nhe aurv:va? of

Aﬁ.uqteqtngi 1arvae by placmng 5,000 fresp‘xnfehtive larvae'

vt ﬁhe bqq tof ﬂarmuda g@ ss grown An ﬁrcaﬁ aix 3 Lhau square.
Lq??@@ were revavnved from the grass dmd tﬁﬁuﬁil by tha

Baernann m@ﬁhadg Cousiderable varxatimn TIELE nated but more

&

nwae wore yecovered from long grass bhan short gracss., This

Tanis
P oo
¥

osperimnenl, carried cut in Texas, showed thoero wae iittle or
ne coprelation bobuweon survival time and avoergge maximum
tmm@ratuﬁa, rolative humidity or rainfalls The maxionm
purvival time for Qsostertagi larvae was il dayss 50 percent

EQWGVGE?UG Te ﬁﬁﬁd from exposure by the 36th day.

voveiopnens aand Snﬁvival of Larvae in _Lhio Faecai ?at.

Paysan (19&#) ylagad fresh sheep favuos gaata¢n¢ng

a knﬂﬂﬁ mumbnr af eggs o5 grass plots aﬂd racﬁverad 0.m1raumclnta

'lawvae from bhp survounding grass and sm&i‘ flg found that
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fovge asabiys of 3rd stago lanwvae bad Jdovaelopsd durdag

Phe swnmen wonbks on dvedgated Caldfermiss paglsros aad

Lo eowbrast laevae. weve killed rayidly.uﬁ~nﬁﬁwl GORN LR LE

¥

pas shuariie Ay STMEL . Puring antumn and winbor & aeeb

ghes oy percenbage of . egis developed Lo bha Judlessive

whans then dn Summere ThisuwasrthOHWh"%ﬁ suwosrant Cow
phy g inu¢ﬁem¢alﬁﬁ'parasiticﬁgas$*ﬂL; wrdtis An

......

ma«mke:ad m& Jnimaton (:uu ) in “;:,:a.s: *Lum,l Found

ﬁ'ﬁﬁxﬁé-mﬂﬁthﬁ‘ $Xpasur¢ to enyiranmanpgd.ﬁf‘ hgg

;wwiuan %hn&& oF wibhow,
Eﬁh& (1)61, 1062 ) garried. out an Intensive study

)

af & hlonowios nf\ﬂgﬁﬂtartagi in the Sonbhewast of E&ﬁlaﬁd;
ﬁ&ﬁﬁ&ﬁ‘ﬁ&ﬁﬁh.ﬂar@ speend thin en the pasbuve deled oub
sompioboly dwm & fo 5§ doys and ne larvae wove veeoverod
cithey Prem the Tocces ox the surroeundiny horbags and poil.
Phe Laecnl padt was found to be un Adecl wuvivenment
Por The dovelopment of Aﬁ Pective larvae. Thoe pod deied oud
alowly snad althoush o hovd crust a quaw%w oR B iunceh Glolel
FPoemed du b te B dayos 1% took almost @ mo pniin for she oudive
mian bo Ay oulb. Tau miniawn and mamimké'ﬁﬁﬁﬁ Lelona o

apes ho doveloep dute Jvd stage lavvac was 1 mnd 19 dayes

posmpuobively ﬂurmng April and May; 6 and. i doys voespecbively
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i June and July., Larval development in the faecal pat took
place all the yveawr vound except wintery oggs which had
remained viable resumed development in the apriag, whan the
senpevatures bagan bo »isc.

Thivd stage larvae could survive on herbage for up to
2 Y@a&glaﬁﬁ Lavge numbeys wereo found to Qurvﬁva for & months.
ﬁt.wéﬁ aiso found thxt some larvae could withsband wiater
conttitions but the p&raemtagé mortality dueiung thils perdod
waaxﬁaﬁ-aﬂﬁjmaﬁeﬁﬁ

Roge nanciﬁﬂeﬂ that in the Soutb~vest of Bnglend, the
AVOPrags %ﬂﬁ@ﬁ~5fl&limﬂﬁiﬂ conditions di&ﬁgat appear to have
any ﬁig&iﬁicéﬁﬁiy;ﬁeleterious effect on bhe longevity of Srd

ghage Jarvad.

Migratlicn from the Paecal Pat

M‘W

showed that the 1afvae of

23 tended to congregate in ant just beneath the hard

erust of the Ffaeenl pat, even when deepeor parts of the pab
contained wore moisture. Larval migration bo the pasitures
wyas 0ot possible unitil this bard crust uwas poftened by raiun.
Migvation €rom the faecal pat was found ¢o be gradual and i€
soolk tho Totu of oibther a continuous pricess o & series of
migeation waves depending upon the pattein of soaking raiil.
infocbive lavvae could be wvecovered from the faccal patv until
it digivtegrated; even though the majority had wigtatod

wibhdine & months.e
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Eateral wmigration was limiteds the major ;;v‘av 1&rvae
wers Tound within o radivsg of two inches from she fﬁ?u X pat
2l m&"ﬁv @ fewvere Toumad L or 6 inches s::w:;:f,

5@ (%}63} raﬁarmud that mﬂat lawvae weve Lomnd les
Hhny ?“~%hﬁvm the a&ii sﬁffaue‘ Knapp (%ﬁé’) showed thalb
humlﬂaxy had = %ﬁﬁk&ﬂ affect on th& vaW"aﬂa. mmgrniéﬁn af

@ﬁ&?hﬂﬁb?éﬁgxiig larV%e amta paatura piﬂﬂbﬁ; r&latlvﬁ &um*dity

ﬁf 3&:§Qw ank aamp%aﬁe{y inhibiteé mxgr&ﬁaﬁm, while 90 por
ﬁ@ﬁ» hag&n m% xmmeﬁiﬂtely, |

&iﬁve the faecal pat had heen sL&wn ia ﬁﬁ%@ﬁ an %
waa&avaim fmr 1&??@@ and pastura enntam&nq»lung %ﬁ@ affect
ax pﬁahuwﬂ harr&m¢ng ok lmrval survival Was &nvasﬁi ateﬂ by
hﬁﬁa {é}&i} During er @ariaﬁs hdrrnwzﬂg &naraauad tha
:mar*niiay ax lnrvaa aq the apréad faﬂcﬁﬁ ﬁ xa& nu& Tapidly.
Tnder @ﬁagz@l& e ny yer&ada mechanicai apreqélng 0? facces
'@u v faoilibtated the ﬁxs&emmnatmen uf 14?@&@-&%& moprbality
Wﬁﬁd@ﬁu %maraasaﬂ*

Thﬂ qma&biﬁn ﬁf di@aemznatian of imfective larvas by

Fungae of ﬁilahmiu& spe such as ocours wi&hzﬁigﬁ,ﬁgaugua_

wivipaoug {?ﬂbinsaﬂ, 19&3) hans not boen ﬁavaat&wmtedt

Tt has been demnonstrated, {Report Qﬁ the Animal Health
ﬁef@ié&@*iﬁ“areaﬁ Bmi%4in'($960)), that durimg the summer inm
Sauuﬁaﬁn Sﬁmlmnd; xnfec&&ve larvae from egge passed io
| faﬁﬁﬁs onto the pa&%ur@ were first.recﬁvew@d from the ha*hage

come 8 4o 10° weeks after faecal deposition. However, the
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rassons o this delay do uod appear to have beon dnvegtigated.

The Idmitatlions of Blonomic Studies

Rogers sud Sommerville (1963) bave drawn atiention to
bhe difficulties associntod with lavval survival studies. A
Failinre o measurs snuh'paramefers~a$ t@mperature, humidit
&ﬁﬂ rainfall, in the lmmediaba envxronme&& af the parasiie,
a@u¢ﬂ 1¥mau th& V&lue of the results to kho p&ncﬁ in which
ﬁiﬂ.ﬂﬁﬁﬁ FAMONT wWing ﬁarxaed oubs Also, @%rie {??b?) hﬂﬁ
pointed ﬁut ﬁhﬂﬁ ﬁhe“ acymann method of ERTON rowdng larvac
fram'y&étmﬁé aﬁﬁ émil Was not sabxufactawv &.criﬁiﬂiﬂm
of the &ﬁﬁliﬂéﬁiﬂm- o t&&a methoﬂ ig th&% there 'ﬁ(%ﬁviufﬁrm~
abi um o, the infoobivity mf the laerm fﬁ#a#eﬁﬁﬁg Duric (1?62)

-

ﬁ&?ﬁiﬁ‘ w¢bu.ﬁ.caﬂtavtu g has gmven gsome QVLﬂG% 2 which -

SUSELEE aa %nag PV Tvag weve less 1nﬂeuuxv¢ auﬁ tﬁ&b
mﬂﬁﬁhﬁlégy &ﬂd motility might be unreliableo eriiferla fox

assessing infectivity.

Guantitative ﬂﬁ&ﬂ?&ﬁ o5 bhe Availabiliﬁy”af fufective Eairvae

i Pastiaiid .

To overcome vhe difficulbies ouitlimed above, Toldborg
and Rubin (12%6) and Goldberg and Turckew (1958, 1963) in

Mopeyvinud, UsGdl. ﬁu@d onlves as indicatoryg of the avallability

N

of swichvatrongylid larvas.

Paeoes, coubtaining large numbers of eggs of the coummon

a3k

bovine gastyvointestinal nematodes, including Questertagsi,

were Lirgt spread over four or five equivalieul areas of
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pasture, One calf was grazed on each aven ab set inbervals
after plot contamination, After 14 or 20 days of grazing
thesa beat calv934WGr@ ﬁaken indoors for 3 weeks prioy Ho
autopsy. The numhpr of worms recovered fyrom the test calves
wasg uaeﬂ'mmfthagmain;iﬁQGx of;tha survival and infectivity
of the i&inhdétrungyii& nematodes tested, The resulis of .
spriog, swmmer avd au%umn~pasture cbntamiﬂatidnfaf.ﬁhe
zwiaiﬂ 1nﬂ1vﬂted that.

{a) the numbers of larvae whlch develnped fﬂllaw&ng
svmmar contamiaation declined shdrply two months
‘ﬂfter the 1nsL contaminatznn date“\‘ Eauv ol the
?GB.@ematcdé‘spﬂﬂleS-tested, 1nciuding Q.ostertagl,

',aﬂfvi?eﬂ;iin'rather small numbars,‘bmﬁh thoe heat
and dryness of summer and the cold of the following
winter.

{(z) the numbers of lLarvae which suxvived 2 and U months

pllowing spring contamination were considerably
higher than those recorded following summer coOfe
tamination. QO.0sbertagi was the one species vhich
survived ﬁhé lLongest period of time.

(¢) the mumbers of lawvae which developed Followiug
mabumn épntamiﬁ&tion'were:méximal 2 to 4 months
after contamination. 40.os%ertégi survived well
wnkdl April nr $he fnllowing Yeur.

In general ;erms, ‘the rate’ of decl¢ne of available

larvae was lowew in~ﬁhe.éxperiments'whia& were commenced
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in Ociteber than those begun in May or August,.

Throughout their series of experiments, the authovrs
were unabls to demdnstirate a correlation between the numbers
of larvae present on the pasturé and the nuvmber of worns
which h@éame”eﬁtéblished-in the test calves.

 Talldis and Donald (1964) have diséussed the-
%hégx&t&cai aspects af.larvai distribﬁtian ﬁn~§asﬁuré and
have gxasgnted a mathematical ﬁcdel fur future study.

T
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BUMMARY
A iidterature roviow of the bovine nomatode

U.osbortagi, has revealod that this parasite hasg a wide

geographical disteribubion and bthat it is well adapbed to
a wide range of envivoaments within the Lompoerateo zZones
of she wondd.

The iife ayele of D.oglertagi hos been shown o

e dlrect and it can be compleded within 4 to 5 wecks,
The molist Laccoail pat provides an ideal wmodium Lor the
hatohing of eggs and the development of hhwe free liviag
fivet and asecond stage lawvvae. The infective third stage
iarvas weibe found o be mﬂ?é réﬁiétanﬁ to heat, cold and
diynens thab the preinfective stages. Migfﬁtiua‘of»
iﬁ?@uﬁiﬁe lﬂrVa@*fwam‘ﬁhe faecal pat oﬁﬁa the npagture was
dayem&e&%lupaﬁ an\aﬁﬁéuaﬁﬁ ameun§ of moistvre,

| Pho degree of heald aud amomnt of wmoicture were the
magor detorminants %hich contrelled larval development and
agurvivals. Howover, thesse Factors have nob been thovoughly
stﬁ&ieﬁ under filold conditions so that the factors conw
vrolling the sige of larval populations on paogbuare ave nob
wall understeod,

'ﬁﬁse'ingeﬁﬁaﬂ by the bovine, lavvae undergo tuo

Farther moults in vthe gastric glands of thoe abomasum and
roach maburdly within 19 to 34 days.

A peolonged histotrophic phase bng beon nobed bub



15.

the reasens for the delay in larval development of

Q.Qstaxﬁagi have nob bean studied.
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MATERIALS AND METIHODS

1. EXPERIMENTAL ANIMALS

Tha weaving and maiuteunance of pavasite fige calveS.

Ayrshive bull calves, a Tew days plild, were purchased
feom Loval markots and wevre individually hous e in galvanised
son buts. The calves weve fed whole milk for the £irst
Four weocks alb .a rate of 1 piﬁf'éf milk per 10 ibs. Live
wﬁigmt¢ Fyrom tws‘wéeks of ‘age, small amovnbts of Calf Ueanoer
Peliobs, {British Oil and Cake Mills Lid., Renfrew, Scotiand)
and hay wore made nvamlable.--At four.weeks of age, the

calves B e ohis! WQmﬂQd on- to baif Wearicr Pe&latw with hay aud
water et nd 11b,, Wcakly welghing showed that a mcan grawth
rate of 1 1b. per day pex . galf was attxmﬂeﬂ un these f;ﬁmons;
'Tﬁe Aron hﬁia wera cleaned out weekly and the cd?voa beaéed
Guily wi%ﬁAa&&an straw. 4 regular examination failed B
show Ghe preseuce of any nematode egegs in the Taeces of
these animaise. The calves ranged fron & to 18 weeks of

age pricy bo their inclusion i an experimenia

Vodshiian nrocgdure

Dxperimental and hospitalised ficld cases were
yeighed at intervals of one week, Food and water wewe not
raﬁtx&vtwﬁ prior to- weighing which was carvied outb bebween

5 and 11 aan. on each occasion,
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PIELD INVESTIGATION PROCEDURE

outhreaks of parapitic gastroentewvitis in young
nattle wers ref@rfaﬁ by practising veteriunary suprgeons
Lo the Vaterinary Hospibal, Bearsden Roaid, Glasgows for
invesbigation. A visit was made to ecach farm énﬁ a tamrm
hisbory was obbained. Blood and faecal sanples were
collected fow 1éﬁnrat0ry.examinatian.‘ Wioere pessible, ouno
ay mors of the aflfecbed aaimalé were purshaged from sach
@nfhﬁ@ak and transported bo the hospital Lfow fuxrbtber clinlcal
ﬁﬁr ﬁubsequeﬁt'yas%»martem'examihationg =Fﬁiiﬂ# np;visits

ware made Lo each fapm en various occasiouse

S PR :mmm*mm(}mAL METHODS AND MATERIALS

Diowd sanples

Calves weéétblad from the Jjugulax vein and all animals
wowe haundled as quietly as pogsible to avoid excitement.
About 2 mle of blood was collected dnto a 7 mie Bijou bottle
containing a few crystals of the anti-coaguiant, disodium
ethyiencdiaminetetracetic acid (E.D.T.A,); The bobitle uwans
geatly shaken to dissolve the crystals.

Generally, the hg;matclogical examinntions wexrc
capried oub on the saue day as the blood sample was taken.
When this was not possible, the blood samples were stoved in
a vefrigerator ak 606 overnight and the estimationa wewe

carried out the following morning.
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Tho packed cell wvolume (P.g.v:) was determined by the micro-

hoemnboerit webhod used hy Fishex (1962}, Capiliary tubes

d¢ountaining the bhlood sample_weretsealeﬁ at one end and were

ﬁ@ﬂ&yifﬁgeﬁ at 12,000 g for 6 minutes in & Micwo~haematoorit

g@ﬂﬁriﬁhge (ﬁawksley.& Sons Ltd.,.Landcﬁ?,Eﬁgiand}ﬁ. The

@@rcénﬁage-gﬁqﬁéd'c@liﬁvmluﬁe.wa§~qaﬁermiﬁed freom aiﬁawksley
L

Hiowoe-hae smiadocrit Reader.

 Haowogliobhin concentrati@n,(Hb:canc.).waa cobimated by the

Q*y—ﬁpmmumiablu WGihod, Pacie (19 38)e A pme dm 200 dilubion
"af‘hieﬁd wag prepared in & o.oh per cent solubtion of amnonium
hydvamwﬂ“. &ftow Lhorough mix1n$, the. amuuﬁ% af light
ahaurptmmm'of tbc maluixan WS detcrn;nm ‘at 540 mu in an DEL
caiaymmeter-(Fvanm Elpctraselanlum Lad., Harvlow, SsgeXy
England) using a‘625‘green filter

?atai;réﬁ3blbﬂd cell counts (R.BiC{) were mada using an

glegbronic Lnuloev GGHRLE& (Couléer BElectronics Lid, Dunstable,
Boedo., Dugland} by bhe method of Weide, Twapy Wéaver and
Lagace {1962): Resultbs vere expressed oo m'jjiﬂﬂdmél cells
per cubic millimetar and tho repeatabiiit# of this mathoﬂ was

fonnd bo boe 5 pew cenL o less.

The Mean pell volume (M.C.V.) was calenlated Lvom tho foxmulas

PaolloaVa o oy o] +
fgﬁiﬁ:. x 30 vcubic 2@0&@%&
',Lakewi Hhe Mean. cel1 hdamuglobin concﬂatxm& {W.G h.ﬁ } was

aaicwlmﬁaﬂ fwam iha FQWmuia,

T conc, . in GMs per 100 mi blonﬁ - per conie
P.G.V. , R
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he BIOCHEMICAL METHODS AND MATEGIALS

Serun anﬂ

fasma gsanplos

Two samples,each of about 15 ml. of Jjugulaxr blood
were collocted into two Uhmverﬁal bottles, one of wihrich
ontained 2 te'3]dréps of a 1 ¢ 1,@00-solutinn of hoparin,
The heparinised sample'waé centrifuged at room temperature
for EQ minutes at 2,000 R,P.M. in a super minor centrifuge
(Measurinﬁ. and Scientific Equipment Lid. London, England).
The plasma was thﬂn.pipatted 1ntn 7 ml Bijou botties which
‘wers stored at —J'G.

Serum was collected from the clobibed sample which
ﬁadigepératedxavarﬁight aﬁ room temperaturc,

Plagsua pepsinogen estimation

Phe method of Bdwards, Jepson angd wdad (19G60) was
used except that Bovine Crystalline Albumin { Armour |
Pharmaccubical Co.Ltd., Bastbourne, Englsnd) was substituted
For the human plasma substrate. A phenol standaxrd was pre-
pared by dissolving 1 gm crystalline phenol in 1 litre
distilled water. Phensl standards were set up with éach
estimation and by calculation the peptic activity was expressed,
as micrn gms of phenol per ml plasma pexr 2l nours at 37°C.

Total soxim

protein concentration
Phe tobtal serum protein concentration was estimated
by the ﬁiﬁfet method, Weichselbaum (19#6). Roadings from

the EEL colorimeter were vead off a graph which had boen
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calibrated with a standard serum of known total nitrogen
gontent. The results were expressed as gm por 100 ml serum
{am pew cont).

Determination of the albummn/globul;n rabilo

jeﬂtraphur@sms of the serum was caryricd ould using
barhumw buffer (veronal bufi‘er) at pli 8.6 fox 12 hours
and Whatman MM 3cm electrophuresis pape (W. and R.Balston
Lbtd,, London, Eng;anﬁ). The ‘volume of aewum usad was 0.006 -
iy applied with a'atandard applicator, After drying at
Tﬁﬁbﬂ for 10 minutes the 3trips were sta&nﬁd in 1 percent
bramughenol blue and then washed clear with 2 perceni acetic .
'vaalﬁ.\ The alhuminwglobulin ratios were determined by elution
Cof the hnund dye aacording to the method described by
Jennings gnd Mulligan (1953).

Determination of gastric pH

| As aoeﬁ as a sample of.abomasal contents was collected,
the pil was determined at room temperaturc uging an Expanded
Seale pH motor (Beﬁkman Instruments Lid., Glenrothes, Scotland)
fittod with micro glass electrodes. Thae sample was then
contrifuged at 20,000 g for 20 minutes., The pil of the super-
natant wag determined again but no significant diffevence from
t&e‘iﬁitiai measurementEQas noted,

Bstlmation of gastric elscirolytes, Na, K, G

Sodiun aaﬁggutgssiﬁy concentration,

Sodium and potassium concentrations were detormined oun the
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conbrifused samples and were estimated hy the flane photo=-

DescRIae s
e pti A Y 4% Varley (1958), using an BEL flawe

mo boyr method
photometer (ﬁvana'ﬁlenﬁwaselmnium Ltd., Hmwiawg ilpses,
fﬂﬂRaﬁd),

Shla?nde iﬂﬁb@ﬂtrﬁtlcﬂ :

Ghlaride inn cancentratmon of the centrifuged aamnles
was ostimated by the mercuric nitrate titration method of

Sehales and Schales (1941).

‘5. AUTOPSY PROCEDURE |

| ,bl‘mghter
' S AmL animdls to’ he autopsxed were starved for 24 bours
'priar bo aiaubhtar althcu§h, during this tima, they had free
‘accesa to water._ The anmmals were shot withh a captive bolt
and blod oub. After reflecting the abdominal skin, the
ahdﬂmeﬂ»was opened and the ﬁho;e gastrointestinal tract was
rempved. A& fall pathological examinatibn of each aﬁimai was
carriod ont in collaboxaiion with‘Mr. JD.8e Ritcohie.
Abouagiin | |

The abomasum, ovwasum and 12 to 18 inches of the
duodenumn were separated fxom the rest of the viscera, cave
being taken not to lose their contents, After separation
from the pmasun, the AbONASHA WaS 6pened inmediately along
the greater curvature and a sample of contents was taken
dinto 1 ow 2 Undversal bottles for pil and eloctrolyte detor-

minations. The abomasal contents were eolliected into a



bu&ka%‘aﬂﬁ the abomasal mucosa was geniliy hosed to romove
the larver picces of iangesta., The mucosa was not handled
ua#il nigkolpgical blocks had been taken. A description of
tha grvﬁs iesinna was noted then the abomasal mucosa was
tharnngkiy wash&d, the tobal washings were made up to

‘& l&trbm mnd, usmng a zﬂa ml measure, btuo samples wevre taken
‘Q§$a$  'thnraugh'flgura nf emght_mixing. Bach sauple was
pweserveé ulth 2 ta 3 ml nf undilutaﬂ fgruqian. Fox histow-
'lu sical quminmtzaﬂ aeveral blocks of tisaue were selected

Eram typiﬁﬁl 1esions ia t&e fundic, pyluric and duudeaul

rggg.\ Thaae were fixad in 10 per eent farmalin oxr aarrasivé

fﬁf&dl' pra&asaeﬁ thrcugh a‘routlne paraff;n ambedding PYO~
neduya and . staﬁned thh hwematoxylxn Eaﬁin.ﬁ~ 4
Suall Inﬁestﬁnas‘

The‘smnll intestines of the field vcases wera.segératedJ
from the omentum and divided into approximaiely three equal
iﬁmgthag. Bach length was ovpened and washed undexn runnznw
waber inte a buckeb, The volume was made up to Lk Litres and

singie sauple of 200 wl was taken as akioves

Dipestion techniguo

Phe abomasum was divided transvevsely at the pyloric
fundic Junction and,‘toggther with a 2 Toot loungith of ducdenum,
the. whele. mudosa of each part was scraped off, chopped finely
axd puh into separate K&lﬂer or i-1b heney Jjars. The welght

]

of the mﬁeasa was recorded. The nucosa was digésied by the
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method desoribed by Horlich (1956). A pepsin solubion was
proparod by addiag 10 gu of 132500 pepsin powder (British
Druy Houses Lid., Pooley Pevset, Bogland) to 600 miles of
water and neidifying wibth 12 ml of concentrvated HCL acids
This yapéim smlutian-waé.added to the mucosa aﬁ a rate of
2 te % ml pew em of mucosa.

- Bim hours of dmgestién at 41 C was sufficient to -
réduaé the“muca;a to a fine granular.acate. Tiis degree
_af digestion haﬁ‘litﬁlg*affaét upon;thg'iarvalfStages;

The reagtion was s#apﬁe& by thé aﬁditiaﬁ of a Few mi of
undi;ute& Tormalin. Thé digestﬁfwere madé‘up to h-litras,
mi#ed‘thﬁﬁﬁugnly;aﬁd a 2060 mixéémple'w&s ﬁ&@ﬁn faericraﬁ

scople examinaticn.

"6+ PARASITOLOGICAYL METHODS AND MATERIALS

Larval galiure

The osriginal culbure of 0.asterﬁawi WAL auppliad by

Mr.ds Armour, formerly of Cooper, McDougall and Robexrtson,
Boevkhamnstead, Euglaﬁd. _Twu parasite free calves were used
ap culitwre calves and these were dosed wi il %GﬁﬁSQD mobile,
3ﬁ&iﬁ§agaiﬁxadﬁartagi larvae. Eggs appeared in tho faecas
18 and 21 days after daainé ﬁna, when the faacql egg count
roached %00 eggs per gm oy greater, a harness and collecting
bag was fitbed to cach calf and a 24 hour cﬂll&etion of |
faeces was made.

The faeces were mixed with dry, sterile, sphagnum moss
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enbil a woist, cruwbly mizture was obtained. This wixture
was iﬂuaely packed into I~1ib. honey jawrs and thie 1id aoroewed
doun. Tho jovs were storved in the davk, afthes in o cupboard
aAND arTER 2 Te 25 DAYS

at poom bompevabure ab whteh bimes Jwd stage Cepoleriant
larv&e*ﬁﬁwa presenty

A modificed Bacvmana technigque was used o recover the
1asvrac . _?h@ Jors were £illed with lukowarm bap uwalter and
aillowed #o stand without lids for ome hour in diffuse Light.
The Jjows were thon invertéd into Petri dishes and alftew
standing Lfor %Atélé hours all the fluid wag collected inte
huckebs. Larvae remaining. on the bottom of the Peiri dish
WeRE Wash@ﬁ-uff,wiﬁ& clean water.  The oculture medivm was
discarded,  The fiuid was passed throughilwe sieves, one
placed Q&\ﬁapLQf-tﬁé other. The top’siavﬁ-(10&-meshes per
ineh) was covered with a single layer of milk Pilter pad
{Cl@ﬁérieaf’Lﬁd;) to vebain the coarse material. & small
nupbor of larvae passed through %he top siove but were
%raygmd in the double layer of milk filetor placed ou the
hotion Sievc‘(hﬁﬁ mesﬁes pex inéh). The coelouring matter
was washed out with clean tap water. The two bottom millk
Pilters weve vomnoved and invérted over the millk fiiliter on
the 100 meosh sieve, which was then set up in o Bacrmann
appavatius. The larvae collected were all motile and

relabively free from foveigu matler.

Tk was possiblo to recover large numbewrs of laxrvae,
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ofton millions,; by this toeshnlques ALl laxvac wewe shored
in Roux Clasks ab ab&ut 6%C and viabilitys as judgod by good
motiidty s was maintained for at least §. months at this Uowpoer-

atburo,

Larval sounting tochnique

Tarval collcotions were bulked, put inte fiasks of 2
o 5 liﬁwavaapaﬁiﬁy aund the volume adjusted to give a lavval

Qﬁ?@&*t*iﬁéﬁﬂ of aboulb 1,000 per mil., Qeositeptagi larvac

taﬁﬁ@ﬂ Lw Fforvs cluaps, so0 that. 1t was neseﬂsary to thgraughly
mix bg shs Kin& to keen the. suspensxan apitated” thmauvhaut -the
sampling procedure,

-mlmﬁie af 0.025. ml wera dropged o, Lo mlcrasnamc
slides by means of a 0.023 autozero pipetie (ﬁ.Jerlxiatt LEd.
ﬁlamargamshiwa; Wales), and were counted uudex ithoe 20 times
obdective of a progecticn microscope (Projectine Lide,
Heorugberg, Switzerland) .

Proparation of doses and administration to opiveg

Poges for infection were measured out by weans of
measuring cylinders and pipettes. The doses were gsedimented
éverﬂighﬁ in £he refrigerator at 6“6; encess inld was coye-
fally removed with a suctlon pump and then the small voelume
vemaining was £ilteved through a 5 om Whatoants No, 1 £ilter
PADe .

Tha ilber papers were folded and @alﬁﬁé were dosed

sith the aid of a balling tube, making sure that the anima£
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swallowed the filter paper.

?apea& IR aauntinﬂ technique

All Pacces oxemined weore freshly taken vectal samples.
4 modified McMaster techmique was used, Gordou and Whitlock
{1939}, Three grama of Ffaeces were weighed out and mixed
with 42 mi water by meaus of a top drive macerator. The
homogenised aample was thon passed through a sieve {60 meshes
y@w inch) amd-a 15 ml sample of the filtraﬁa was centrifuged
for 2 minuites at 2,000 R.,P.M. The supernatant was poured off
and remﬁiﬂing material re-suspended in saturated Nall
&ﬁiutiﬁﬁ. Both chambers of the special Ncﬁaéﬁgy'Wnrm Beg
annting‘siida-(Ailén and Hanbury'Ltd;, Ware, Englénd) uere
fitled, The average number of eggs per chamber was muitiplied
by 100 tm give the number of eggs pexr gam (e.p.g.)A |

xu SOme field cases where Fasaioixdsiﬁ was suaﬁeuted,

saturatod ZnS0y replaced saturated NaCl o detect the eggs of

Pageiolo hopatica.

Torn gounting technigue

Po the 200 ml samples of abomasal oud iuntestinal cone
ponts, o few ml of strong iodine solution was added,. After
thoroughly mixing the 200 ml. sample, by bubbling aix through
it, a 10 mi sbtraight pipette, ﬁhich had beon sawn off at the
8 ml wmark, was used to measure out ) ml sanples iwvito a long
counting dish,

- Phe counting dish, made of perspex, measured 19 ci

Long by BY om wide by % om deep. Counts of worms were wade
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with the 10 timesvéhjective of the projection microscope.
A few drops of saturdated sodium thxosuiph&te solution
decolonrised the excess iedine and only the wormg remained
atoined. This was an aid to identification and facilitatbed
counnbing. |

Prom the 200 mi. sSanple 5 ml, samples weroe taken
padil 100 worms had been counted. When very Low numbers of
worng voepre presenb, ten counts of 5 ml, wavre made from each
200 ml,'saﬁﬁie. Tha'average?number-of'warma per 5 wml,
gampie was caleculated andJmultiplied byuﬁﬁé te give the
§a¢n%,gumber uf woyms in the original & Litpe wolume

Idanbmfxaﬁimon and ﬂifferentlatmon S

Th@ ﬂesariptxansox Ransom (19%1), Douvres (1956, 1957)
wore uaud ta idontily spacmes and’ dmff&%ent&ate the morpham
geunic ptages of the sevgrﬂi nematode speaies fuuuﬂt.

Menguremand of Q.osterbasl

Third and fourth stage G.OStertagi'larkae.tead to
sema i phtralght wien formalised and thosd wore measured
dirveckly on the graduated glass window of the proejection
mi&raﬁcﬁgagv The 20 simes objective was used and the measure-
ment dn millimebers or microns was caloulabed.

Pifth staze larvae and adult Q.ostertagd, especially
nalos, were very often coiled and this made direct measure-
went impessible.s A planimetric method was used. An outline
of the iﬁ«wa of tho worm-on the glass wmuﬁaw of the projection

microgoops was trahad onto thin white pmwpr Using a woad
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map wileage calculater and a calibrated gseele, lhe measurew
ment of worms ab 20 times magnification was determined and

shese measurements weve converted into milliweters,

.....
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PAGT 4 - A DEVISY OF PREVIOUSLY REPOHIDD
OUTBREAKS._OF BOVINE OSTERTAGIASES

Abomasal pavasitos of the genexrn Hagmonchus,

Oubertamia end Ixichostrengyius and the intestinal parasites,
Copporig aud ﬂesaphagsétoéum areAeunsiﬂerﬁﬁ to bho major
pathogons assosliabed with clinical bovine pavagitic gastro~
enberdtis. Despite the Lfact ﬁhat parasitic gasbroenteritis
o young bovines is commpgn in the expericuce of vetexrinartans
and Farmers alike, it is surprising that go Little imformallon

on this subject ils avallablo.

dncidenca of the parasite 0.ostertagi

The genus Ostertagin has a world wide disiribublon

Skyabjin (1?5&)_am6~iﬂ some areas the incidence of the
‘.paraéitéiin cattle:ﬁaﬁulﬁﬁiens hasybeenfﬁatcrmiﬁaﬁ. Roberits
'(39??) Found ﬁhaﬁ-?zxzvpaf'cent of 237 appavenlly healthy
aaﬁ$1® $£.%a£yi§g'agé, staughtered iﬁ a Gueenasiand abatvtolr
WEHTO smfecbed with O, osbertagi. Of those the majordty,
Ya4H pow G@mﬁ,,&aﬁ less than 1,603 woris, a fardther 25 por
sont hod 1,000 to 5,000 and only 2.2 per cent were infected
with numbors bobtwoon $,000 and 7,500. A4 siluiiax btype of
study was cavried oul iun South Lastern Ul.S.A« by Portex
{1942)s av 7h ybung bovines aged betweon 1 and 1§ mouihs
e feund bhak @snﬁtartagi was present in small fo wmoederate
mumbers (5 to 4,000), in 74 per cent of these animals.

Beil {(i957), in a slaughterhouse survey of 189G catitlic from
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shiree areas in Ngrth Caveliina, showed that Q.ostevtagd

"

Indaat ?ﬁ La 80 pew cmnh of all cabttle, iu muwbers averaging
about 2,000. Hove yomrmlﬁga than adulés ow caivea Wore i
Pocbed with heavy panuLabianq;

Anabther abawnvmr unrvay of 29 cabtf39 ¢ to 18 months
'af'awag HNas cavrmvﬂ out in the cnastal p&ﬂﬁn r@pion of Geargia,
U,Q.A.* by ﬁea!lunﬂ (195%); ‘the rasulﬁﬂ Were simiiar to those
@n ?aftvﬁ (19&”) in thaa Fi per cant af Lﬂa wmmmaiﬁ wafe
sﬁxeebﬁd ﬂ&th O.ogtertaqa, the numbers ofF worms rang&ng between
‘5 E‘i"id 88 f}g

Rﬂﬁﬂl&ﬁ from a swmple of 30 abomasa ekxamined at an

1ﬁt ﬂa¢$ﬁ'y WOrms nﬁr lesions were pr@sent iﬁ 1 ﬁf the

,ahem VBE ¥ Ewaw %hgu snves imgation 1t wws ﬁul egteé thﬁt firom
§,Gﬁﬁ ﬁa ?S,OGO ﬁﬁnertag a were requirgd H0 praducé nilg
aéﬁmasai ¢h3n@¢; whereaa a numbar gre&&a& thinn - 25,000 prow
ﬁ@ce. movewg abomasal damage.

The heaﬁanai iacidence af‘ﬁ.esteWﬁaww infection,
ba%me@a ﬁarnh 1063 and %ebruary, 96#,fwus nosesped by Ross
£1965) whoe collected 1b0m&sn and abomaﬁai sonbents fvom 189
eattie aged & months ﬁan TYeArs at a knachkery in Nowthern
"w@lang, The cause of death of these amém&la was noat detor-
mined bub Bh‘yar aent of them had abomasal lesionss 16 pox
cent had high warm hurdens which, according Lo the aushor,
wore hikely to hﬁ aaaaem&ﬁea with elinical uvateritagiasis.

Doals nunbers of Q.ostertagi (10,000 to 20,000} were observed

twice durdng the year, the worm populatinn of the aubumm peak
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showed a preponderance of adult papasites whereas that of
the wintey pank, was mainly composed of immaturm stoges.
Befnra the wintey peak and in the early spring, worn burdens
consisted of equal numbersmofiimmature and mature stages,
Parasite ﬂumbers were low during the sumner (g,ﬂoa to 9,000)

and vevy few were iwmature.

‘Thao. auuurwenue Qi ei;nlcal bovine osherbﬂgiwsz

. Tha ocourrence of clznlcal parasibic gasiroenieritis
' affeamam@ bovines has not been datermluuﬂ in any geoprapiie-
ical aros. Lpizootics of elinical dzseasa pr¢mar&1y caused
py{&.oébertggi hava beau,rgported_sparad;wally, and most of
‘%heﬁe-eceﬁrréﬁjeith&r iﬁ;ﬁorth.Ameriéalaf in Britain. It
is proposced to dia#ﬁss sepérately fhe disaasé‘as it haé been
abéerved in these'ﬁﬁn regions.,

Ostortagiagis in Norih Amexica

Reports of epizootic gastrointestinal parasitisa
paused by Ostertagia spp. affecting cattle ia the U.é.A'g
have beam.produﬁed:by Stiles (1900); Ackexrt and Muldoon
{(1920); Baker (1937); Threlkeld and Bell (1950); Andrevs,
Sippel and Jones (1953)3 Bailey (1953 and 1954); Becklund
(1962) and in Canada by Smith and Jones {1962).

Androws gﬁwgga (1953), who worked in Georgia, U.S.4.,
révﬁfﬁeﬂ~that ﬂlihieal parasitism had increased during the
.r@rlaﬁ 195 Q to 1953 and that it accounted for 17 per cent
of the post mortem mater al presented to bhem, More recent

examinations made.in Georgin showed that between 1856 and
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1957 approximately 25 per ceunt of the catile reoceived for
autopsy bad suffered fyom clinical parasitism, Deckluad
{1o52). No atbenpt was made to determine accurately the
species or numbers of parasites invelved, but the zbove
anthors stressed the abscuce of large nuwmbers qf nenatode
eggs in the faeces of the majority of these cattle and con-

iudeﬁ that in SQ per cent of cases the faccal ogg COBNnE was
‘af as din ynostic value.

A eiinical and economic study of helminthiasis in
cabtlie ffﬁm Gaorgia was made by Becklund (1962); O.ogtertagi
was coﬁsidered tn be the moqt pathogeniﬂ parasite encountered.
The eeenum&c 1058 was ualculﬂted from the morbidity. murt%l—
ity.and ﬁhesnumbe:“ﬁf‘duthelmint;p medmumbienay which occurred
en 2h farms involving 8,000 cattle, and thiﬂ 1055 ranged from
.56 Ho. 39 &ﬁ dellars per farm- over a reLavaeLy short period
of a fou wmonths. A 9 per cent morhidlty-mcgaﬁmhed for a little
over a third of the entive cost of clinloal pavasitdsmi a
3.4 peor cent mortality almost twe thirds, while the cost of
treoatment wvas between 7 per cent and 8 per cemt of the total
cost. Thio assessment was considered very congervative because
furthor losses occurred after the survey period ended: there-
fore cosis for spocial feeding, involving additional labouxr
during the outbreak, were not included.

After copsidering the American veporits, it appears that

under thoir systems of cattle management, oubtbreaks of disease

fall into two main categories, namely asi
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(i) endemic cutbreaks which affect young cabile
L to 12 mombhs of age; and
(ii) guibreaks affecting mature catile, which have
béew brought dato endemic aveas frowm reglous
whero éﬂastértagi infection appears to be
negligible or absent.
In eithew casé, the clinical signs of the disease follow the
samne yaﬁt@rﬁw.
Sigas af-the~di$ease-first became apparent during the
Spﬁgum qnﬁ anns;uuad Wa?i 1nt0 the sonuer . ~L§éées; presﬁmably.
hy;&ﬁa &, of up to hﬁ par uent were reuordud lram some outw-

Moo,

ﬁﬁ&aﬁgr The reparbs aVallable, were from Gubbfeaks of disease
iﬁ;aﬁiﬁéls, which Qere~n0% housed during the winter, Unthrift-
iness, caused by loss of weight, aévere diasyvhoen (often with
signs ol dﬁhﬁdfaﬁion), emaciation and anacmia in some cases,
were bthe most frequentiy observed c¢linical churacterisbics

of the dizeasc. Submandibular and brisghket vedeoma were noled
in very severely affected animals. Tesuperabture, pulse rate
and raﬁnﬁwaigry rate woxe not altered in the maéugity of
cases, DEven seriously ill animals contlnued sating until
bhey died, but inappetence was common amnong affected cattle.
Thirgt uvas evident in those cases suffering fmnm severe
diarshoea, affeCteﬁ;aﬁimals survi#ed approximately a week
after the onset of diarrhoea., Weakness, emaciation, anaemia

and diavrhoea were terminal features of the disease.



SL Y

fubopsies were mavked by emaciation, anaemia and
dehydration were evidents The abomasal mucesa was pale,
swmaﬁimag-n@damatons and often completely soveved with grey-
ish uhite nadulés;zvafyiﬂg in gize from a pinhead o & pea.
Thosc nodules Gt.p@gtﬁlgggwere superficial and easily
rupturéﬂ»whan squeezed, Erosion, of the mucosa was another
congbant faatére.

Bailey (1953) gives a brief description of the bisto-
.pgthaiﬁgy,_zﬁa@y:af-the glandular exrypbs weve dilated aud
tértﬁhaé-amd ﬁhesa contained developing sitages of the
para&iﬁa‘;_Gth@r~§lands-were empty or gpnvained deﬁris waich
' ¢hnéié£e§}?fi§¢i§al1y.of pbiynuclear'ﬁnﬁ mopenusiear leuwoo-
cyces and n@crbtigléells@ Scattered glands were lined by
unageéialiséd epithelial cells, which wewe colungar, cuboidal
o flatboned in forme.. Tho smali pustules anoted grooslys
appeared aé micro-abscesses in the lamina propria and in gome
socbions the menains of dead pavasites could be seon. Thore
was a modevate ampunt of cell infilitration which coungisted
mainiy of heterophil granulocytes and large monounucleoar cells.
Marked oedema of the submucosa was also present Liu S0me CaSes.

Vexy large numbers of Q.ostertagi were found at post
morton examination; where estimates of these nuwmbers wers
given, figures of 30,000 to 62,000 and of 100,000 to 1,000,000
ﬂeaé%erﬁaﬁi were said to have been'recuverad from yearliings

and mature cattle vespectively. DMost of the paraaites were
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Found free in bthe luminal contents: some wewre seen probruding
fpom Ghe nodnlen,  In adult catile 4t wes fregueundly found

"

that high percentages of the total worm bhurden were immature

paragites. These lmmature stages werse rocoverast from pepsin -

hvdrachloric seid digests of the abomassl smcosa.
At : : .

Oaterbaglasis in Britain

2,

gmrdener {(1911) reported pavasitic gasbritis in young

2,

catble from diffevcont localities in South Bastern England
durding tho years 19@? aﬂd~1909. In thnggfﬁh,mf'Englané
Cparasitic gastriﬁié in;bﬁvinés,was gxceaﬁiﬁgl&;pWQVaienﬁ
uring 1940 an6539h1‘(sﬁeﬁar§ and Crefﬁdﬁ 3951); Phose oub-
\b&ﬁakﬁ-w@re‘mos% cammnnly~in winter and eariy spring when .
YOURE éaﬁﬁié, 1 totg yvears old, showed diaxvhoea,; wasting and
anacmia.  Da some districts up to 50 pex cent of the young
cothle were affected and of that Digure up bo $0 per cent
died. Tho greatest number of losses werce seon during the
winber months whoen the cattle were stall Led on @ vory low
plane of nutrdibtion. Several species of parasite were found
but the ansbors ativibubed the pathogenielity te Trdchosirongylus
axel which measured 2.5 to 4.2 mme in Ilength, The abomasal
mreosy was marvkedly thickend, roughened and inflamed, VWorm
gounts, micosal digeét& and histopathological cxaminations
were not carried oub on these cases.

Brufoerd and Tincham (1945) were of the opinion thaib,

i 1945, advanced clinical parasitic gaslbroedberitis uas not

widespread among calves or young cattle iw Britain, although
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many Lowas bad & proporbion of wnbhrifty andwnals. The log
ponabode ogg covats fouxnd by these workers woi'a abbwibutoed
to aubolistesl dafestion and toey consddorsd colals SVEP

b ¥

600 cpms por growm bu be ussociated with heavy tafastion.
Those woerhsrs }’.S‘.I.C‘i:f et a phensthiazing toial Lovelvissg
Powty O Lo 12 monbtbs old beof catile, aad dwilug bhho beial,
ciiniand §;£~.xﬁ¢c snatvosaterd tis was fiest oson 5 woeks
after bolng put'ﬁﬁ.ﬁﬁ cid permanent pasture. Seven of Bue
animals dﬁaﬂ;baﬁv“uu %ﬁgﬂﬁ?'ﬂnﬁ Novemboy and wowrn couands
steria

vovenled 19,000 btn 390,600 Lo agl “Rd e d ?ﬁﬂﬂwfﬁﬂﬁyi o
i/ g ¥

Girfley MY %ﬁ §Q@§¢r~$émt of which wére.iﬁ e immaﬁgrm BORE2S
ol developsonts

mawvay~ﬁﬁ"iivasﬁack digeases was eapcited oud i
Nowblman Tpol tand during 1954 and l)) éy Gencoy (1560).
Bhe 2-opus sent bodal wmanbality in heifé#w ATl BHOONG .

o |

parnsivie gaaﬁﬁga&wﬁr; tis accounted for & peor cend ofF Sheno
dontls with anobtheyr 5 poy cent due to enlordiis of nugpooiiied

vebiology. Mosh Losges securred during the wonbdhs of July,
August, Ootober and Novowbel.

Tueing ke gpying and eardy sumsde of - 1966, tou oube
Lenats of sovere cohromnle dgiarrhoea and ennglabion, alfeeiing
1218 months old deiry catile on farms in bhe Vet and South
p¥ Seotinnd, were investlgated by Martiv, Fhomas and Uegubart
4'§ﬁ}w PTho satsbtanding feature ol those oulbbreasks was what

She anlualn were pp cently hna&t%y whesn housed in dhe

Novamnbor to Decowber periocd and thmt‘z o 0 wooks Lobter, .
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severe diarvhoea and weight loss was cbsewved, Mild aunaemia
and marked hypoproteinaenia was noted. Fosd morbom revagaled

that large namhwrug ifﬁﬂ 20,000 to 250,000 of G.osbextagi

WOLE raagaar&& fram thu abamasama up Lo 6@_@@@ »Gnt of the
tobal wokm auyaen Was prasent in tae immaturd sdages of
é@@ﬁi&pméata A detailed description of ihe gross and histo-
aaahﬁiagiaﬂ& uhﬁﬁ aa of the qbamasal wmuepsa wos glven. The
autﬁq@s miated that the disease was nat gonfined to the South
West of Wﬁ&&idﬁd begausé smmllax ai;nmma@;h&s%griegﬁaﬁdf
‘QﬁﬁmﬁWﬁEFﬂ“h%imans‘w§re fécéivedvframfﬁﬁhﬁx'gértﬁséfScaﬁiand
'janﬂ Lngiamﬁ dar¢ng tha yari&d. -
ﬁamaraiiyg thasa reparts zndmcat& that@ 1n Brmta
ga@vnxﬁ&e gaa»raentermtis a:fects only youwag @aﬁtle up to
2 yeavs of age, thah igsses from the cianiaai disease are
more commonly associated wiih housed cattle and that the pre-—
dominant speeies of @araai#e is Qe,ostertamiae

i the

Fagtors consider :
apizooticlogy of O. ﬁstertaﬁ Iufectiong

Gaes wisbories ftaken by the American aunthors, while
investigating outbreaks of clinical discase, and facts gained
Lxom Gﬁl soobliologicel studies in Georgia indiecate ﬁhqt nertain

management prmbtleas favour the devglowm b ﬁﬂ thie Qiinléﬁl

M‘a

Fu A

Oyveroerowding and overg ramxnr of vaﬁm?ﬁ e small arcas
Qf*gaatmregwar@Vﬁﬁn such factors which hﬁva roceived speeific

abtbention.
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On 10 Ffarms, investigated by Andrews g al {1953},
the sole source of drinking water was pouds, aund pasbures
avound those had a high degree of faecal comfbamination, 0n-
farms investigated by Becklund (1962), the majarity of the
cattle had been maintained on the same pasgture for many
months or several yeavs at a stocking rate of ome animal
to two avraes. Bmth of these authors comsidered that overw
shocking and a&érgrazingwwere important imn the development
of clinical diseasc.

T Georgia, U.S.4., a series of investlgations was
carried ouwt over a period of 11 years by Clordia aud his
QOQwsrkers, with: the aim of understanding bthe inter
‘pelaticaship betwéen grawing management, nubritional level,
cli&akewand &é rae of par451tlsm resultmng f%am thasa

bﬁrw;% Glurdla, -Bi azell, Vegora; Bazrd, McCampbeLl and
Sell (1962a); Ciordia, Bizzell, Baird, McCampbell, Vegors
and Sell {(1962b) and Ciordia; Bizzell, Baird, McCampbell
and White (1964),

Barlier, Vegors, Sell, Baird and Stewart (19353)
gramed groups of naturally infected yveariing Herelord Steers
on thiree different #ypes of winter pasture, This pasture
nad not been grazed for the previous two years and was con=-
sidered to be Womm frees The main conclusions of +this stbudy
weres

{a) that the better nutritive value of some pastures

protected the yearlings against the effects of
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parasitism but did not reduce the pavasitbe
populatious as Jjudged by pust mordtem worm counts;
(h) that oupplementary feeding of yearlings with
bréiged maize vosulted in the establisbhment of
fowexr yarasitaé when compared with yeaxlings
whose diet was not supplemented. Slmdlar findw

ings were veporied by Ciovdia ob_al (1963%); and

o
o
i

that Ghe difference between the malze fed and
nonw-maize Fod groups was asscciated with a
épécific effect of maize feeding wather thon
with a higher plane of nutriition.

With regard bto the latter point, it is intevesting to
nobe the studles nf.CiQméia‘and Bigzzell {3963} in waich it
was shown that grain fecoding had a markeﬂ~ﬂépressiv& effec£

on the nuwmber of TriehestronﬁY1us axel REEs swhrich developed

b f&aa&llmultuféx

Tn the experience of Vegors gk ai (195&},,§;pstmrtagi
was tho parasite most cosmmonly found at pest mortem examina-
tion and diarrbeca and emaciation were recorded in sone groups.

Their reliance on monthly nematode egg sounts from an
uaspecified nuwber of animals and the meagre post merten
information, 2 or 3 animals from each graﬁy; detracts Lrom
the vaiie of these authors’ conclusions.

A similar experimental design was used by Ciordin and

nis comporkers to evaluate the specific efVect on the degree
of parasitism which resulted in groups of Hereford steers
maintained:



%0.

(2) at various stocking ratess
(b} on pastures of diffevent composiiion and
outritive value; and

{(e) under a system of robtational grazing.
No definite comnclusions resulted from this worl because the
graﬁs:vmriation.betwaen seasons in difforent yoars, togathor
thh the smail gruup sine used,_tended o chsours any ronl
affﬂat between groups given different ireatwmente.

Houwover, an interesting discussivn of the probiomns
associated with this type of investigation has heen pre«
sénted by Ciordia et al (1962a). In particular, the
\obaafvatibﬂsséf-§mith (1959) are cited as being weleveni in
fuatg when herbabe is auawt and scarceg cattie apend more
,t&me gramiﬂw an& gr&za Dver a larger aren. Yo, consume the
raguired amount of fead._ On pastures which have a high
layval pﬁntamxna%ion increased numbers of larvae weuld be
ingeﬁt&§¢ On tho other hand, it has bggn_shawn *h%*;sﬁﬁ??,.,
pmsﬁuxa exposes larvae to adverse climatic cunditions which
resukt in & higher larval mortality (Beil, Galwvin and Turk,

19603 Durie, 1962).
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DOVINE PARASITIC GAGTROENTER
YEST SCOTLAND.

ITIS IN SOUTH~

INTRODUCTION

Pailowing a genorval cousideration of whe reports whilch
doscribo ehzooiic bowine ostertagiasis dn Britain and Nowih
Amapion, 4t can h@AG#ﬁﬁluﬁEd'thﬁt‘iﬂ thease weglous alb least a
ladge puwgamﬁa*a nf the catt Le populaticn are infected with

Osteriagia pstertagd aﬁﬂ thaﬁ in some yvesrs this parasite

éaus&a-é&saaaa which seriously afféaﬁa h@&f and daivy peooduc-
vion. e o
. The veports describe the blinical ayﬁﬁwﬁmeg,r&aarﬁ the

the di*?&uulty in makimg &iagnosis and in wgwqyamg Gfﬁﬁ@&iVe'l
{tr&aﬂmeﬂﬁ¢ Bmawnaati@a?iy tha difficulﬁ&as arigse from three
main |ourcas, namalyg {1) that the Qliﬂibdi signs of diavvhoea,
logs of weight and &llthﬁifg are not charadcberistic and a

showrod by n number of disease ayndromes, (2) that olinically
affoctod animmls freguendtly show low newatede agg counis in
thnier faeoen despibte the presoence of laprge aumbers of
narasites and (3) that the disease can appesar in houscd cattle
at = bime when larval ingestion is unlikely. As yet dupwroved
diagnnetic procedures are net availables

During the study of the outbreaks reporied, iittle

attention had been dirccted towards making an estimate of the

winimun nwnber of (,pstertagi necessary to produse clinical
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digease in cattle or btowavds assessing the effectsof clinical
‘infoctions on thoe hest.

Large numbers of dumature parasites have beeu recovded
from aniwpals antopsied during outbreaks of bovime GEaion-
tagiaasis bub, apart from gpeculation, the evidence ig meagre
rogarding the sigﬁificaﬁaefof thesa»étageﬁ in velation to the
agiaastial@gy and_ﬁﬁ%hbganeSiS“of fne«disease;

Xu o bhis séoﬁinn«bf the the$is§ the resnits arve given
ﬂ& Qamn #ﬁ?&&tigﬂﬁlﬂﬂ ;ntu the nature and causen oi bovine
axrwmiﬁ : gastraenterltir in the 80uth~WG5$ i Scotland. The
ohjoot of this field study was to define more clearly bhu
‘éxs@aae 'ﬁr BE . as seern in bha field amd t@ aABses a the

s%gn f*raﬁa» of - tho 1nhxb¢tbd larval s%nmes.

MATERIALS AND METHODS

?rome&afaiiﬂ outbreaks

Guthréaka pf parasitic gastroentevitis in youug daixry
catile weve wreported to the Médicine Depuetment,; University
of Gla$QQW‘Vateriﬁary Hospital by vaterinary surgeons pracbis-
ing in South~west Scotland. All affected favms wewre wigited
and n detailled bistory nbiainédvfrum the farmexs. Whore
possible, affected animals were. purchaaed and bospitaliscd
for datailed exammn&tian prior to autopsy. En sone aaﬁbreaks,
animals which were not clinically affectcﬁ and which bad =

graﬁiﬂg h&story ammiiar to affected ones were &150 purchased.
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A sunmnary of calf husbandry in South~West Scotiand

In the South-west of Scotland calves are born from
Autumn ouwards: to the early Spring, reared indoors until they
are Iy to 6 months old and are first put out to graze early in
Mavy. usﬁélly.into4§”permangnt calf‘field ¢1osé to the house
to facilitabte supplementary feeding. The quality of the
pasture inAthia galf field varies from very old weet iunfested
grass tm newly sown rye grass c]over mlxtures. Theitime
spent in.. the fleLd ranges Prom 6 weeks ta 6 manths depending
on th3s§12%~ijthﬁgflﬁldzjaYal%abilitY¢9f grass and general
farm management. A cdmﬁdﬂ practice is to‘&ove the young
calvea onto ‘hay- aftermath in July or August and often 51gns-
of paras;ﬁmsm appeax 2 to-B weeks follpwmng.thls move, Some=
times +the célves are returned to the permaneht cglf field inmn
the late autumn and supplementary feeding, usually inadequate
in amounts, may be given when grass becomes scarce. When the
weather is mild this period of grazing is frequently prolonged.
Towards the end of November or the beginning of December the
calves are taken indoors for winter feedings A general
tendency of dairy farmers is to allocate the minimum of
grazing area to the rearing of their replacement stock and
this practice may lead to overstocking-and over~grazing.
Spring born calves are often put out wiﬁh;older, autunn bora
calves and‘arelfrequently either the:firstior the most
severely affected calves. Older~animais,‘calving heifers and

. cows, are not necessarily excluded from the permanent calf field.
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A few farmers allouw their stock to grawe'during the day
throughout the winber period. CGenerally all animgls are
houged aﬁAQight during winter.

Laboratory Technigues

Pogether with clinical examinatlons, the following
observailons were madoe pyior to auvtopsy:
Faccal ogg countsi packed cell volumes hacuoplebin
concentrationy wred blond cell countsy botal serum
peotaling albumin/globulin vratio and plasua popsinoEeEn
conconiration.

Thé methods used %o make these obseyvations have been
sobt ond in Heclion T

&t qutnpsy a fuLl pathelogical and paragtiological

examinatiﬁn was sarried out and the ahQMﬁﬁﬂl contents wexe
collecbed for pﬁ anﬁ elcntrnlyte deteruinations. The prom

coduro anﬂ.methﬁds have been detailed iu Santian 1o
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RESULTS

Claussification of the Disenso

it soon becams appavent from the suitopsy data ihat

ﬁféétﬁrtﬁgi wéﬁ ﬁhe predominating nematﬂd@.f@unﬂ and for all

pﬂm%%@é@i purpeses bovine parasitic gasgraentewitiﬁmin this
x@giﬁﬁ'tﬁ’Scotl&nd'aéﬁiﬁihé considered pymonymous with bovine
ﬁ&ﬁﬁvﬁa&&&sms. | o |

ﬁwum the ab&erVaﬁinns made in ths. studyy bovine
ﬂﬁt@?t&&&&wiﬁ aaﬁid he a&assifiﬁd iﬂtﬁ bh@ﬁe categories, twe
o wﬁieh,{ﬁy e I and Tyya 1I) ave. cl&nzﬁaiiy apparent. The
ﬁaﬁmxﬂﬁiaﬁy (Typt I and Type II) is praferable %ﬁ the words
acubos chronic, typiaalg atypical and am Oty o inca, for
exauple, bobth Type X and Type_Ix‘can ‘show acute clinical
@ﬁgﬁ@ﬁg \

The @hrea»yha&as §§ ostertagiasis are defined ag

follousd
Type i

Type I covrespounds to the classical dosoripbion of
pavagitic gastroounteritis in which calves show o loss of
weisht aﬂﬁ~&ia£ﬁhaaa during their firsi summer of grazings
this may cocuy fyom late July until the end of the prazing
scason iu October ox eariy N@vambarﬁ‘ The vast majority of
the iangoested larvae develop to maturity aftes a normal pre-

patent perdod of 17 to 21 days.

Pro Type II or the stage of inhibition

Tn this phaese, which precedes Type II, lorge populations
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ot are presennt, of wnmch GVaEr 85O per cent arg

iahibited at the cavly hih stage of development in the gasbric
mucosa. ‘Those calvos have grazed infecterd pasture iun the lase
anbusm bud heve ae history of diarrhoen and usually appeam

healthy o the Tarwmer.

L Type XL

e sucﬂma cliinical phase is diifeweﬁﬁ w0 the Livsv
(Type I} in th&t chlves, which have no nistory of diarrhovea
or«ﬁeigh$ Loss durxnﬂ the grazing seas ol and wh&ch arae waii
gruwﬁ'aﬂﬂ>ﬂn exaellenﬁ aandiﬁian,,arevt&keﬁ'amﬂnayﬁ abuun the
begiﬁﬁ&mg of Novembor. After-a variable period ol time,
Var@wug fﬁmm 3. weakq to 4 wonths, these aﬂam&iq m&aﬁt o lose
wekahh. aaﬁ show & ?rﬁfuﬁ@, watery dzarrhuea. The appearance
of the . ct;ninal S&&ﬂ& eglneides with the deveiu§aaﬁb Ho
mafuriﬁy anﬁ oy rﬁenaa foom the mucosa of lLarge nnmburs of
inhibited larvac. This syndrome was first doscribed by Mactin,
Thomas and Urguhart {(1957) who regarded b as "abtypical® but
1t 4o snow recosnised o he a COMNOR OCCURFORUQ The climical
signs of wveight loss and diarrhoea, the latbtex boing eitbew
oot 1uﬁus aw intermittent, ave present iu both syndromoes 050
the maiﬁ-ayizaatinlngical dirference betusen the tweo bypoes is
the bime of the year when the disease is Firgt soon.

The Type I Syndrome

O nine farms wboere Typé I diseape acouirred ¥2.2 per

cont of 119 calves alt rilgk were affectﬁﬁ, i.ce ghowing

ciinical gignes aud 24,3 per cenlt, i.e. 09 galtyes died of the
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discancs This high Tiguve ﬁqx{martalitg ia due o twoe famas
which had a 50 per cent and 100 per cent morialily respeci-
Lvelve T&ﬁ‘aﬁalasiﬂnzaf these Htwe farms lowers the morialldty
x?ﬁe b0 hha less dramatic value of 7.5 por conte

o Fgo dmporbant. opizoobtiological Factora agaociated with
the owbbreals wewe\(ﬁ) a?@rstacking ang (b) the permancnt
calf paddoci. Grés& wap scavce in calf naddocks during .
k&ggﬁﬁﬁ;a&ﬂ qaives_were,frequantly mavéd~an$0 afternath ab
s Blmo, Phis more ofben ceincided ulth or dumediabely
pracodesd the onsoet of alinical signs. T&m'yaangesélsaivaﬁﬁ
i¢@¢,ﬁﬁgsa.%brn din ﬁ?é’ép@img were wsually %&gﬁfiwsﬁ @n@-ﬁhe
Besh éav@mal?‘affaét@&‘§f3th@ gxuup,

Gﬁ&ﬁﬁgywﬁ$énﬁédAﬁ$ de#d animais*m@ ?ﬂ&&ﬁ,wer@:ﬁauﬁlly
voo ﬂagam@nﬁad té yrgviﬁe uéefﬁi pathological oy @ayaai%m#
iggiaaijmaterial* In aﬂditiaﬁ, owingibﬁ the widespread usc
of appavenily effective anthelminthics, both cuvatively and
prepﬁyl&c%i@aklyg‘na fipm conclusions could be reacvhaed
rogarding the coprelation between numbers aund sbages of
parasiten causing the clinical sigus ox the associated
phvsiologlecal and pothological changes, Magt of the deatbhs
poenureed prior o the use of anthelminthics, but oxmers
who had Losses wewe very weluctant to seld the calveo which
wore clinically affected. -

For these yeasons it .was dacided o make o spparate
study of the disease under natural conditiongs Tho dotoils

of thisg sbudy arve repoxted later in Part 5, bubt it Lo



Fig. '« A photograph of a 4 to 5 months old calf
severely affected with Type I Ostertagiasis,
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conasidored pertinent te include heroe a descripbion of the
Tyne L discace.

Pen pavasite frec Ayrshire calves, 2% moniths old wewrs
girazed im bthe calf paddocks oft each of tuo forms, which were
wentilonod “hove to bave bad a calf mortaliby of 50 and 100
pow cent duriung the previous year.

ﬁlimie&i_di&easa first occurred om Pavm & in she 3wd
vaﬁﬁ of July m.e, afber ¢ woeeks of grazing aud on Fhw
duf&ﬂg $he st week of m@ﬁtembar i.0. aftew 16 wooks of

grazmings On Farm A the 10 ca}ves haﬂ boon. kmchd s e&éﬁﬂmiﬂ

by thu anu oF t&e grazimw aeason in late &atﬁbcrg wﬁile only
E»caiveg aurv dved %atmi iate Gctohev orx Fawrm B

?w Lo W&Gkij vmaitm were made to bodh Tarms and
uoveasy 1f£ectaﬂ ca&ves were removed fox autausy; C*mnwcaLly
aﬁf@ﬁﬁaﬂ ﬂﬁimalﬁ ware ﬂugl, had barsh stevring coats, wers
stunted  in glze “né gharacteristically showed a bright fgreen
diavrhoea whxch atained the tail, hocks and perineal region.
(see figuve 1),"H§igﬂt,lasa, inappetonce and loss froequenitly,
increased dthilrst and anovexia, were promimont c¢linical zigns.
As dhe duration of diarrhoea increased ihe eyes beonme suunken
aud_wai@&ﬁ ioss was mavked, These animais beoame progress-
ively weaker unitil they were umable to asband,

?wém the analysis of biweekly favcal cgy counts Lthree
poinba emerwed:-

a} Beg counis of less. than 1,000 e.p.gg. wore cumnnm Ly sQen

ia calves auffering from mold to severe Typa I discasc



Fig. 2. A photograph of a 12 months old calf
affected with Type II Ostertagiasis.
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TABLE 3

Bigoheomical Bota from Type I, Pre ay;

— T ——

Tyna LL Gas&ﬁ of Bovine Osterimgiasis

Mean Vaiueg and Standard Exxror.

Plasma Pepsinogen

ug phenolfml *

pH

Abomadni Langentﬁax Autopsy
Nat g1”
milli equiva lente/litre

Type i

107 15.1 112

i
L%
"

%
o

nkibition

o 29,40 & 1.7 3.3 70 17 .8 122
?X’G“@}?f}i} It .__1 « 02 "'_"_3 2 ‘t‘ﬂn&} ..'.".."3' 1
‘:ﬁ?yiﬁla Xff. . 106.6& Lt% k] Qt" ,

: S 57 99- 1643 107
0.2 8.0 - a2JA o 3.0
Uninfeoted |
Controls 8,60 £ .2 2.4 66 19.0 120
2001 #3.3 20,9 22,0

ug phenol per wml per 24 hours at 3?aﬁ@
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and aise from apparently healthy calves graszing the
game pasture.

B) A1l calves with ogg counts of over 1,000 e.p.g. bad
shown clinical signs, Bgg counts iu clindcally
affected calves flucituated markodly both above and
bBolow Shae 1,000 c.p.g. loval.

g} At aubopsy theve was uo correlation betuveen the Lfaecal
ege count and the numbex of Tfemalo wirms DIGBeR Gy

Fhe differential worm counbs at the post movbom examine
ation of 10 calves affecied with Type I disease ave sbown in
Table 2, togebher with details of weighi gains during the
sroasing pevdod.

Ancomia was not dedected in calves which developed
the Type I syndrome. Increases of up Ho 30 pew cent in
packed call vnlume,wihh.aorrqsgonéing inoregses An bBaemow
globlin soncentration and red blood ceil caunté were . observed
in calvas which hod severe diarrhoea ovexr a yeriad'of 3 to 4
days. Np significant changes in total sorum proteins,
aibumin concentration or A/G ratios were noted.

Saives severely affected with the Type i syndrone had,
at auibopsy, marked increnses in thqbﬁ of the &hnmasal CO-
tonts bogother with an ifucreasc in the Nat dom an@ G- ///
decyease in £ and €17 iom concentratinns.

The eoncentration ﬂf plasma pepsinogen was szgnifxa»
antily increased in calves with Type 1 ostertagiasiss A

summaxy of these biechemical changes is glven in Table 5.
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Fig. 3. Macroscopic appearance of the primary nodule.
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Fig. 4. Microscopic appearance of the primary nodule,
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B dQSbriwtinn of the main pathoiogicnl legiong

of Typo £ Oiastertqg infectilong.

é&vé maiu types of lesion were scen in Type ¥ cases
of bovine psbartagingis These lesiong have all beeun proe
duced sxporimenially agd ﬁﬁair sequenticl development will
be daescribed in a later sectien, |
Tho Tive types of losiom ares .
| e ﬁaﬂuieag
‘2; Mﬂrmecb leather 1ike appearance of
nucosal thinkéaing.
3.  Submugosal and nmentQQ pedoma .
o 'ﬁgitﬁﬁiial cytbly$15¢
S ucuge‘ugan.
_Naduies
Thm muﬁnaai nadmla are raised, civemmscribed,
wmbilicated, btransiucent areas of 1 o & mms in diameder
each conbaining o central orvifice. The smjority of nodules
aro showh 2 umse in diameter (Fig. 3). This 19 the primary
doeslon and the cvembral orifice is the gland ordginally
gdilabed by the presence of a lavva (Fige &)e The distribue
tion of ﬂaﬂﬁles in the abomasum follows no cleax ocuv
patters but almost invariahly the fuudig reg on containg
more nodules por sguare inch than the pyloric woglon, Iin
she fundic avea nodule aggregates ave often seen aloug the
groater cueyature towards the Junction of the Pondic and

py&axée'WGmmanu‘ Sometinos the nodule comceuntzabion is so
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Fig. 5. Hyperplastic mucous membrane showing the "morocco
leather" like appearance.

Fig, 6. Microscopic appearance of Fig. 5. showing hyperplastic

slands lined by undifferentiated cells,
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"Morocco leather" appearance of the abomasal
folds and the gross submucosal ocedema of
the folds.
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Fig. 8, The "thumbprint® lesion caused by localised
severe superficial erosion of the mucosa.

Fig. 9. Vorms emerging from the gland and worms in the
overiying inflammatory exudate; severe damage tov the
surfaceo epithelium,
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mucouns monbrane. COcoashonally the cedoma widhin the omentum
is go severe thav 300 to 500 mis. of ocdema fiuvid can be
0xyvgd$od. The dégree of oadamq in the sbomasal folds is
.Sﬂﬁh 4hat ot times these are enlarged up w0 5 himes nomusd
aime {E&g; 7),, Localised cedema ocoums ¥ava1vﬂug a part or
o whole abﬁmaaai_folﬂ- the . remqinin folds shew no evidence
.@ﬁ.ﬁ@ﬁ@mmg. Gemarxli&aﬁ Qedama of the whole abomapal mucosa
#loo oo z'zi&w?s. . |

ﬁi&h61&33 Gyﬁolyai

@Afnumsrflhed dawveﬁéed, cangestad) lrregular areas
in Lhm HRICOUS memhwan&s vather resembliﬁg;“t&mmb prints®
arc QGMMQJ in fmeid cases | (rig. 8). .Thaa@;awa&s_mre
‘mBSﬁﬁia%@ﬁ with an jncreased degree of epithelial sloughing,

which 4f gevere results in a gross dipbheriiic appoaronce

of the abomasal mucgosa (Fig. 9).

Whon all of the above lesiocns awre present to o severe
dogree thewe ds variable amount of congegiéion of the abosmsal

IMUCUER 6
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Poe Type Lz The Singe of Mﬂhahmulaﬁ

This phase of bovine ostertagiasis is nobt clinically
apparent, but is essenbial foxr the aubmnquaﬁt developunent of
the Type LT Syudrome.

Fhe bemm inhibition describes the avresbed developmont

of Q.0¢ jﬂléagi1i§ *hé-ear3y Lth stage. wﬂtal.ﬁﬁrm counbs
oo ¢ﬁsob af Typa II astarta iaais aftmu had ?&rge DNOTCEn t
ages (I3 to 90) o early hth stqge parasites wheveas in cases
qf‘TF@Q-E hese gurceﬁbagaq were small (2 #Ho 30},
P Gm B cnnqxd ,1t10n af fielﬂ CASEE ﬁ,bﬁtume évidmnt'
that bhe ywaaénﬂ@ @?:imrgamnumbers af &mhihm%e%‘iarvae’wére
111} 3%%?&& &w thG unﬂuﬁbtanding of the Type X syndvono.

K

Equug %&é conrae ﬁP ax. i mvestlgatlou of the PType IT syndrome

&ﬁ twaﬂaffaa%eﬂ heyda tuo apparently hééi*hy calves were
utonr Loy - A o
Both of these calves had bheem iundoorg, for a porilod
119 dave in one case and 28 days din the chﬁr Hed thew
caif had been gtven anthelminthic btreabmont.

The botal worn burdens of these calvesn were 07,000
and 5%,000 with 89 and 96 per cent respeoiilvelyy of tbe
popuiation present as inhibited larvae,

| deaﬁwain furthe &nformatmon o the significaunce of
ﬁh@ﬁ@ Langs numBQW$'Qf dnbibited 1arvae a botal of 18 calves
were ﬁuﬁahﬁﬁed:fromffnﬁx farns whore outhveaks of Type XX
ﬂs@ﬁﬁtmgiasm& had ncaurved. None . of thege calves had a

history of digrrhoea and their general gcmndibion was
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TABLE 5
A Sﬁm arison of the Loensth of Inhibited aud. ﬁufly Fourth

stapgi Larvae from Naturally nnd Lapar4meﬂta Tiy

‘infeﬁted Calves.,

Lengti: in =m

Nuntbex Studonts?
Source Measuxred Mean & S we TPast ¥
Busckendale 50 V.28 1 0,08 Powm NH
Latght  Medins 30 1.32 &+ 0.08 P = NS
Bracken HiLl 30 1.30 & 0.63 P o= NS
Auchmannech 30 134 & O.0Y P o= NS
Baperiment I ho 1.39 & 0.07%
" Douvees (1956) 1 1,18 to 1.29

& Phe wvadues obteined from andimals on each of thefarms
wers compared with 4 Jday old early Al atage larvac
from calves witich had been experimentally infected

»

with 100,000 Geostertagi larvac.
P = Probability

NS = Not sigpifilcand

S = Sthandard deviation
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waprosentative of young Ayrahifa catbtle in lionte avbumn and
vinktenr. Bome valves weroe well grown while others were up o
100 Abs beolow ﬁh@ normnal weight for their age. These calves
bad been gr&m*ng the aame fields as the calves wubich
developed severe Type IX vsteriagiasis and all calves hadg
boen treated with anthelminthics during the preceding Huo
mmms&u.?'?hﬂ assovciation of inhibition and late aubumn

grasing wi 113, hu shﬁwn in o latew Seﬂtlﬁno The'cliniaai

hisbovy and pavesitologleal dnta of ten o ih@aﬂ ealvesy
summarised in Table 4, sbow that the tobal worn counts were
hi{hy the nurnbers rana¢np from 67,060 to i 9,00& and uhe pcr-

centage of sariy 4 Wil sbages varied from 89 to 98 gcv cent.

Aié@ % ﬁiii be noted that a high pervcentage of Cuopexis SDD.
lavyal stages were present at this time .

Genorally, the.faeﬁal worm ogg @ﬂﬂﬁﬁg‘ﬁ@fe‘iﬂWQ less
thaywt 500 GepeSes maﬁy samples were negative and gave no
dodication of the large vumbers of parasiies pragent.

The early fourth stages found in the abomasal ﬂigasts
of geveral cvalves from diffewvent farms weve mepsured and come
@awe& with weasurements of early fourth staze lorvae wecovoered
I doys afbey a singie expdrimental infection of 100,000

Q. o0aterkacts The results of these measuronents are shown in

Fabie %« It is apparent bthat there is mo differenve betuween
k day old caviy 4th stage larvae and thase whiach may bhave been

swasent in bhe abouasal mucosa for as long as & months. The
¥ .

measureneonts shown im PTablé 5 compare well with resulis obtained



surrounding mucosa

Inhibited larva in glandj

virtually normal,

Fig.10,
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by Dmmvyeﬂ,(iﬁﬁﬁ). Hoywover, ihe larvae awe iongor than the
4 day 0?& larvao e&am: amd by Threlkeld {1946}, which

ncasuﬁad $.9% mn Hut they are af similar lengiéh to the 5 day

pld lavvee (1.haom) measvred by Threlkeld; who yvecoguised

ouly tue larval codyses in Q.ostertagi. Douvees {1956)

rep&r@&ﬂ-ﬁhrea,iarvai ecdyses in the pawagitic phase of

Q.u}mer Do .
Fhe re uuL & of the blochemxcal d Lerminaﬁiaﬁ& have
been yecmﬁd@d ianabie 9, The pH of thﬂlﬁbgmasal ecutents
was e L%uiV&ly norma§ 1n all GaSQS,and thé ionic caua@nbram
ﬁiﬁnﬁ ﬁﬁ'oﬁizum, patasslum and chloridﬁ iﬂ pﬁa Wastviu
gaaﬁ&mts-u&re not.markeﬁiy aiﬁered. Iz 2ail cases the plasua
@é@ﬁiﬁﬁﬁ@u'lwv is were maderate?y elevm&uﬁ.
The sétriking pm#hu&opinai feaﬁu?u af eages which
shoved virvdually complete inhibition wae the mindimal nabure
of ﬁhé'ﬁﬂ&ﬁuﬁﬁ@ﬁtiﬁn t5 the larvae and tha,mhsenee nf grosg
damage b the mucosa. The inbhibited larvas uere ﬁi#ﬁa%eﬁ ‘
in gastyric glands which had become linced with muacouns type
pitheliom, There was almost no raactiﬁn ian the sarrovnding
slonds and mesenchymal roaction was usually elight (Pig.10).
There was ne oytolysis or umbilication of the area supexrficial
1o dthe larvaoc.
In some casaes lymphoreticular fooi were found specific-
ally vrsiated to inhibited larvae; these appoared grossly as
white nodules. However,: the significanga of this assocliation

could not be determined. In some cases lesions which consisted
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of cumpby mucons cell lined glands associabed with a weaction
dn the lamina propria could be found. The mwesenchymal

reaotion consisted of a lywmphoreticulasw hiyperplasie of vary-
ing depres; plasma cell aggregatesg, eosinoephil infiltration

and bhe presgenge of globular leucocvies.
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The PTyepe IT Syudrome

Iy

Pur ouhbreals of Pype XTI bovine ostervaglasis were
fnvestipgabed bmiuaﬂm O EIa iy dnd dune ¥96h:  the laktew
veourred within a veek of the animals belsg pub out fo
grame fnxkﬁhéir éenmﬁﬁ SUNHNET . Qn these 10 farms 218 young
dadry ciabblie were hmu*@d, Some 30.7 poexr cent of those were
chisvioaliy alffected and 94 O per cent f.0. 21 éaaua died o
w&r&.an apesiled iﬂ~tha tﬁwmiual stagag ﬂf'ﬁﬁ@'ﬁﬂ$ﬁﬁ$@ﬂ
‘&&%hﬁﬁﬁb tivig avadromne mxﬁht take as l@%&‘3$~6~mﬁﬁﬁh$ to
ocome - niwa cally owvident it must be stressed bhab ! ngelix.
tom be am &auﬁg diﬁaa$a~with-death aupervmuing&withiﬁ 1 to
o §=' 78 éf~ﬁh@-0§$$ﬁ of ¢iinical signs.

_ﬁmiﬁélé éffagﬁedfwith the Tgpe’ﬁi disease wWere Somae
tdmes well groun, bud yewre uswally dull and in poor asnéition
conparad srith chéra of dthe sawmwe group whish did pot shew

dmical signs. A pough, harsh, scurfy ooalb, offen lighter
&B.gaimﬁ@ than weual, aud caked with forces avvund the tail
and porineum made the appearance of thege pooyly thwdven
beasts worse {soe Pig. 2). Submondibuisy sedeoma was noted
i o fow casess bhis cedema was not comgbant; appearing and
Qisappesring irvegniarly in the same audmal., Submandibular
ogdena was wosh markﬁﬁ_&m the grbup'of calves, roferred to
above, wvhich had been turned out to grame Tox a feuw days in
Junes - in some of the cases, the oedoma tonk from 2 4o 3

weehks to disappear complately.



TABLE G
A _Summeiy of the Clindcal History of Twolva Typical Cases
' oL PType LT Ostertapiasis |

Hogpibalised Post Mortem

Aaiand. Age No. Weight Antihximintie
No. Monith Mouth Days Cooditin 1b. Treatment . Consist Diarrhoea

Faeces

] 32 Jammery 5 Very poor 400 Thiabendawole D++y Contin.
2K
2 12 Maxrch 2 Poox LoO Thiashondamole N Inber-
Hexaphen mitt,
5 12 Mawvch 1 Good 585% tr D444 Contin,
4 4 April 8 Poor 218 Minel,; Prom= D+++  Contin.
intie
5 i April 8 Poor = 248 & De+4+  Conbin.
4 . A4 Apeil 8 Poor 308 i) N Noxmal
¥ . 18 Apwil 8 Poor 363 Promintic 5X  Diessr  Tulber-
mitta.
8 5 May 23 Poor 275 Promintic, N Tntere
Heloxon mitt.
G 15 May 36  Poor 296 W o Inter
‘ mitt.
1Y 15 May 20 Poor - 315 w B+++ Contin,
11 6 April 12 Poor 328 Thiabendazole N Inter=
. mitt.
12 0 April 12 Poorx 384  Not dosed D44+ Contin,

¥ Friesian

Desd+ = Fluid Faeaeces
Wa " Nomual

ax Twice

35 Threas times

i}

it
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The loss of weight in Type IXI cascs was a mavked
cliniont feature and even when hospitalised for as iong as
& wonth and kept on a.high plane of nubtpition, these animals
were slow to gain weights

- AB eliniéal axamimation; no othew eam&tém% abnorinal-
ity was nﬁted oiher than decreased appeti bﬁg thirst,
CASsoe gataﬂ wmth a diarrhaea which was esihww intexmittent
‘ﬁﬁ‘ﬁﬁﬁ*iﬁﬁﬁﬂﬁﬁ’ Xn a f@n cases a systolic MOPRUY Was kanwd,
joudest over thu uardmae area on the leid bldﬁ and whigh
apyuareﬂ and disanyaarad 1rregu1ariy fr&n day to day., Tﬁo
ﬁ_gniﬁmv%ﬁae of this finﬁing was not undcrsﬁuoda
| wkem the perind ﬁf continuous diarrhaea Iusted 7 to
16 dang thﬁ.madority of Typa II cases became axxtremejy
wealk, wora unable%tn atand and. had sunken eyes, Some of
these animals conbtinued eating.and drinking suall amounts
up il death while others ceased eating and Jdeinking 2 or
' 3 davs priopr to deathe

The prognosis of severe Type Ik cases was gravey even
when multiple anthelminthic.treatments‘wara glvans weak
andimais which ceased to eat and drink usually died within a
woeky cases whicﬁ continued to eat and drink way dic wiilh

- agual r&piﬁity.@r’may liunger fcr somo wooks. Loss sovercly
affected cuses Whibh.SuTViVed until the fukiawx&w spring
seom Ho vocever quickly when turned out to good pasture,

A promary of the'&l&nieai»histary of 12'@ypieai cages of
type II ostertagias has been recorded im Table 6.



TABLE 7
The Parnsitolopical Data from Twelve Typlcal Cascs
of Type II Ostertagiasis

mimal Yors Bogs per GM  Oster- Blith Sex

Ne, Mean ¥Yostliortem baglia Stage-&zﬁﬁgﬁ Trich, Coop Nem. -
1 wwes -ve 2%,320% 76 /1 = - -
2 550 550 1?&;660 93 /4l - 9, 240 -
3 550 800 239,100 62 /2 - 19,000 -
I 2,500 4,400 59;176 19 1/ « 200 -
5 200 100 93,280 15  i/1 = 28,000 -
BOG Loo 194,100 Wb 1,7 - 2,880 -
Vi 800 760 56,90C 19 /1 ako - -
8 250 50 iB,2h0 28 /1 160 - -
9 250 100 25,320 38  1/1 = 60 -
10 1,500 G, 100 30,470 0 /3 - 300 Lo
11 50 50 k0,220 15 /2 . 1060 -
12 800 350 133,100 15 2/ - 14580 -

vy
D

A1l 5th Stage

+ The percentage of the total Q.ostertagi count present.
as early 4th stage larvae.

M/
The Looperia spp. were C,oncophora and €.Mbmastewd

= Male to Female ratio,

T.axel, Nematodirus helvetianus and Nispathiger




- TADLE 8
A Compavisen of the ﬁaematalagical Date @wﬁm Tyaivea
Typical Cagos of Type LT Ostertagiagic sud Twaaﬁy
tnaffected Heifers of Similaw Aze

Pﬂxaﬁééer‘ ._Type I¥ Cases Unzﬁizgggd | "3ifd§2§t s
PGV, B 26,9 3.9 33.6 & 2.6 P 0,001
BB, Gums o5 9.3 & 0.5 11.1 £ 0,9 P 0.001
rue 10%m° 5.7 £ 0.7 6.9 1 0.9 P 0.05
MOV ou 57,0 £ 5.5 50.9 & 5.9 NS
Moxe % 3h.3 &£ 2.1 33,1 & 1.8 NS
Tobkal Sexum | :

Protoing gn % 5.30 £ 0.93 5.93 x O.U4 us
AJG Ratio 0.38 £ 0.14 0.9 1 0.2 P 0.1
Atbumin Cono . :

gm P 1.38 £ 0.41  2.88 & 0,2 ® 0.001

¥ The gtotistical sigr mificance batwaan Type Il cases
and nnufrauted animals ' '

P 0,08, significantly different.

Nelle = Not signigicant,
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Mpom o comparison of the welgbts o Rype 1L cases
{ace Babie 6) with the values for average Aywshive heifews
amed 12 te 16 wmonths abt the West of Scotiand sgricultural
Coliege, namely 495 to 603 1bs. liveweight (Valker-Love,
gewﬁwmai,ﬁemmunieatian}, it can be appreciated ﬁhaﬁ the
majority ﬁffﬁype-xx‘éasﬁﬂ'were at least 100 to 150 1bs
undoruelghi« ‘

vﬁenﬂraxly’ﬁhe-mean daily faecal ogg uvunﬁ,.taken over
Q nﬂnhur af dmys while haspitalised, was lass . tuan 1 600
QuFoQay buyg durinb dmarrhnexc yhasas i$ was comuon to record
ege counbs of Qrﬁﬂﬁvtalﬂgﬁﬂe €ePeSe Thero wasg no carralatzamé'
betweon the pn#ﬁ:mﬁr#em g cauhtior_a”mean‘@gg count and the
nunbey of adult females presant. | R

X ﬁosﬁite ihe wvse of repeated anthalmihthic troeatisents

Bhe oubhors o woRS . partiaulariyznf-ﬂaaﬁhﬁvtasi, present at

asutopsy weve freguently bigh, Compared witlhy Type I, the total
vanbers of worms were double in some cases aud the peveentage
of dmmobure stages from all species present was much highor.
The wosulis of the parvasitological examination of the 12

cases of Type IXI ostertaglasis have becn geb out in Table 7.

A comparigon of vavious haematological measuremenis

of 12 Type II cases with those from 20 cliwically maffected

andwais of about the same age is shouwn in Tgpble S The* U=
affected animals were a group of calves 10 months of age and

Judged to be free from interw-current disecase. However, those

anima&s*wera‘grazing whereas Tyﬁe[II cases ware indoors on a
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varyving ey diaet. Although dietary effucis have beon thought
to excrt an infliuence on bhaematological cweitesria ihe gpecific
affocts mf’ﬂuﬁritﬁ@ﬁ} if any, have not hweoun made cleoar
{Bchad m, 1961 ).

The data ﬁhﬁﬁﬂ in Table 8 indicates that there wos &
STATISTICALLY

significant decrease in the pocked cell volume,
Hho haonogiobin councentrabion and the tobtal zod blood cell
couats, of the affected animals. Values fox the mean cell
voelune and the mean cell haemoglobin covcentration were
within the mormal range o that the mild Ho moderatec anacwia
evidount in these Type LY cases, was of o normooykic,
avraochivonie bypes

Hhite dundividual anivmals did show a decwreasge in thoir
bobtal serion protein osncunitration to 4.0 guws pov cenb, on a
group basis there was no significant difference from kho
maffoctad sontrels. Nevertheless, a decweage in the A/
wabio Qid seceur in the af;eetad group znd the values foyp
porum albomin concentradlion were markediy meduceds

The Teosulits of plasma . peps1nogew; mbom I pi and

gaatrlc u&acmw&lyte dedterminations bave h@ﬁﬂ wmmﬁudaﬁ in

Tablo 3 fﬁy-raady‘cumpavison with the oihcr pha
bovine uatertégiaaié. The abomasal pH of typiﬁél cases of
Type LTI was markedly raised. The sodium iom corncentrobion
off the gastric combonts was alse increased while docreases
diu pobasaivum and chioride lon concentrations wedse nolod,

Flasma gnyﬁmuugen goncenbration was incyroeasgsed 4o a navked



Fig.11. Severe Type II reaction showing gross destruction
of the gastric glands and marked submucosali oedema,
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degreey in some cases, 20 times the uninfectad value,.

The main pathological features of this siage were the
.ﬂequen»&@i deveiopment and ewergence: uf farge numbers of
pfevmnuaiy xnhzbm%ed‘larvae. Lesions typicalil of the sbage
of inhibition wéfg.fﬁund ﬁﬁgethér‘with Lesions produced by
larval development and emergence. Nodulés w@ra evident as
10 Tyﬁa:X'QéSQS-éhd“snrruunding these, after emergence, were
:dreaa‘ﬁf~épitheiia1ah§pertasis'ahd absomasal glands lined with
undmffarcnﬁ;atad calia. The béhfluénde'nf’thése‘laad to the
‘furmatzan of large araua of "moroccn 1aath9w“ 1ike mucosa.
Epithelial s]oughing in gome of these areas was markgd and if
extrems aauaéd‘“thumhprint".lesions, diptheresis,~auperfioial
inflamatinn and’ aongeatmon (Fig. 11). f@iﬁbuiar‘&eucbcyﬁes
‘were numeraua and 1ymphoreticu1af and plasma cell activity

was marked in some areaa-,‘

DISCUSSION

Following an investigation of 19 oubbreaks of parasitic

pastroentoritis in young Aryshire cattie it is apparveant that

2l is the primary pathogen in this poart of Scoitland.
A morbidity of 435.4 per cent and a mortality of 14,8 per cent
found duriag this‘study, which invelved some 337 dairy calves,
indicates ﬁhat at least on some farms bovine ostertagiasis is
a sewious cause of economic loss to the farmer. The figuxes
quoted above ave much_highéf.than the 9 and 3.# per ceuntd |
roaspectively, reported by Becklumd (1962), who concluded that

mortality accounted for two thirds ef the total financial
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loss involved.

Bovine ostergagiasis can be clearly divided into two
clinically apparent types separated by a phase which is not
clinically evident,

The Type I syndrome appears in calves after they have
ingested Q,ostertagi larvae picked up during their first
sumner al grass. The clianical signs of diarrhoea and weight
~loss usually appear in these calves from lake July to
September, Larvae ingestéd during the late autumﬁg i.e.
September ito cariy November, are responsible for the subsequent
development of the Type IX syndréma, whiah is also character-—
ised by‘diarrhoeaAand-lﬁss.nf weight.'.These larvae are
inhibited in development at the early 4th stage following: the
Jed mouls aﬁd'may'remain so, within the gastric glands, for
as loug ap 6 months. Movrphologically these inhibited lavvae
appeai to be identical to early 4th stage lawvae derived from

a 4 day infection of O.ostergagi. During this period of

inhibition clinical signs are not observed. When lavge
punbers of inhibited larvae complete their development to
adult stages, the clinical signs of the Type 1T syndrome
appear. This usually occurs in huused‘atoek from December
until the following June, but may eccur in out wintered
aninals as well,

The Type I syndrome was probably responsible for the

outbireaks reported by Ackert and Muldoon {1926); Bruford and
Fincham {1945); Threlkeld and Bell (1952); Bailey and Thorson
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(1958%) and others whereas the Type II syndwoume was specific-
ally desewibed by Mﬁfting Thomas and Urgubavrdt (1959} It is
Yikely tﬁéﬁ the xeporis of outbreaks by Stewari and Crofton
(@9&3):ﬁnﬁ'ﬁailey and. Hewrlich (1§53)3aera also Type IT
ostertaglasis. - |

In ﬁhﬁ.diééﬁﬁﬁiﬁ‘ﬂf bo#ine nstertagiasis the results
ef faeéai @érm‘§§g"énuﬁ¥s must be interpnaﬁéd ﬁéﬁtiﬂuﬁlyﬁb

in Type i ggﬁarﬁggiasia}féoﬁnts of less than 1,000 e.pege

L yers éﬁaﬁgﬁtéréﬂ:Bﬁth'infapparen%if healthy ﬁé&%és and from

~elini¢§$”é;séé;‘ All%calves. with egg counts of over 1,000
e.p‘é. ware ¢1inica11y affected animals aithaugh a third of
tﬁasa wara nut diarrhueic at the time when the sample was
‘taken. ln caaas nf Type 1X oatertagiasis faecal egg caunts
were nf little value (aae Table 4) The variation in worm
- ege counts of 1ndividualvcases of eithox Typé I or T?pa ix
is spuch ﬁha% low egg counts caunot exciude bovine osterw
tagiasis from. the éiffeféﬁtial diagnosig,. The conclusion,
that faecal worm. epg ﬁﬂﬁnts are of littic diagnostic value
in outbreaks of bovine ostertagiasis, is &m-agréemant with
%ﬁe findings of Roberis, ﬁ'SulliQan and Riek {(1951);
Aundrews, Sippel and Jones (1953); Ross and Avmour (1960);
Banks and Mitton (1960),

A The ngéur;éncé of the Type'I s?nﬁrgme in July can be
expiﬁ&n&é by two factaﬁ&% ¢limatic canditianr in June are

- suitable for the éevelopmant and migratimn efilﬁrvaei Rose

(1961 and 1962); apparently about 50,000 to 60,000 adult
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Q. ogteriasd are necessary to produce typloal clinical sigas

f

in ¢calves 5 bto B mnnth& nld. During tho summoex months lavvae
ave continually ingested, devélap to the adult stage and
‘prenipita#a‘niiniealkdiaease‘ﬁhen-the tolerated orxr threshold
numbér of paéaaitaa‘is exceeded. The difference betweon
an#ng and autumn born calves in . their suaceptibility to the
dmsawsa may be due to relationship between animal size - and
thresnﬁld number of worms i.e0. the smaller tha calf " the
Rnwer the threshuldq nanks and Mitton (1966) put forward

£ 5imi1ar rancept..

- - The tﬂtwl numbers of 0.ostertagi found in caases nf

 Type IX ranged frﬂm 239,&00 down to 18 000 and the numberrA

'*,nf aarlv hih stages were much highar than in Type I casess

Th@ pewcentage, of” 1nh1b1ted larvae, apparenﬁly unaffeateﬁ
by the anthelminthics used, was inversely proporitional to
the @gfiﬂ&'af clinical illness i.e. the longesr the case
had ah&wﬂ élinical signs, the fewgf the duhibited forms dn
the mucosa, In this regard Dunsmore (1064}, found shat
pomoval of aﬁultNﬁ‘ciroumqinata in sheep by aunihelminithic
treatment allowed inhibited la%vae to rosvua development.
The possibility of successive waves of malburing lavvae
wonld account for the Qariuds of intermitiont diarrhoea
commonly associated with Type II cases and also the failurc
to effect a clinical cure following anthelminthic admine
istrations In éases of Pre f&pe IX or inhibibion tﬁe

stimuius causing the syachronous development of large nuwbers
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of inhibited larvvae is not known.

There must be samé dubiety as the origin of the lowu
numbers of inhibited larvae found in cases of Type I since
ﬁhewAeiﬁheximay have been acguired a few days prioxr to
AuKopsy QQ ma&'hévﬁ“beam inhibited earlier, This roserva-
tion does ﬁnﬂﬂhdlﬁ for the larger populations found in
T&pe'ii c@sés or in cases of Pre Type I, simngce all of
these aviunals bhad been kept«indodra,fovlat 1&&5& L weeks
prior to auﬁapsy.;‘ 

‘:‘ Thelmechaniam'af inhibition is unkﬁown; but, Téylar
aﬂd MLChG& (1943) thought that the. funvtzom of inhxbxt¢on
to enable a naraaita 40 maintain itseif iv an envzrunment
fnn‘uxagd tm devulayment [ T in a resxatanu i ‘ Inh&bvt*onr
of devei@pmenﬁ'has-been induced experxmaﬁ$aliy with
iﬂf&@ﬁioﬁ& of ntﬁar nematodes affecting ﬁuminénﬁsg fox
expmple, Oesophagostomun golumbianum Goxdon (19h9);

ﬁi@hﬁmemu&us filaria Taylor and Michel (igﬂa)grﬂaemsmuhua

plocedi Bremmer (1956)s Roberts (1957) 3 Becontorius Silverman

& Patberson (1960); Osterbtagis civcumcinta, Sommervilie {1963);

Dunsmore (1963); O.ostertagi Michel (1963); and Nematodirus
sppe. Gihoon (1959).

In some of these infections, for ezxmuple Q.,circumcinta

in sheep, larval development can be inbibited by the aduin-
istration of a large single dose of laxrvae, while in others

.8+ Haoumonchus sppe, Qeostertagi, it wounld appoar that

dniidibition primarily depends edther om the pregence of a
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prowoxioting adult population or previens infection by that
parasite, Drom bhe present study it i ned clear which of
thege nethods of producing inhibition, 3f any, would apply
ﬁﬂ'ﬁﬁygﬁerta;ii Tk is interesting to note thad results from
shig sbudy indicabe that the inhibitien of laxval developument

ooous sisnltanerasly in both J.osteriagd and Cpopevia spo.

lapyan, sod this foet may be associated with an alteration
in Ghe physiclogy of the host.

Haematological changes may be nofed du individual
'amima&a,ﬁ££E¢ﬁa&"with glther clinical syndwvome,. Inereases in
packed celdl wvolume,; hadmnoglobin concenteation and toial red
hiooed ealld ﬂaﬁmﬁsiﬁan b§ accounted for by the decrouase in
tobal body waber witlel cccurs in the Type & (Muilligen gt al
1065)« The significance of the mild to moderate momoeyiic, -
pormneshvromic anaesmia found in cases af‘@#@& I¥ ig unotb wlear.
Am, fnerease dn total body wat&ﬁ doss ogour in Type IL casos
(Vuiiigan ob alas 1963) 80 ﬁherﬁaamatmﬁaﬁimai~ﬁhamgaa noted
may be appearent vather fhan real.

The wmarked obanges in the abamasai pily sodidam,
potasaiun and chioride ion concenitrations ave pdmilax in both
Typé ¥ and Type IT synderomes and are aspsvciated with the
presance of isrge numbers of adult parasites opr goevere
abonasal léesions, The changes from novmal values naﬁﬁﬂ'in
rwases of fnhibition ox Pre Type I ars gusil in spite of the

nresecce of lavge nuobers of early Ath sStage pevasites. The

chply bbb stage lavwva produces little pathological change
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apart fyom that affecting the gland ig vhich gt io lying.
This gland becomos linesd by a layer of mucous cell epithelium
aﬂdwwnén'largé sumbers »f glands are affected in this way a

mall degyvee of functional dmsturbance bacomes ovidentd, c.h.
siighglincrﬁase.in'p&. | |

 The maiﬂ'yaﬁhdgeniﬂ‘effeﬁf'cbméﬁ with the cwmebgence

0f ﬁhm-y@uﬂgladuit_stagas fromithe.glaﬂﬁg when,epiﬁhe&ial
cell wlsughing'aﬁcur$'aﬂd there“is cunverﬁiﬂm“nf surrounding
fuﬂw£¢nunt$y aifferantiated glands bf hygar l%sﬂlb pits lined
'gy“mnﬁiffmxentiatea_Qellé.. Confluence of the vircular hyper-
3Lms$i§-Eeainn sqr§6undiﬁg the noduléa§§eﬁps, tho morocco
3eath§r aﬁp&ar&n&é;is §rédgced‘énd 1afgé'afea$ of mucoﬁs)»
m@mhxaﬁq‘ius#-#héi? peaiqllseﬁ sucretvry meCﬁLQﬁS’

Iﬁ ﬁ&fat*tﬁis tmma that‘severe uhﬂuge 33 a&amasgﬁ
ianﬂa ¢awemﬁLrabiaas nceur and these chaﬁme& wust have
sagmifi 1Y pﬁYinlﬂﬁlﬁai consequencas. Tor igmﬁancgg tho
wuh@satai File cenversion of 1nact1ve pags ogen to active
pepsin 18 almost insﬁaﬁ%aneuus at pH 2.0 bul, as the pH rises
the converslon time becomes longer taking maay bouvs atb
ol 5.6, Hirschowitw {1957). Furthermors, bhe optimum activity
of popsin ﬁacurslgﬁ'pﬁ 15 to 2.0 and with a progressive
increase in the pH of the medium peptic ncbiviby decrcases
watil at pil 5.4 all proteolytic activity ds inhibited. At
P 7.0 and above pepsin is destroyed, Wilki ngon {1962),

Pxaotly how the pi change affects probvein metabolism remains

to be Lound oub. Sipamrxcant changes iﬁ the sexrum proteins
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of Typa I casos wore not recorded bui a marked
. hypoaibuminanaomia was wobed in Type I cases. A mavked loss
and decyensed rabo of weight gain were featurew of both Type I
and:Type i
| Under sormal physiocloglical cnﬁdiﬁ&mng the acid

seeretion destroys the ruminal micwro Liova aud fauna which

d

ender the abomasum and probably assists in the release of

o

their intvacellulaxr conteants. It would be of danterest to
lepwn the fate of these wicrow-ovganisms in olimical cosceg of
§@%mrtag; _im.an& to dotermine their roln in the development
of dlarehoca. in these gases,‘preﬁﬁming-%ﬁmﬁ_t&ey wowre nod
éaé,yﬁyaﬂa“

@nuraﬁ Gd”ééncaﬁﬁratiﬂnérofﬁsbdiﬁm Aon-in vhc ahaﬂasﬁl

)

€051 i akﬁ ﬁf'a diarrhouie anmmal mﬁy lead Lo a 3udiumxdéficat
ﬁﬁa'ﬁh@ f&%@&ﬁw Combined with losses off body i&ﬁéégs ail
the oliuical signs of dull ness, anorexia, thivst, woishi ioss
and goenewal woeasknesgs can be accounted Fov, since theoe
aympbons are associated with fluid and sodius loss dn wman
{Biack ?9@%),

Plamsua pepsinogen concentrations are sigoiflceantly

increasad in all phases of bovine ostertaglosis. This test

may peove be be of useful diagnostic valme i it in specifilc

for the lesions produced by O.ostertasi, Type L cases have
o $PIRD anp SeHWART ( l?ﬁ

concenitrabions tuwice that of Type I cases. Doty ap 2d.o

explained the dncreased plasma pepsinegen levels Tound in

coprbain cases of superficial gastritis ia man, by suggesiing



69.

that the surrounding inflamnmnatory reaction pﬁaaueaﬂ a
funciional %1ackagaref the gaatric gland and paysimagaa
leaked back iunto the blood stxeam. .A;tayﬁaﬁaiyg the higher
‘valuas~nﬁtgé in Type TL cases may resuld from further back
diffusion through damaged “ell Junctions In bhe epithelial
sheotb, ngwgtt (9ersnna1'uammunipationa}, Leakage of
mggrﬁmqigqylgé #hruugh_ﬁﬁe abomasal mucosa has beon shown
in Type T gaggg#ﬂﬂg;ligan, palﬁun and Andorson, 1963) who
démqnstgmﬁgdian)in@ragSed'plggmg‘albuminllasa-iﬂta the
g@étngintegtggéliﬁracﬁg _ _

X% iﬁAgviﬂéntﬁfbaﬁ:this study_thét.?he onaet of
diarrhoca in clinically affected animals is asgoclatod with

the gduit stage of G.ostartaq_ it ds. absont dun: tho gﬂhibited

phase and appesrs in the Type II uaae, dtsg severity and

anraﬁianﬁﬁﬁpan@ing on #ha numbara of 1&rva¢‘rqwumxnw¥davalapm'

ment, Two facﬁqgalih th@-init;étiqn'of diarriwen appear o

be of importancer |

a) thﬁidiﬁéct effect of the emergent éﬁwitﬁg@g;ﬁg or thwough
its cytolytic action on gastric epibhedivie Lavgoe aégunts
of phavmacologically active polypeptides, bhelonging to the
family of kiunins, ére known to be roleased from sites of
infiammatiaﬁ and‘tisauevdamage, Lewis (1960} s and

b) the inﬁaraut effcct of the hyperplasisz and loss of
differentiation of the gland epitheliuvum which preduces

loss of pavietal cells and a subseguent wise in abemasal pH.
The former explanation seems moie likely as achlorbydria
din man is not always associated with diarvrhoea.
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SUMMARY

Field investigatious of bovine pavasitic gastwo-

enteritis in tho Soubthwest of Scotland showed Hthat

*>

Detertagia ostertapgi wao the predominant porvasite., The

é;ganse pwoﬁuned by this parasite was bsﬂn Pied inldo three
phages, twe of which (Type I and Type Li) were clinieally
apparent, | |

Tyya.i“cn#raspenéea'te the clasgical ﬁwsériytiﬁn of
ciinleal pavasitic gastritis in which calves, ot grass fox
the firﬂﬁ-timéfggéﬁgﬁ_a loss of weigﬁi‘mﬂﬁ savaré diaryhoea,
thic ﬂésﬁrfedldt§&n§ﬁtime from late Ju&ylﬁﬂtil ﬁhevena-af
the graﬁmﬂg easmﬂ. The vast maaorxty of ;ngusﬁed ilazyvae hﬂd
ﬁaveicmed to matuymﬁy w&thxn the expaubeﬁ peritod of thiee
woakse |

Pre gxge LX waa alinically 1nappa*eﬁt altirough large
yayuiaﬁﬁa&a of ﬁ,asﬁertagi were present, of yhich over &0
pey cont were inhibited in the early A4th stage. ‘These
andmals bad grazed infecied pasture in Hhe laee awcunie but
had no history of diarrhovea and usually appeoar healﬁhytn the
R0

Typo I wesulved from the maturat&aﬁ, up to 6 moubths
laser, of suffx anb aumbers of these 1nhibnt0ﬂ larvae to
cause a clinical condition character;sed %y nelghb ioss and

diarrhaea,.'vﬂually it occurred in houscd svock, feliawxng
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the first grazing season, during which nro clinical signs of
paraaibic gastritis were dotected.

A deserpiption of the clinical sigos, parasitologloal
dadn, aad haematological changes and pathological lesions

From eaeds fype bave been given.



PART 5

S dminasiresreiio:

A DETATLED STUDY OF NATURALLY OCCURRING

" BOVINZ OSTERTAGIASES
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INTRODUCTION

aurimg the 1nveatlgatlon of 19 outbwreaks of boviae
Qﬁﬁ&rt&giﬁﬁiﬁ in young Aryshire cattle it way posgible to
giwssify the dxseaﬁe 1nta three phasasg Type I, Pre Typo XTI
ar‘the.sta@e of Inhibition and Type ix, -Tha'charactermstxus
of thesv phases have heen described in an gariiery section,

ﬂnuuver. definita conclusiena cauxdanui be reached
about the ralaﬁxnnahmpa between the numbers and stages of
g 4353 para&iha. the Qbaarved clinical sigus and the associated
pa%halagi&ai aud physmnlogxual changes in animals affected
with naturally acquired aatertagxasis. Mbréaver, the widew
spr@ma uso of various anthelminthics taé@ﬁhﬁr-witb tho
',ﬁixmxvuity Qf purehqamng'valuahle rcpluuamcun calves, made
ﬁhe—aﬁudy of Type~£ and Trpa II outbreakﬁsuf iimited vaiune,

In order to gather more specific dota a £ield expori-
mem£ waﬁ ﬁmﬁigﬁﬁﬂ to study the‘factors daading up to Hhe
developuent of the glinical disease., Laboratory exporiuents
have been unsuecessfullin attenpts to reproduce the non
viiﬂicai suvage 01 inhaax«xon, 1.3. Pre Type Iiy S0 oDhserVawe
wiong on the association between‘inhlbmﬂmon.and Ilate avtunn
grazing wore included in the experimental design.

MATERIALS AND METHODS

- Farmg
Pwn Lyeshire farms, which had experieaced heavy losses

Crom pevasitic disease in previous years, wae chasen for the
Pield exporiment, The permanent calf rearing Tields were



73

ieanoed feom thé fﬁrmars for the graziug ageagmy May o
Novawber 196k,

A, ﬁh@?ﬁ~ﬁé$@@$?ﬁi@ﬁ and history of the twe Ayrshire
Favms s given dn Appoodix ﬁ;

Andunds

ﬁywmh&ﬁm bull calves were reared pasasibe free at Laa
?at@éiﬁﬁwyiﬁﬂu pital. an. nrmvxausiy ﬁeqerﬁﬁgd Qﬁca Secbion 14 )
At & u@m%m i age thaele calves wera gra zad Lor 2 or & weeks
o5 a agwly sown cockstoot and:whiﬁe cLoxar gmﬁ%uxa-aé the
Vﬁ%@“@ﬂ&ﬂy ﬁaapiﬁa Tum« pasiure, 7 BOCRCH in pilwes was
@anﬁqﬂa@aﬁ to. be Swaa uf @ﬂ*ﬁ$1tiﬁ Larv&a ne uo. graging
avimal hﬂﬁ aca&ss ﬁa thiﬁ field since’ 19@? e duf&nm'ﬁha
previsus hﬁ@ yaars &t haﬁ been.ploughed aﬂﬁ QYOI Tﬁis
a&ﬁmeLAQJ prnved tﬂ be ?@iaﬂ as . frequ&a% £a&eai axam&nau
ﬁmﬁmﬁ fpon calves grazing this field falled %ﬂ ﬁaﬁeaﬁ Bhe
prasencs of nemabode oZEs.

Ton calves, called the "permament® caives, 9 bo 11
waaks of age and woighing in excess of 100 Ilbe. wore dalken
w0 gach farm where bhey grazed the fielﬁ$$'a&sﬁa&ateﬁ with
prtbreaks dn provions yoars,. until elinical signg of
oatertagiasis beocame appavent. Affected ealves were returned
o the Vetexiuary Hospiital for further giudy and subsegquent
auwbopey examinations In order te prevend unvime dictyocaule
fasle Teom wﬂmpild‘ the clinical syndwomes all
“y@@ﬁ&ﬁﬁﬁ%ﬁ ﬂalves-wafe vaccinated with Dichol (Allen and

Hanbuwys L¥d., Warve, Eﬁgiand)f
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T addision 2 calves of similar age, called the
Tyencer' calves wore grazed together wiith the Ypermanent!
calves on each farm, Thoese Lfour calves Wﬁﬁélﬂﬂﬁlﬁﬁaﬂ By
rour caives overy fordtnight during the setire period of lhe
experiment, aﬁd'fuilawing removal from the iunfested pasture
they were woburued tﬂzthﬂ_?eterinary730ﬁ@itai‘wheye, after
X ﬁayﬁtma;ﬁténéﬁﬁe;nnﬁér'yarﬁsiﬁé”fﬁéé conditlons, bthey were
anhop siads | |

The ég@ and weight of the “traear“-eakvas were kopd
approfimateldy constant throughout the esperiment and this
necessitabed o vregular roubine For the reaving of parasite
froe calves, | | o

Aﬂﬂﬁﬁéf‘ﬁ#ﬂ ﬁ&iwaﬁﬂnfisiﬁilar age called “yeﬁiaﬁaméai“
eaiﬁéaggwefe.rmared parasite free duving bthe stmmmer aind % of
theue calves ﬁugplemeﬂted the Ypermanent? calves on each
farm during the late avtomn grazming periond %o sluwlate dhe
usual agsriculiurel prectice of grazing asprivg bhowrn wiih
anbuwen born calves. The Yreplacement" galves were also
vaceinatod with Bietﬁxlg

Clindeal Obgorvations

A41 calves wore weighed before leaving and immediately
on roeburuing te the Velbeyinary Hospital,

Bach Mouday and Tharsday, from May 116h bo Hovember
aph 1964, nll calves ot both farms were eosamined and the

consisbency of the faeces was nobed as proviocusly described.



FProgh rectal samples of faeces wero examined twice
weekly and daily during hospitalisation, Ffor the prosence of
nematode opgs. A4 auntopsy a full parasitological examination
was caveicd out as described in Section 1.

A%t autopsy the amall intestines of the "permanent!
calves were divided into three, approximately cqual, leapgths.
Tho emﬁﬁenﬁs.an&:mucnsal washings weve yvapaﬁﬁﬂ'amd.exmmined
as deseribed carlier. Tho mucous membraune of each lenghi
wag morapaed off #hﬂ.underXYing mugcle and pepavatoly digested
with a pepsin-~C1 selution. Examinatian was carvied oub in
ﬁﬁa soime manner as abomasal digest. The results of theso
pramninations haveﬁbeen incf&ﬂed #n Appendix C.

Hacumatological Obsevvations

A 2 to 5 ml sample of jugular blood was takon frem all
ealves at waeekly intervals and determinations of packed cell
voluno, hoomoglobin concentration and total red blood cell
counts woare carried out. EDTA was the anticoagulant usced.

Biochemdcal Obscervations

About 285 to 30 mi of heparinised blood was collected
at weokly dntervals from all calves, Ploasma pepsinogen con-—
cantration, totnl protein concentratiouns and albumin to
globulin ratios were estimated using the methods sot out in
Sagobion 2.

A%t autopsy a sample of abomasal contenis was collected

feom gaclh calf. The pH, sodium, pobtasgiug, chioride ion and
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gastric pspsin concentrations were estimated as dessribed
PEOVILUS LY.

Metbereplogical Observations

Recovdings of temperature and reiabtive humidity were
made at ecach farm on thﬁrmographia and hydrﬁgwaphic recorders
supplied hy tho Bap&rtnant of Meterenl&my, ﬁdxaburgh. These
raaarﬁlu%% were made ab ground leval insmﬁe a atanﬁar& “
m&t&r&@lﬁ&ical weather 3@reen and were ﬁﬁnﬁlﬂ“ﬁuﬁ from June
to ﬁﬁvamharg 1964, The paper on the raﬁaxd;aﬁ drum was
: uﬁnﬁgéﬁ'eﬁafy mdnday maraiﬂg and from the ﬂataAcnllﬁated, the
montbly mﬁam amximum anﬁ maan minimum ﬁemparatura aad mean
- reintive humidity were nalculated.

Meaguremenis of daily rainfall WouK 'J%éa-at ﬁﬁé'lmﬂal'

metareﬁ&ogieai statian which,in eagh ;ﬂsﬁaume waa leos than

ana miie fram\the farm& atudied.
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RESULTS

For tho sake of convenience it is proposed o vecord

the vosulis of these obsevvations in three paris, namelys

Pavt 1 tPracer Calveg®
Part 2 tParmanent Calves®
Part 3 "Replacement Calves®

"Tracer Calves"

Biumrﬁuea, Dhdty WS recorae@ffrﬂm onily one galf on
Farm &; calf Nn. 2 on day 1#. On Farm B six calves were
ﬁbsamvcé aa haVB ﬂ+*+ dmarrhaea but in each case fiﬁid fasces
wuas nat@ﬁ on one observation day only. in nt case was thoe
'dmarrhnﬁmlﬂontxnuauaﬁl Tha presence ef d&arrha@a wag nat
f@iﬂﬁ@ﬂ %ﬁ ﬁhﬂ deﬁrwa af pﬁraaitlu 1nfe¢ﬁian anﬂ was aa&m
ﬁﬁéorﬁﬁ b b@ uapus§9c4fim and of unknnwn Meﬁmoto

Wei st galns showed extreme varz“biliﬁ on both f%nms,
values foom +1.0 to =3l Ibs. per day wove vecorded, There
was no velationship betweon weight gain and parasite burden.

Tn geneval, the majority of the tgracert calves
appeared bright snd well contented whon gwram ing on the ealfl
rearing €iolds of both farms. However, during cold and wet

pepiods the “tracer! calves did mot thrive parfticulariy waell.

Betimation of the packed cell volume, the hacmoglobin
concentration, the total serum protein omd the serum albumnin

concentrations were carried out on weekly blood samplos taken



TADBLE 9
The Farasmtalogacﬁl Dot from. the "trocer! Calves
ﬁramed on Parm A
Jald ‘&weﬁtémtmgi E&th T Q.osterd Cooporis ﬁemaﬁadJ Total |Worms
Neve Tobal Stage™ tagl - Tobal jivus Buwrden pe;dar
' ' poxr day Tgtal

i T 5 GO0 10 114 80 160 14840 31
2 4,860 353 10h 160 160 1,780 127
5 2,640 33 189 ¢ .{»,k00 5,040 364
B 54680 34 263 80 | 2,500 5,160 Lid
5 - 25,280 33 1 1,808 wso | aho | 26,080} 1,863
& 7,040 183 I 503 580G 11,600 9,120 651
V4 14,280 Y 1,020 560 | 1,200 16,0801 1,149
2 13,090 15 935 160 YR 13,970 998
g 15, 140 1 | 1,081 2,680 |3.680 | 20,900| 1,493
10 5,740 25 10 060 1,280 7,980 57¢
%4 14 . 520 15 1,037 3,040 | 2,250 19,8001 1,414
12 22,120 - $6- 1,580 5, 180 R 1) 27,7261 1,98C
i3 54 ﬁdﬁ 3 3,284 6,560 | 5,360 55,9001 3,992
(L 35 520 12 2,822 2,560 | 5,280 Wy ,3601 3,38¢
15 3ysue’ & 274 1,440 | 1,800 L 7 3EQ 50¢
16 54,680 12 | 3,691 8,820 |1,k00 66,9001 4,35¢
17 16,810 4o 1,401 4,800 15,4200 24,810 2,00
18 110,730 37 74909 12,850 GO al, 040! 8,86¢
19 0,760 43 | 697 83¢ 800 11,440 81
20 3% 440" 70 | 2,674 4,080-13,540 h5,0501 3,21
23 18,000 a9k 783 4,860 LBO 23,2801 1,01
28 16 300 95 84h 12960 {3,500 25,1001 1,09
23 29 600 95 1,200 4,800 480 92,880] 1,42

¥ The pew@amtage of the total ﬂ.ostartagm ﬁﬂ“ﬂt present

26 o Xy hith stage larvao.



TABLE

10

Th@ Parasitolog&uwi Data from the “tramar" Calves,

&va zad on Farm Ba

Cale @§JQbQ?"YE bl Q,0zster~} Cooperia mgmﬁﬁaﬁw Tota Warﬁs
Ho. | bagl Stage®] tagl Total s Burden | per day
} Fouval - pexw day Total
+ ] 2,080 | 27 | 149 ako | 1,840 | 3,760 | 269
2 1,160 7 B3 6ho 760 1,920 137
3 o 0 0 4) o O 0
I 720 o é o + V20 6
5 240 0 17 0 ¥ 240 17
& 460 ik 1O 80 $60 1 200 36
7 160 o 14 480 80 720 51
8 Lo 4] 31 160 240 840 60
] aho ¢ 39 0 L30 V20 51
10 320 ¢ 23 160 160 6h0 58
'E 00 | 20 57 320 240 | 1,360 97
ia Y20 33 519 320 560 1,630 11k
$3 1 194200 15 800 3,600 | #,6h0 | 19,840 {1,388
1l 1 10,560 i8 L0 3,120 1040 144520 | 1,037
15 § 65,380 9 450k 26,160 | 8o | 80,560 | 5,754
16 | 32,660 L 2,969 124340 6 | 45,000 | 4,091
17 1 Bl1.%60 14 35697 19,600 & 1 ¥1,960 | 5,097
18 | 4,560 18 351 0 0 Ly GO 351
19 | 7,800} 9 709 10,880 o | 18,6580 | 1,698
20 | 11,400 | 18 1,036 " 2,320 160 | 13,880 | 1,262
21 | 13,650 | 23 o7h 12,340 | 650 | 26,620 {1,501
22 { 8,080 | 31 577 L,6h0 460 | 13,2001 943
23 | 2,000 | 70 154 1,360 | 1,200 | 4,560 | 351
2k 1 h,o960 ) 45 350 7:560 } 2,780 | 15,0060 | 1,114
25 1 41,769 85 2,483 8,000 ES3G | 59,240 | 3,865
26 | 28,%50 88 2054 21,220 &60 1 59,630 1 3,895

ey
W

early 4ih stage larvae.

The ﬁ&ﬁuﬁﬂﬁabe of Lhm total Q.ostexrtasi cownt presecut as



78&
from the %dracer® galves on Farvm & and Fawm B
A atudeonds' BE" fest analysis of Ghe difference
bebuvoon padpad wa&dimgg;taken on day O and on day 18 of
the grasing peviod, vas carried outsy AL values of "¢

wore Tound o be not significant at sthe § mow cent level.

Pavapitoiogical Dats

Tuws calves, Nos. 3 and 8,Hfrﬁm Farm A aud cald E@;éy
Freom E&rm~ﬁfshaﬁﬁd paaitive:egg ééugts~an~day 18y 1a0q
aubopay dav,. In each sage the count was B0 Nomabodizuos
SO DOV ZUAN .

Voo, Conpgha

Phe antopsy worm counts of the Yimacex'® calves firom
Parm & angd from Farm B hove been recovded in Tables 9 and 10

ragpocshively. In every case Q.osteriami was the predominant

nempbode apecies found at auntopsy. An esbiamsbe ef the number

of Qeoptoriopd and tolal unematode larvae wivich became

established per doy of grazing was calounlated by dividing the
respective totals by the number of grazing dayse. These
Pipures are gshown in the appropriate columns of the above
tabiog.

Calif Moe. 3 from Parm B was the ouly calf in which

nemabodas were ot detested at autopsy. 4s a soall nuuaber

of lesiong, bypical of Ogostertagi infectloern, wewe found in

the abomasum b is likely that the numboer of abonasal nemaw-

sodes woas ieoss than 160, The minimum nunboyr of worms which



il

TAVLE

‘?hc; Combined Work Count Data from the Ydracen?

“The Moan 0. osbeprta

&.f*xlveu which {wa.ﬁad Farms A mm 33\ '

i Gount «.md tha Poarvcentnge of

Gl

v ougt P

osent as Barly hth Stage Iavvag

 Poxivd Ne, of D.oster- |Percenbageialy Gk Smg:‘
- Geraned Galves tagi » : s
. Mean Count Moan : R;ﬁﬁ@;&*
1175 - 25/5 2 1,770 17 7 - 27
as/y - 8/6 4 940 12 O - 3533
86 - 22/6 3 1,750 2G C - 3h
26 - 617 i 84230 13 O - 33
Gf7 -~ 10/7 ) 6,980 10 G - 29
20/9 = 3/8 L 5,450 (k! 0 - 26
B8 - 19/8 I 14,600 35 13 - 10
T8 - 31/8 L3 45,700 B 53 - 18
31/8 - 49 4 26,000 19 8 - b2
/e - 28/9 4 36,700 26 9 = kO
RB/9 - 12/10 2 10,900 2y B3 - 31
12/10 = 26/10 L 13,600 58 U8 - FO
26410 -  9/11 2 35,300 87 BG w 88
26/10 = 18/11 3 21,700 G4 Ol - 04




79+
can bo detected by the counting technigue used ds 80.

The resulils af’th§ WDrQ counts Lrom “Heracer' calves
on both faxrms bhave boen combined in Table 11 whick shows
Bhe mapn Gzﬁstertagi gount -and the meax smd range of the
porcentages of garly hih stage O.ostertagmi Tox gach prasing
yermu&. ThE'uumbars af ﬁ,nsfertégi recovered increased
sharpiy duﬁing the 3acand hqif of August and yomaiued at a
high ievai until. ‘Hhe aﬂd of Sepbember. »A“aeGQyﬂ xaaeAxa
'parag&tu aumhars nceurred in. Nuvember. The3§§£ééntmw§ of

the ﬁntal numher nf ﬁ.aatertagz present as aariy &t& stage
-pawaamﬁaa gﬂcreased 6ireetjy thh tmme artcr tﬂc ena of
A‘Segtumbar - | o
iﬁlﬁﬁicmmﬁﬁé Data‘

, - oR MoRE T '
cCalves infedted with 10, QOO O owLaxtagm ‘sboyed higher

goncenteabions of plasma pepsinogen on day 14 bthaun on doy 9,
but this imaiaaﬁéiexdeedeﬁ the normal limits only ia those
catves with the heaviegt infections,.

i galves from each farm had abomesal pH valucs
gre*taﬁ thon the mormal vange of 2.4 + 0,4, A similaw
compaxison ﬂf-abomaaal alaectrolyte concenitrations showed

that tho samglea exanined were still within the normatl rauge.
Eoﬂe of the.“Trauar“ Qalvea develuped the  degree of ahoﬂaﬁui

chmnge ﬁhﬁﬁactarmstie of' clinzcal ostertagiasls.-

i
.



TADLE 12

The Ages, Graming Periods and Bodywyelght Data
of the “normanent! Calves on Faxwms & and B

Caivl Agel N _ i\Io.i}mys - Weightlba! Welght sl Galn per
No. |Days| Dates Glemad |Graming| Day ¢ | P.He Day| Day ib.
| 7Y | as/5 - /B 71 Vel 195 + 0.7
e LYy ey - /8 o7y L w2 | a38 ]+ 0.2
3 77 25/5 - /8 71 1536 1B& s 0.6
k 67 | 25/5 - 4/8 71 120 Gk 043
5Dy oboes/s o« B8 1 71 168 210 + 0.6
6 | w9 | 28/5 - 33/8 | 98 120 140 Y 0.2
7 Y7 1 25/5 - 31/8 | 98 140 216 + 0.8
8 | 77 | 2s/5 - 20/9 | 118 | i34 - .
g | 68 | 25/5 - 5/10 | ¥33 105 | 150 SRS W
0 | 97 | 23/ - 16/10) b ] 120 161 | % 0.3

Farm By .

3| 63 | 1i/5 - t0f9 | te2 | 126 | 228 |+ 0:8
m | 63 | 11/3 - 10/9 | 122 | 126 218 | o+ 0.8
a4 |l és | 11/5 ~ 1079 | 122 | 109 202 L+ 0.8
L RB | 11/5 - 1078 122 100 | 186 o 0,7
5 L 61 | 11/5 « 10/9 | 122 | 146 236 | + 1.0
G 85 | Eﬁfﬁ_é as/e | 126 118 192 + 0.6
7 | 63 | 11/5 - 2/16 | 14 104 135 - 0.2
g 1 sh 11/ ~ 2/10 thy 117 150 2+ 0.2
9 6% 1 11/5 -~ 19/10] 1061 188 2hy + 0.7
10§ ¢4 1 6/7 =~ 19/1Q 05 153, 166 v 0.2
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*Pevmanent® Calves
,ﬁiiniaalnﬂata
The,ﬁatailﬁ a£ agey grazinw bimey tnitial weighi and
ﬁaily mg&aht sain of each pormanant cal® used in the study
awe iveﬂ in Tﬂhla ?3.
fuuﬁ waeks after'bﬁlng put nut ﬁu %méza on Farm By
udﬁ cai? wns faund to ha ﬂﬁt thrivxng mﬁd RS &HﬁOFSLGﬂ 1L
June ?)hﬁ 1)6h‘ A severe diptheratiu laa&nn bvpical of
arznabaatargum EE genes infactlan was fﬁnnﬂ invalvxﬂg Lhe
phwrgnh auﬁ aeaophagua.' ?glf Ho. 10 repiaced the - autﬂpaled'
alf on July éth 196k, o . | ‘ ‘ -
o Five of- the Len caivaé graéxng Q33 - Parm A showed

sevoire ﬂiarruaaa (n+++) on. one or two sbu@rvntmuu days
dnfingﬁtha_perlnﬁ 3 to B ﬁeeks from the cammaneemeut gf the
@xberimanﬁ; This period of diarrhoea pioved transitory nnd'
no noticeable change in growth rate of goneral appoarauce
seourred at this time, ALl ten calves conbinuocd to grow
gatisfactoxily anﬁ-waw&‘in good condition up do Jﬁ&y b 271
1e0e the 9th week of the investigaéion. :nuring the ¢th and
106h weoks four of the permanent calves, No.s Ty, 2; 5 and 9
shouad a ﬂwvare,_brighﬁ green coloured dinrvrboes and in
calvea Nog, 1, 2 aiwl §«tﬁia was accompanied by a noticeanble
ioss of wolpht and a depressed dispbsiﬁi@m; ?h# elinical
signs é@mﬁinuad for 9 days and at this ﬁima Le0. ¥ days
aftow the onset of clinical signs,- the three affected calves

wore autopsied together with calves Nos, 3 and & which wewe
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not elinically affoected, The severeo diarriives shown by
calf No. 9 ceased after a few days and togethor with the
vemadaing calves no sign of ill health could be debermined
at thie time, alibough in veirespect, their growih rates
from the 11th week onwards were noticeably reduced.

Between the ihth and 16th weeks of the sbudy, four
af"%ﬁm'ﬁgvg'ramaiﬂing_aalves showed varying peviods of
imﬁéymiﬁﬁa@t,\ge&e:e, watery diarvhoea. Im each case,
when blw ﬂiarrhﬁea_was continuous for iwo Qhaarvatian Anyse
ﬁhe.affbgtédiaalf_was;takeh back to the Veierdnary Hospital
‘fmb'autgy&y.examiﬁaﬁiqn*

CGall No«io differed from the 9 ovihegy Ypevmancani®

ajveﬁ in that no change in faecal consiatency ox wellbeing
wan uﬁtaﬁ until day 140 sf tho study ak whileh fdwe sovere
amntimumuﬁ.diarrhuea was recorded, A mmﬁexately radngad
vake of growbth woas noted in this ecalf from the 10th week
onwards, Clinically affected calves were typical of those
already dosoribed eariier on comnection with the Type X
@ymﬂramay and the usual procedure was to autopsy the calvos
within one week after clinical signs had appeaved.

T general a similar pattern of clinioanl sigus
doveioned in the "permanent" calves ou Faxm B exeept that
the onset of signs was noé as sharply demaevcaved ag those
seen iu calves from Foxm A,

Botwesn the Lth and 7th wecks of grazing eight of



824
the bton ealves shoved a tauvsibtory period of wmoderato

S

diavehosa {D++) which appeaved €0 have I1Zidle 4 auny effect
on thely gonewval well~belag.

Dueing the period bebween the Sth and 11th weels
five calvedy Nose te 2y 4y 6 and 8 developed goverd bub
intermit@‘aﬁ«ﬁiérrheﬁa* A marked checlk #n gwouth aind
wedight gaiﬁnﬁéémfﬁad in these calves. The havsh, staving
eoabs and @meaﬁa.aﬁked'ﬁails and hocks contribubed greaGly
to the &ii-ﬁhriﬁéﬁ apg@araﬁce of thiézgrauy off calves. Dy
ﬁh@.amﬁ‘aﬁ;EL@fi5t$'weak'anqther threefﬁmivea¢ NQ&QIS; 5
and'§ﬁ'h§ﬁ;beuama ﬁimilgrly afﬁécted and durdiang %heﬁ%?%h
wé@k tho fnrmer'fivé“calv&s were'autopsiaﬂ*‘ iﬁtérmi%tamﬁ~
ﬂi§$rhm@a,Isﬁvere a® times, and-a progﬁeﬁs&ve‘iﬁss of
Waight'ﬂ@vélngeﬁ in each of the fi#e remniﬁiﬂg'ﬁﬁivéﬁ ﬁhich
WORO aubopsied at vavying intervals. Thoe lagt aunlopsy was
of oald Vo, 3 which subvived a period of 161 days of grazlng.

Throughout tho éxy&rimemtal o g ﬁﬁﬁtwaighﬁ gain of
all ealves on both farmn was uﬁsat@sf&c%ﬁﬁyg compered with
catves veaxad at the Vest of Scetland Agwicundtural College.
There, Ayrshire valves at grass aged babween 3 and & mounths
galued T.33 Tha, p&&*dayg.(walker - Love; pevsanal
comiusloation) .

ﬁaem&ﬁﬁiﬂ;iﬂal.ﬁaﬁa

Dato celiccted from both farms wewe analysed

separately by the analyesis of wvariance nethod.
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Thors was a significaﬁt difference hetusen calveg oxn
coch farm ab qifferent sampling periods. Bach oune of the
pavamebors measured showed this difference.

However, as tbhe tvend with time yas nos lincar it
way deecided to camyara tho overall group mean {(i.c. She

SUoLH e a?eyaaad oveyr all times tnéxuaed in the ana&yaia)
with a 1mh&@f grﬁap me o calculatéd from gruﬁpg ef non
affected calves f@ﬁm vgwions farms. (sco Appendiz A.)

The averall group mean values for packed celdld velzma,
fe&-hieﬂﬁ mell counbs and haemnglobin gomeentyation of
mmaﬁfaaﬁaﬂ-animala of éimilar age were 3%»3,’$‘t3 and 11.4
f@ﬁgé@tivai§; Hhuu t&as& values are eemy rmﬁ‘with‘tﬁe
Vﬁffeﬁyﬁhﬂ&ﬁb : luss ef jﬁ.h, 7. 88 and i%,ﬁ f?ﬂﬁ-the elinice
Aa!ly'affeuted calvcs xt can be appreciaucﬂ tﬁaﬁ there 1u ne
uéﬁmifmsaﬂm dmfferenv bmtween the meax Values.frem affectad
and tho nom affected aunimals.

Paragitological Data

Faegal Dostounts

The individual results of the Trichostromayle spp.
egez counts together with the weekly mean Irichosivongyio
SPIe am&uﬁemataﬂirus'gggg egg counts arc shown in Figures
12 and 13 Tor dalvea o Farm A and Farm B resgectively.
The mean Nematudirhs _EE egg counts were gignificantly
ﬂifferanﬁ i1 ail Mamplmn dates, cuunts of calves from

rarm A wewe 2 to 2 times higher than thoge from Farm B.
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Pooause oalf No. 10 from Parm B did nol commence grazing with
the obther 9 calves, vhe dadn from hhis Qd*f has boen exciuvded
foom Plgnee 12.

The shape amﬁ anplitude of the cuwvaeg X uv'i HHCTAkYS

@riuha't ungyia ﬂig egg counts owve yvowarkably a¢m¢1a¢ 0
A‘bgﬁh:”&wmsg,-Th@'eaﬁemﬁiai diffevence h@ﬁﬁﬁ%m ﬁuu two pols
of dobta iies in he fact: that avantb on va@ A pécurved

-

garliex 1u& LhaL a greatow degre of varia &iwﬁ etueon

b

-

3&* “1dﬁa calves was. ghawn by thu ualvag 341 Fﬁfm A ngmyhreé
wxbh Lhﬂﬁb 011 %@@m B. |

ﬂu@vaa on Paxa A hﬁd patent Lnf&¢t¢un by ﬂayvi?
»iﬁﬁila £ E wm n th; ‘ﬂiﬂ aot oguur unt&} day H& uf bhu;3
:e§@$m¢;én§. Tha méan agg counts of éalv o153 ﬁﬂ Paxm A ra;
Bo AB0 cl.peSe oR day 42 and 1L was maant&imeﬁ at bhis ig%&&

+,

for the nexd 60 days of the experiment axceplt for tu

o

clhiservalisoa periceds aveound day 70 when $he meau couwnd
inepensed b0 550 C.p.ge At this time 5 calves were wemoved
fwrom ﬁﬂé mroup snd the mean egg count fell to BED QeDeile
puod - again,. Tawardé the ond of the experiment, wien only
pRete aaiv&é remained alive the mean egg coundt was maintalued
above ?y%@ﬁ Calinn

‘ﬁa mean ogg caunﬁ of calves from Farm B varied
Belween 200 and Qﬂﬁ~a.p.g, but whon the m@aﬁ~waaehed phis

ievel on day 42 of tha ekperiment it rGMmin&ﬁ consbant up

to day 122 atl which b¢m0 5 calves were removed from the
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TABLE 1k

The Cumulative Mean Total of Nematodes Recovered from
the Ytracer? Calves Compared with ths Mean Total Worm
Counts Found at Autopsy of the "permanent" Calves

FARM A,

Grazing .

"Tracer" Calves

HPermanent® Calves

Cumulative Count Mean Autopsy Connt
Pexriod No.of Worn No.of | Worm
i .Calves Count ‘Calves | Count
25/5 = 4/8 10 5l , 450 5 1 49,810
25/5 - 31/8 4 | 129,840 2 95,960
25/5 ~ 20/9 16 162,850 . 1 | 111,400
25/% - 5/10 | 18 | 188,275 i 163,200
25/5 =~ 16/10 20 2164515 1 148,600
.?ARM B
11/5 - 10/9 18 114,580 5 106,040
11/5 «~ 28/9 20 140,860 { | 106,800
11/5 - 2/10 22 146,770 2 71,760
11/5 =» 19/10 2k 165,470 2 52,400
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group, From dwy 122 onwards the mean egg cowmé increased

progressively until it exceeded 1}009 C.Peg. by day 140,

Woxm Counts atiAatppsy

The woim céunts of;the-"parmanent“ calves from both
fd?ms»ha&é;b;en séﬁtgﬁt in Table 13. 4n estimate of the
nﬁmber of 6;ésterﬁégi and total.nematodes-which becane
GSb&bllahOd per day Was calculated by div1d¢ng the vespective
tntaL cﬂuan by the number of‘grazing days.

| The relatloﬂshlp between the numbers of worms which
becqme‘eéiabllghed in bhe "Traoer" calvea and ﬁhasa esﬁab-
jlmghed in the “permanaﬂt" calves was derxVed by addrng the
ﬁmean totdi WOIH ccunu ef each suécessmve pal 'of "tracer

alves for Lhe gerlod prlor to the lasu day of grazzng of‘@
the "penmanent" calves‘ As- succeadlng "pernaﬂent" calves
were autopsmed a cumulatlve‘total worm counb. for “Wihracexr'
calves was calculated.
| Thé results of these calculations, foxr both Farm A
and Parm B are shown in Table 1.

' Ab the time when clinlcal slgns flrst beaame apparent
there was good agreemenL between the estzmatas of estahlished
woxn poyulations in both "tracer" and-“permanent“ calves,
However, after this time the numbers of woxrms becoming
establlshed in the\"permanent" calves was less than the
cumulative total found in “"tracer" canggi

Differential worm counts were carried out on the



TABLE 15
Phe Biochonical Data from Autopsy Samples of Abomasal
Contents Collected from the "permanent" Calves of
Farms A and B,

FARM A

g _ Bleutrolyte Conc.m.e.q/1 Gastric Pepsin
ﬁg}f Ab“$§?31 Né¥ ~ ¥kt 1 c1” gg phenol/mi/hour

1 G425 106 19.2 123 Q.125
2 6,05 106 16.0 119 0.135
3 %, 90 104 11.8 120 G157
‘ti‘ 2095 ' 93 . 13-8 127 ﬁiﬂ?ﬂ
5 6 .05 104 23.8 104 0,076
G 705 124 12.4 114 0.093
7 715 1 128 740 101 0,069
2] Nqﬁfq, .r{uSg NeSe N.S; Nasl
9 6149 . o4 18 93 0.039
10 5.8 82 19.0 | 112 0,120

FARM B
3 670 113 17.0 114 0. 075
2 54 Q0 104 15.2 116 (e 104
3 6,35 115 8.4 132 3:055
4 705 121 9.4 110 6,060
5 7« 10 12k 10.8 117 0. 064
G 6+ BO 12 15.2 112 0,065
7 G, 80 130 29,6 104 0.011
a 3,60 66 6.8 118 0.108
4 3.00 68 18.8 108 Q.,046
1G 3.88 9z 1G.0 118 0095
We8e = No Sample

ma@aq/1l + wmilli equivalents per litre
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864
conteuts plus washings and the mucosal dipest of each thied
of the small ivtestime and these vesulds have bheen dunciuded

in Appendiz €,  Bolbh Cpoperia and Nemabod

N Were wore

numerons in dthe Divesd dhivd Qf'tue intestine bud o Leavy
iufostions gabstontial numbers were found dn the second
peglen,  Oniy saall nusbirs were recevered frém the &ia%al
Bhvied of the small iﬁteaﬁimeg Up to 15 pew cent of ke

botol wopm burdon was reoovered Trom thoe mmicosal digoots.

'

Biﬁﬁhmmimai.ﬁata
| e vepults of doterminations made at aubopsy on
aﬁdm&ﬁal_yﬁ,-gaatiic eleotrolyte and gaﬁtria PRSI COn-
contrabion are :aguyded in Table 15. Thege resulds wers
indiaﬁim@&i&hahia £yom those obtained fyrom oltbor outhreaks
,o?_%yp&’Kkh&vi$a7ﬁat§%?agiasi$, |

-'ﬁiguwea il and iﬁ‘ahow the Qraphﬁ=ef the change wibh
Lime da t@a plasig pepsinggen>concentra%iﬁﬂ'mf inﬁiviﬂual
calvan fyom Papm ﬁ; éimilarly, figures 16 aund 17 depict
graphs dyaun from data coellected from calves ulvich gransd
Poaorm Be. There was comsiderable variation in Hho pate and
degiee of chonge iw plasma pepsinogen coneentrabion betwoen
individual calves on both farms. The vapdd increase of the
piagnm yayainu@en concentration in individual calves was
divectiy welated do the ouset of severe clinical siguns and
alao ko the nuubex of Qsostertapdi pruseaﬁ‘aﬁ auntopsy «

Calvas whish developed the clinical disease later in the
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experinent bad dow plosus pepsinogen coneontrabions during
the eaxrider perind,

A graph of the group mean change 3u pepsinesen cou-
centraiion of calves f#gm~§aéh farm is ﬁ&mwn.im Figure 10,
Phe relabiouship belbweon the plaswa pepsivogon ﬁnnaen#@&*
fdous of the Ypermanent® calves and the moan nunber of
gﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁf&und at autopsy in the "iracer" calves is
shown dw Mgure 19, The difference in reaspouse hetween
gaives on Parm A and thoss on Farm B was divectly related
'%é‘ﬁﬁa’ﬁﬁﬁbééé‘df'&aﬂaﬁertagi which beasme esbtablished,

Patsholosical Datn

Y

L0 5 % pathaidgical examination was made on each colf
and the legions found were indistinguisabic Frow those
agseciabed with the outbreaks of bovine vsteriagiasis. 4
d&ﬁ@k&pﬁi@ﬁ of the wain pathological fiundings has beon givon
i Part 1. Only the relevant pathological cenclugions Will
o discusgoed hove,

Mﬁﬁ&ﬂﬂﬁiaﬁigai Data

Dola relating to the mean weekly maximuwm and minimum
Temporabure and relative bumidity together with tho tetal
geekly sainiall are showi for both Farm A aund Favm B in
Pigure 20,

Ho vonsistent relationship could be found botweon

the medocovoelogicnl obgervations made and the degroe of
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TABLE 17

Phe Antopsy Woxm Count Data from the "roplacement?
Caives Grazing Farms A aund B

i FARM A
Calil O.osberiagd Bhiikh  O.ostertagi Goap&gié}Eeméamxw‘TaﬁalA ' orms
Wo.  Total | Stage® per day Tobal Total | Burden pexr day
1 18,000 16 1,506 N.E Nelle ~ -
2 12,3 !ﬁ}ﬂ’n{} 16 59&60 , NvEd NQEU b -
3 129,800 22 5,643 1,200 .04 | 151,0806,568
I 21,000 777 5,280 160 | 26,440, 979
5 5,500 3 188 4, QG0 k400 1 13,5000 500
TARM B -
1 16,000 b2 2,666 8,000 80 | 24,080| 4,013
2 89,180 46 3,006 20,720 2,320 | 110.220| 3,455
3 87 5 560 23 3,019 60,720 | 3,280 | 151,560 5,226
I 53,980 8 1,860 N.Eo - NeBe - -
5 53,520 27 1,480 32,000 L,480.1 90,000] 2,500
N,BE, = HNot exuained
* JTostertagi count present

The pevcentage of the total U

ag eariy 4th stage larwae



ate

58.
parasitisn which was found in calves graging hoavily

infected pasture,

"Roplacemont" Calves

The prime object of the five traplacement? calvoes on
eaok Ffaxm wés to simulate the practice of burniang out spring
boin calves with older autumu born calves because it appeared
;ﬁa@ the fermer animals were more susceptible ¢ biio discase.
Tn additlion it was likely, on the basis of previous ex%grin
once, thabk at least half of the-"pﬂrmaﬁanﬁ“ grﬁup‘wdulﬁ
have succunbed te the diéease by Septembexr aud it was thought
neseéaaxy ta‘maih§ain~a«ﬁﬂnstaﬁt_stncking-rate theoughout
Hho mugumn&graziﬁg period, ‘

The “replaéément" calvés weéeﬁtakehtfm-tﬂe farms on
Sagtamﬁcw 8th and the dataiia of thexr npe, grazing perviod,
dnitial waight and autapsy weight are given in Table 106,

Bach one of the “repimcament" calves developoed scevere
Type I ootertaglasis witnin h weaks of beiung puit ou Lo the
conbaminated pastures. In all, six of the ben calves diaed
on the farws and a further three were in oxtvemds when
hoought back to the Vaﬁ@rinéry Hospital. Ou Eﬁrm A, bhe
clinical plcture was complicated by a moderate degree of
dictyocauliasis in four of the five calves. This disease
did not oscur du Farm B; |

The vosults ofbthe autopsy worm counts ave shown in

Pable 17 fron which it can be seen that beevy infections
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api resulted and accounted for the clinical signs

of Q.0ubor
obsoxved. Inhibifion was not a feature ui the worm popula-

tion prosoent din these calves,

DISCUSSION

;,Thm,ﬁaa Qf paragite free calves o delernine whethex
or 1ot o given pasture was contaminated with species of
bavine uematuﬂ& Jarvae, has been reported by Goldberg and
Rubin (1956)5. Goldberg and Tucker (1959) and Durioc (1p62).
Each of these papers vecord that a single.cpdfy 3 to §
mémt&g ﬁf*agag‘ﬂqé“useﬂfﬂa:estimate.thgﬂavai&ab&iity;ef
&f *awvze 931 nrﬁ*f:em¢liy 1ufeeted pasture plols over a
Asn@rﬁ,pariﬂﬁnﬁf‘t@me‘aﬁ various interv&mu thveoughout - the yoar.
This ds ﬁh@”fiyﬁﬁﬁragnrt of an attempt bo xelute the availe
alyd iity of larvaes aaaessad from tha auvtopgy o counis of
Mxaces? galves and the oecurrence of outbreaks of bovine
&a&ﬁwgmmﬁ@riﬁia'unﬂer:nmﬁural grazing conditions.

A glgnificant Ffealure of the “twacex? eall techmigue
was ﬁh@ ghoice of a graging poriod of 14 days and an avntopsy
intorval of 4 days posit grazing. These Lilnes wore chosen
hocauso A h&& baen shown earlier thmt,lunﬂgr gxperimental
astertap

@ﬂﬂﬂibiﬁ%“g the adult Q.0 i gupuln&ﬁﬂa dacrensed

esf

‘hubuean the Srd A Hth week post 1nfa&t’$A,GQﬁ that thvls
deorease was wmorkaed faliﬁwing the unseﬁ of the clinical

signg of bovine ostertaglasis. Nome of ithe "iracowrh

caives developed elinical signs during this study and in



OC.
addition aﬁrautapsy, narked changes in the il ow eleotyolyte
Lnuuﬁaiwatiuﬁs of the ahamaSal contents wore net recorded,

It ig. likely, therefuove, that the numbows of Q.ostextapi

and probably of all the namatodelapeaies'fuund.at‘autepsy
were o brue estimate of £h¢ paraéites'whﬁmh,baéam& éatubm
lished in %h&&e oé&ves@ |

Beeausa the meaﬁ 1utopsy worn count of calves
@i@ﬁ hvawed nt tna onset of ciinxuai dx:aaﬂe ia of ﬁhh sane
order as tha maean nnmulativu worn count of th@ "Traeer"
ﬁa&vasg‘it.fﬂilnws that, despite the vardiability between
calves ﬁf 2 traéar paix, the "tracer"Acaif toachnigque provides
a good esbtimate of the nunbers of infective larvac which are
avaiioblie to the otheyr young calves grazing the same field.
It damuﬁst@aﬁa& alse that Q.estertagi larvae are availablo
theoushout the entire grasing season, a finding which cone
Pirms the ccological atudies made by Rose {1961) ip the
seuth of Lagland,. Calves had not grazed the calf rearing
ficids on oither of the two farms since the prewvioug autumm
yab mudgratﬁinumbara af worms are present in the £ivrst
"traebrﬁ calvas. -The number of larvae which survived the
winter was nob suffiviant to cause an inmediate ocutbreak of
digease but readily infected the young calilves, establishod
n pabent infection, and initiated the accumulation of
infactive ilarvae on the pasture. On bobth frims the mean

faccend ogy counts of tha permanent® calves quickly rose Bo
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BOO opss DO EYaile

I 1964, sowme 9 to 10 weeks of coubipual lavval intake
FOAYE raquiéaﬂ hafore the characteristic elinmical siges of
bovine oshkortaginsis appeared. Two factows which indivonced
bhe onseb of clindical disecase were the wate of larval dntake
and eobablishwent of the ¢linical thresbbold asumbor. The
rate of invval iuntake and establisbhment wag iniitially lovewr
o Farm B than on Pamrw A angd this accounts for the dolayed
appearnncee of the onget of elinical siges oun this favine
Pho elindeald bthreshbeild wmumber of parasitos, defined as
that nombesr which procipisates the appearance of clinilcal
signs, appeavs  to e reilated to the bodywolghi of bhe calfl
guring bthe infegtion phase, since the threshhold wvas shoun to
e somo 50,000 in calves ol about 170 Llbs. weilght and 100,000
im h@aéiaﬁ aalveé of 210 ibs. weight. |

Wh&ﬂ’yuﬁng "replmﬁemeﬁt" calves were introduced iudo
e Lields in Septembeyr, gaéture.contamiﬂhﬁiun wan Reavy s
larval iunbale and establishment was bhigh, snd bocauvse the
enivaes gere smaller thamn tha'previdus batoh theivr climisal
thresheld sumber of parasites was quickly excooded and they
sucatmtbad o btypical fTypo I ostertagiasis. EE had boen
notad du Poxé § that spring born calves wawe either she Lipst
Gy Bhe woest alffocted calves of a group sulfexing from the
Type L discase. The rapld onset and sevewrity of Tthe discase

in the Yreplucowment® calves confivms thic obsesvation and
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cleariy demonstratos that this management practice ds unsound.

The compaps farm practice of rearing calves iln the sane
agmall £ield year altex yvear must #139 be condomued,; bocause
3% veadily focilitates the rapld acommulption of lerge popul-
ations of nematode larvae, many of which survive ithe winter
to inihicte the parasitic eycle in subsequent groups of
suagcoptible calves.

vThﬁ:élinicaiwsyhdneme which resuitod, in the calvcg
'3raaim@ @n@ calf rn&ring fields on both farmﬁg was indise
ﬁiﬂg&lah ﬁia fram the Tygc I syndrowo descxibed in Pavb Ey
ﬁff@&t?d calves ware duij, missrable nhimzﬁa wh&nh lost
waelght qulgkiy aﬂﬁ ah%wacﬁnriaticallf ahavad a profuse,
Hatery ﬂmarwhaaaa Thnse animals which ﬁuvuumhad dicd shortly
aftor &h@'ﬂﬁﬁet of sovers diarrhpea, pregsuuably as o result
of the wopid Fluid and electrolyte loas.

fusemia and hypoproteinaemia, commonly ssgociated
with $§ﬁ5¥39¢ IT syndrome,; were not observed in any of the
effeckad oalves but of the animsls antopsiced; 4he majémiﬁy
showad sovere physiological and patholegical changes within
the aAbomasu. |

Once the ali&icaw disease became ovident in the
Tpormansnht caivgsg tho agreement betweon the mean cunulative
worn cowmih of the Ytracer® calves and the moan worm couanb of
the "permanont® calves did not continue, Table 14, Also,

gonea of the "replacement” calves had as great or groater &



-

annber of pavasites us the "permanent' caives which had
grazed the fields throoghout the experimoni. Both she
fivacer? and "roplacement' calves were Iuily $u$¢ep$ih3@ to
the astablisbuent of imge&tad laxvae by vivbtue nf tholw
being worm fyee wheress the "permanent! calves bad developed
amaasuee of resisbance. Reasouns Tor this observed
ph@nﬁmenam-mﬁy~ba many but the likely posaibiiilties are cohw-
sidevoda Firﬁﬁiyv'%hﬁ “permanqnt“‘¢a1Vﬁﬁg sraning throughout
the sammar¢ ﬁ§§§lh¢a¥i1y infected by Soepbemboir sud these worm
burdens may have caused a degree of inappetence which
raguiged in thé ingestion of fewer lawvvae. Au albernative
explanation may.b& tshat thé ingested lungvae wore uanable do
booome ashablished because of the damaged abomuasal muacosa
and tthe sseociated physioclogical changes in the host ox that
an lmmpee mechanism caused a rejeciion of the dungested
laxvvae.

Prom the results it can be seen bthat the mean

O oatevrtaet worm burden of the 13 "peviwmuenit? calves aubopsied

prior to Ouvtober isi was of the same order ags tho mean
burdon of 7 “permaﬁant“ calves autopsied after Gotoboy isl,
Hovevey, bhe composition of the population in each case was
mavhkedliy diffareﬁ% in that in the former group ouly & Lo 33
per condt of the Hodal ?apmlatiau vere vawriy 4th stage
parasites whereas some 28 to 80 per cent were inkibited in

the labier gronp. The lower percentages of early Uith stages



9l, |
in the flvst group. ¢ould be largely acoounniod fow by bhe
develogment of recenily acqguired infection. The kigher
propsrbion of inbibited larvae in calves aubopsied aftex
Ootabor 1ot was such that 1t could not Be ativibuted Lo the
ﬁ@w@iﬁ@ﬁanﬁ of lawvvae ingested on the last day of grasing,
It was also ﬁuteﬂ that populations of Coeoperia ouvcphora
famaﬁ.imlaaivearautupsieﬁ during October and November conw
tained a bilgh prﬁpuxtién of early Uth lawxval stages. The
@@rceutagexof-inhihitéd Omostértagi jarvae in cplvaes
auntopsied at the eud of the grazing season wers cbmparable
ﬁ&th thouse noted eariier in cases of Proe Type IT and
Type EX ﬂsﬁertagiasis.‘ This phenomenon gan be explained
in broad bterms by eibther of twe meﬁhanisﬁa‘

Pirstly, those animals autopsied after October ist
had developed a degree of immunity which eltber accelorated
the losz of adult worms or -inhibited the larval developuent
at the ecarly fourth stage. Support of this argument |
derives from the experimental work of Michel (1963) who
showed that inbibitlon of lavyvaul development occurved in
Coalves after 80 days of a daily infeéti&n'ﬁf,ﬁerterﬁagi
ilarvace |

Secondly, that a change had occurwved in Lthe physio-
logicel makeup of the host and this change inbibited or
arpoonted bhe larvae at bthe early 4th stage. Supportfor this

suggesbion arises from the post moriem worm counts of the
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previousiy uninfected "tracer" calves, Table 11, which
| grazed the same fields as the “"permanent? calves and which
showed the same phenomenon at the same time of year, that
is aftox Qctober 1st or during the late autumn period. Xt
wauld}gaam unlikely that the "tracer" calves grazed in
autumnvweﬂa-immunnlogicaliy more effective than those grazed
at athaw ﬁimas nf the year when the raﬁea of parvasite estab-
1¢ahmauu wﬁra equivaxent.} Thus  the strikxnp featura of
mnhibitiaﬂ, ar Pre Type II, is that 1t upnenraﬂ during a.
lmmiveﬂ @ergaﬁ of the grazing season and was present in
*niva“ “hi@h ha& ﬁrazed infected pastux &Qx g@m-mnntha.ms
weii.aw iﬂ‘ealvea‘wh;ghuhad graze@}#ha Bane f@alds,fcy only
14 ﬁayu. . - .

Bu#zng hhe late auntumn grazxng pﬁftﬂd goveral factors
occur coincidentally which may altexr host physielogical
mechanisms. It cén be seen from Fig. 20 that the mean maxie-
muamn and the mean minimum:temperat&res weré deelining during
this period, Alsc, the hours of daylighi were decreasing
with the approach of winter, It can be assumod therefore
that the rate of pasture growth ﬁégliggd during auntunn and
this may have resulited in a decreased nuiritional plane of
the ilmuature bovines grazing this pasture. Under silmilar
conditions Blaxter and Wainman (1961 and 1964) and Blaxter
(1964} have demonstrated significant changes in the

metabolic rate of Ayveshire cattle subjected fo cold and
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and windy onvironments. Post (1965) has shoun that a
decrense in notpitioval plane of yearly gatble mesults in

o daeorease of girculabing thyroxine. Kb would be of value
to know whether inhlbition of Larval developmant wad
aasociated wibth eithker the thyroid orx $ho pituldary hoxaone
gsinbus of the host.

finally,; bhe possibility exists that the alitewod
eclimatsic envivenmendy effected a chuuge in the infecsive
arvee which developed duwxing this pordad .

From o diagnostic and prognestic point of viewy bthe
facenl egg counts of fnfected andmals are difficuls to
inberprat, Counts frﬁﬁ,tha same individual finctunied
considevably on ﬂiﬁ?@r@nﬁ examination dayse At the nuoed
of dhe outbhreak calves wiﬁhwi,cﬁﬂ eggs 1T FEan peTe
ciinionily affectods howsver, later in Phe season soverely
affaected calves olten had low Tagcal egm counds. A negative
QP Gount ﬁwes unod raﬁmva bovine ostervanissis From the
differential diagunoesis.

Pilagna pepsineogen soncentration ou the othor hand
provided & sensitive indication of the degree of abomasgal

damage prasent in infocbed calves and thorelors gave o

indivecs assessment of the numbers of Qeooterbogl present
in bhe iiving boviwvce,. Thoe mean change in plasue pepsinogen
concentirabioen, shouwn iun Figure 18, was closeiy velated to

sho ifovval intake amd establishment of Ge.osbaprtaml which
- I
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wag assessed by asbopsy worm counts (seo Pigave 19 2150}
Furbhiornore, ﬁh@Améaﬂ concentration of pilaswma pepsinogen
ﬁl@ﬁrly‘ﬂisﬂ&ngﬁiﬁhedfﬁhg cgurae-nf'the,autbraak on eacik of
tho two fayme atuaiaéxéﬁﬂlinjthis reg3ﬁ& proved to be ol
meaﬁaypyreﬂictiv@ wvaluae thaﬁ"waa:ﬁhe~mé&nlf§éﬁai agé‘ﬂéﬁﬁt‘
‘Tﬁ@.fi@ﬂr&Q'?&,ﬁc 17 inclusive show that dilferences betucon
colves within a group can be usefully luntevpreted and there-

Pore it dis comcluded shalt the plasme pepsinsgen geneeutration

would he o valuab@&*aiﬂ in epizootiological studies of bovine
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SUMMARY

je &ofield experiwent was carried ouwi dn which iden
parasite free calvoes 2%-mﬁnths of age, wers put out to graze
the calf rearing fioclds of sach of tuo Ayrshive Ffarms. Those

/

."pawmﬁnanﬁ“ 6al§ea.wrazaﬁ'frmm May to Novewber and wWere
'aﬁﬁ@@ﬁi@ﬁ wken*ﬁ&éﬁ'déve&&ped'clinical signs characteristic
£ igna £ havine Qatomtagiasis. A sexdes of “xacer® calves
ara waﬁ ma‘samg fields as the "permanent® calves fox 14 days
and werad aubopsidéd b days after removal Ffrom the pasture, in
Cppder tr assess the parasite intake of the Tpermanent®™ galves,
2. Climical discase davelqpad in each of thoe 20

Upormanent! calves) de&ﬂ& the grazing poeviod Q.ostoriagd

s the predominant pathogen and between 58;000 and 60,000
adult Q.ogtertagl wore rﬂquiréd to produce Type X
oatertagianis in coolves 4 $o 6 months of gge. Qlder calves
acquivad heaviey iunfections and young cnlves, pub ot in
Sopteuhaer, develsped severve Type I osteriagincis fn less than
one nonth.

e The diseasce fivst appeared oun Pamm A 9 weeks and
on farm B 16 wesks afber commencement of grazming. The yrate
of pavanibe establiishment in the "tracex! calves did account
Por the difference Deitwoen farms and it proved to be & gond
ootinabe of the number of parasites estoblished in the

Uypamanent? calves pricr to development of clindcenl sigas in

™

the Latber. Afber this time this relabionship did wot hold
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Lene and peasons Loy this ave discussced.
Y, Plaoma popsinogon concentrations were weliable

but faccal egz counts were unvelilable indicatexs of the degree

of dnfocbion in individuals and groups of calves.

Be  Anaemia and hypwﬁroﬁainaemia'ware uot chserved iIn

salves affected with Type X ostertaglasis but gevere changes

i abomasal physiology wewre noted and they wers divectly
zolnted to the degree of pathological changt.

6. Iubibition of larval development occuzwed in both
W fpacer” and "poermanent® calves autopsied fwom Ocvobexr to
Noventber. but not at other timeﬁ of the grasing poriod.

Possible cxplonntions fov uhxs phenomenci awe givaie



SEOTION THREE -

DXAPERINENTAL INFECTIONS OF

OSTERTAGIA OSTERTAGL IN CALVES




SECPION THREE

DRAPERINENTAL INFECTIONS OF

OSTERTAGLA OSLERTAGL IN CALVES

PART % INTRODUCTION

PART B EXPERIMENT 1 -~ THD COURSE OF A SINGLE
INFRGTION OF 100,000 O,08TRERTAGE LARVAL

PAR® 3 EXSERIMENT 2 -~ SINGLE INFECTIONS UBING
PIVE GRADED DOSE LEVELS OF $,CSTRRTAGE

PART 4 IHE RESULTS OF TUO RE-INFRECTION REGIMER
WITH O.O8TERTAGT LARVAE.
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PARE ¥ INIRODUCTTON

A Review of Reporied Biperimental tuloctions of

RefeRne

rhasia gsterbasd in Calyrasg

Phe literabure whick concérns Ll experiméntal

infections. of Q.ogleriagl has been wvévieyed with the puwpose

of enbabiitehing the btypés of experdments cavxied oub, the

conciugions veanchsd and o provide background for o sories

of @ﬁgérim&nﬁa dosigned Lo produce, in vhe iabovatory, all
of the chavacteristics of naturally ocourving bovine
@éﬁarﬁagiaﬁis;‘ The yeview deals with work published up ﬁill'
1963 and subsequent papors are dealt with im thoe rolevanb
diﬁﬂﬁﬁﬁiﬂﬁﬁi‘

Exyérimenha& infections with pure culitures of

D.osbortaed loarvae have heen carried out by varions workexs

o shudys
The morphogenesis of the parasitic stages.
The host reaction to the pavapita,.
The efficiency of anthelmigﬁhﬁe ATBEB

Mornhogonesis of the Parasitic Stage

Thyekeld (1946); Porter and Cauthen {1946); Douvres
{1056) and Threkeid (1958) have studied the developnent of

vhe paraciblc stoge within the abomasum and have givenr goed

deseripbions of the growth and differentilation of 0. osboriagn:

A brie? account of this has been given in tha Inbyroduction,
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va Ldtowature Review of Usteriagia ostopinais A Parasitic
Newmotode of the Bovine Abomasum.”

Hoaab w@aﬁtiﬁﬂ ﬁ@ the Papasite

Thwakeld aué Jobmgton (1948) failed o produce
clindical parasitism iun $ ealves, 2 to 6 months oid, when they
aduwinistered, over a period of 3 to 5 wonbbs, a tohal of

12,008, 49,390, 129,000, 216,373 and 14,800 Q,ostoviasi

e ks meetxv@iy.
Cawbthen and Landvanm {(1958) dosed cach of seven 9 wonth

ordd Juvmuv chlves with 118,000 to 224,000 C.oaboriagi, wiich

Here g%‘ s pver a pawmwﬁ of a months The dogvee of paraoite

£om JRLQH waﬁuited did - ﬂﬂt affact welght gaiuve food congumption

o FTood wtilisation ﬁurimp an eight-wéehfﬁasﬁ imf@@ﬁioﬁ

poriods Pour calves were autopsied 63 days af! Oﬁ.&ﬁ“y;'i

infection and a mean count of 23,000 Q«m shextaml wes regovered.

It is elear that with respect to the age of ¢alfd ussd ia tho
above oxporiments, elther the size of the lavval dose aduinis-
sowad owx bthe perceuntage of parasites which boemme egtablished
pas boo gmall for the development of clinical parasitioms

Howiich (1959) used groups of 3 Jewpey valves I 4o 5
months old and compared the effects of siugle doses of

e

250,000 Q.ostertagd larvse with a similay number of

Peichostronpylue axeld lavvae and a mixed Q.ostovtasi - F.oxcl

infentione ALl infected calves showed anoyxexia, diarvhoean

and woight loss when compared with uninfected controls.
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Bowewar, thawre wore ne changes in the hacupbological ow
bhochomioad critoria measured throughouwd the 6 weeks of the
experimant. Colves Witk the misxed infection of 125,000

g yey thd ey gmn? 1 . ] - ] ; , - et oy v 4he gy s -
0. onhertasi and 12%,000 T, axeci chowed & Goaauen aagree

£
¥

eliange hhan either of tho obther two grotpd and this wap

accommted fwr by the grember tobal oumber of wowmes which
macams catabhlishsd,  In the mized imfemﬁiﬂﬁ guounp BE pax‘
pont of the laveal dose became establisbed cowpored with

17 wer cvewk and 10 per cent for I, axel and Geasbtertand .
e, Rl T { b

respectivelys; 99 pevr cent of the wewn paptlabions wers
adults, The weight changes noted occuvwad with the onset
of Qiaprhoes, wvhich was observed as eariy zs the second

week of the infection. In o similar experiment three calves

were given Sﬁﬁgﬁﬂﬁ'ﬂ,aﬁﬁ@rtagi,'500,00@ Te nzad and 830,000

lavvae 5F cach gpecigs respectively; Hhe percentage ol pormns
which boecame aﬁtahlish&ﬂ'weré‘ﬂﬁ; ?6 and 62 pew mémt raspect-
iv@iyq On the basis of ome calfl which died B3 doys after
doging, Herlich concluded that a larval dese of 500,000

A

Ouosberbast s lothal for calves whereas @ similsw sranthe

of T, ascd is noety thercfore, O.ostertagi is morde pathogonic

vhan B ased. Eeﬁéﬁaa ¢f the swall group size, bhe vawiation
in the munbersa éf wormg established within and Dedveoen groups
was swel that 1t is doubilful whethew the anthor was Joatilied
in weacking this comclusion. .
Davis {1939) iufocbed calves leso bhan one month of

age with Q.ostertapgi lavvae, with Eimexris spp. pocysts, and
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Wi bl both purasites. He found thatv olimlunl migas N

parasitleon were mure avidont in dhe Fdmeda dnles

e D.oaboritasd dufecbed cvalves. Mlxsed anfoctions did nod

cohance bhe development of either paveslie, Devause of

53

e smzild gooup size and the age of Hhe calves, litble

L

sdgaificanse can he attoched to the Diamdisies.
srdorgen, Grafd, Hammond, Fitmgernld and Miﬁ%?{??ﬁ@)

pompared the hoematologleal changes induced dn 3 o &

month oid colwves by separate infechions of Quustertirl and

Pour calves given 300,000 Q.osbortasd

Torvne showed colinical signes of parasitism with a  weduetbion
in weight gain and a marked decrease iu savom albunin oot
gontratione Unfortungbely this abstracth uaken no mennbien

3

of the hoomagiologicnl findings in the Cosiextagd infoctei

groupsd o of the muwbers of parasites whidch bevame estabe
tdshed., 4 Full acceunt ﬁfAthiﬁ experinent bas not been
repsrbed 0 the avaiiable literatures

Bogs (1963} studied the affects on calves of singhe

infechions of 2,000 sad 100,000 O.osteriopgd lavvae and

compaxed these with infecbions ef 2,000 felioued by 100,000
and 100,000 folloved by 100,000 at three wveplk intervals.

One oald died theee weelks after a single infecéion of
100,000 and one ¢alf shouwed intermittent fiarehoea following
a second doge of 100,000 larvae while the sthoer 21 galves

showed no adverse offects. No significant changes vere
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ohaorved in the haematological criteria or corwm albumin
ievals, Despite the presence of large numbors of mature
worms he Ffaecal egg counts were low aud flucituated
sxprabically egg counts fell teo 100 to loo oggs por gram,
2 to 3 wocks pest pabonceys As the inltial dose of larvac
wag increased from 24000 te 100,000 the number of worns
becouing cotablished decroased from 50 Ho 19:6 per cent of
the larval dosed only a very small percentage were presentd
in the 4th stage at 4 to 6 weeks after iufedtion: A loss
Gf whe éﬂu&t population appeared to peeur bebwoeen bthe £ifth
and eighth week posit infectiond |
Micheol (1963} studied the host resisbance and the
sourse of mnfaeﬁaan.uf Gﬁnstertagi in ua&vaa‘ & daily dose .
of 1,500 lavvae was given to aach of d&»aaiveﬁ for up to 300
days. Galves were killed and aufﬁpaied~a% intervals duving
thia period. Only two ea&vaa‘failed to develop resistance
to the povasite and these succumbed 835 and 158 days aftoer
the inidial infoctiond these calves had a fobal wouvm burden
of 97,000 aund 31,200 reapgctivély* The reaulbts of this
regime of daily dosing waﬁe interpreted by Michel to indicate
the development of bhose resistance in bthat
(1) A constant loss of adult worms appurently cccurred
and appeared to depend on the numbey of aduliso
pragent, o greater 1oss‘écaurring with o large

ndult population..
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(2) An dohibition of development occurred ob the eavly
- ki stage and bthis seemed Lo depend partly on the
pragencé of adoulits. He considered thal the
inhibition of developument was veversilble, that is,
when adults were lost inhibited larvac resumed
dovelopmeit,.

(3} Stuating of adult worms occurred., Those pavasiites
doveloping late in the infection Failed te atiain
the length of those which develuped cariier,

(&) dHature female worms, which reosulied from later
wafections, pradﬁééd a smaller numboer of oggs bui
whis was indepondent of tha reduction iu size which
voourreds ‘

{3) A& resistance to the establishunent of noewly acquired
wormg began o operate after prolonged esposure Lo
infaction,

The pathological changes noted following ithe expovim
mental infections made by Porter and Cauthen {(i1946); Threkold
and Johusbton (1946): Osborme, Batt® and Bell (39605 and Ross
{(1963) bBave been described by these workows in general tovms.
I cach case the lesions, usually small raised areas of
mucosa, were confined to the abomasum and ducdenum of
infocted calvds.

Grossly, swmall white plaques nr nodules, 1 to 2 mm,

diametor,; situated oun o between the abomasal folds, were
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nobed as carly as 6 bhours aftor infection by Osborne, Batie
and Beii {(1960), and at 24 hours post infection the gastric
folda wore evythematous, ;esions in the pyloric area were
less numeyrous than in the fundic area. A% &k days these
civcumsaribed, sliightly raised plaques appeared bo have &
cloar centre, No wmarked change oeecurred #n the lesion type
aftor this time bub at 35 days leaions yere reduced in slac
and 46 days after n single infection of 30,000 lawvvae the
Gﬂa@aﬂﬁ@rﬁ&tic,plaquésgwgre indistinct,

Am a result of two infections of 100,000 O.ostevtand

tarvae 3 weeks epart, Ross (1963); onc ont of 6 calves died
with an conbe ahomasitis which was pavtionliarxly mavked dn
the fundic area. Associated with the Inflammntion vas a
pagher of raised pin podint lesions suwrrounded by an intense
hacmowrhaglc zone. Suﬁmuaosal oedema was neb preseunt in the
doad calf but was observed at antopsy im other enlves of the
game grmnpg In theso latter cases the fundic mueecds van
wrinkled, had an inteunse ved appearance ond an ocodematous
ﬁh&@kﬂﬂiﬁg,ﬁf the Tolds was evident. Infiammétion of the
pyloric area was ganérally 1esa‘mé?kedﬁanﬂ in bwo cases a
sovere woaction was noted in the first ¢ to 8 inches of the
duogdentst. Abamaéitialwas milder in calves zreceiving fewer
lapvac. Ross concluded that the severity of ithe lesion
privarily depended on a superimposed challoefnige affter a

provious cxperience of infection but it was also influenced



10774

Uﬂl
wi
ok
=
0}

gize of the lawvval dose.
 Theekeld aud Johusion (1948}, investigating {ho
s uoced that

effoots of multipie infeciions of D.osioitagd

the mistoiogical losiouns were characteriped by o round coll
&uﬁi&t&aﬁiom surrounding the larvae, a localised cosinophilia,
podems and erogion ol the mucosa which geiobimes dnvolved the
muscularis tueosa. Qsborne et al. (1960} descd calves of

'y

GeEhn

« O o lavrvas and

varying age with $0,000 %o 175,000 O
avbopaicd Sthe aalwes ah raegular intervalaos. The general con-
clusion of these authors was that the tissue reastlon wes less
Shon might bave beon andtlcipated. In theiw denariptions they
noted that oariy in the infecition focal eapilicvy dilabatlion
with vory siight oodeman was seen. Fouwn days &kt@“’&i etion
o sidght loucoaytilo infiltration wan abservaé bogether with
a moderats hyporplasin od the liuning epiﬁﬁeiium of paragii-
isod plonds. As lavvae developed the dilatation of the gland
lncreased, reaching n makimum at about 19 in 21 days. “Coniw
mﬁw&aﬁﬁly thera was o warked leucocytic infilbration
conglsbing. of many aoéinoyhiis, larga~amd'smail'&ymghﬂﬁﬁﬁﬁs.
nrkod subnucosal codeuna was nobted iv one calls Moss lavvae
h&ﬂ'1@§t she giond by ﬁay 2% and many oapby g&amﬂ& Wero
dnvolubiig, o procoss which was almost complote by day LG

£y A

post dfedsion,
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THE DRPICIENCY OF. ANTHELMINIIIXC BRUGH

The conbrolled aunthelmintic trial is becoming
secognised as a betbor wmethod of asﬁa&atﬂ&*pé%@mﬁi&i anthele-
mintic dyugs and conseguently is gaining widew uge., In this
test twe suiitably siszed groups of animais avre dosod with
equal numbers of iufective larvae. One group is iweated with
the btest anthoelminthic, then a few days iatow, both groups
are aubopsied at the same time., From a comparison of the
fotal wowia buvden from animals in each group, the povcentage
efficioney of the dyug can be calculated. Mosky aud Haryood
{1941)s Steward (1955)3 Reinecke (1963).

Banlks and Michael (1960) assessed the value of the drug,
O, 0=dimebhyl 242y2=trichioro~i~bydroxyl methyl phosphonate
‘(uaguvsm) ag an anthelnintic drug againsﬁ_ﬂ,as#argagi‘ Joergey
calves & months old in groups of 2 were given 42,000 iavvac
oud an orai dose of Neguvon was administerved on the Yih, 15th,
2ist aud 28th day of infection. Two doge igvels of 66 and
110 mg por kg body weight were used. The resuitvs show that
:affieiénﬁy was high 906 to 98;5“per cent agaiast 28 day
-adui%a and 6#‘t§'6j per cant against 21 day adults. Theve
WS liﬁﬁla.effaét_am mature worms. Boih dosce xakes gave
cnmpqﬂabia-rasnlﬁsa ?ﬁxiﬁ symploma wera obhseived aad
.aﬁpaared o bo’ due to individual idiocsyncrasy.

Axsour {1964) usod a similar expowimental design bub

wibth & ahimals per geoup to test the efficiency of O, € di~
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(ﬁw&ﬁlﬁﬁﬁﬁmyi)Qu(awehiwrav& methcoumarin-7=yi) Phosphate
(Halﬁxaﬂ}vaﬁ the dose rates of 40 mg peor kg and 100 wg per ke.
The couciucions were that this drug was highly effective
(97 por sent) against fully wature adult worms (28 doys),
woderately offective (6h per cent) against young adulis
{21 fays), end almost ineffective (28 per cemi) agaiust
jumature stages (7 and #h days). Incrensing ibe doso rate
s 100 mg per kg did not iwmprove the efficioncy againsit the

7 day dnuature stages. Neo signs of toxiciby were observad,
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SUMMARY

it The merphogenesis of the parasitic phase of the Life
cyeie gf,ﬁiﬁstartagi‘ﬁas been adequately defilunad. Nowever,
‘a cleaw picbure of the sudcessive pathoisgical change
rolatod so the movphogenic stage is nod avallable dun the
enrrent Litevaburaes

have been

2. Regimes of mulbiple infeciions of Geupleriangd

waﬁéyﬁmﬁ by Pour aubhorsy Generally, these wegimes bave not
heen successfal in producling clinical discast. Phe authors
do ned stote on what. basis their chodce of dose rate o
infection regime was made.

3. Glinicnl disedse was observed following the admiunistration
;gﬁisiagiﬂxinfection of between 100,000 aﬂﬂ»ﬁﬂkﬁﬁﬂ:infgctiye
%axvéﬁ* Qﬁﬁhiﬁwﬁhﬁ fivet six weeks post iﬁf&ﬁfiﬂn, Qh&ngés
in verdious haaﬁaﬁa&ggiaaxgéﬁﬁ?§erum p:atﬁinuériteria‘wafa
wﬁﬁ_ﬁa$ﬁﬂ.in_ﬁh&«ﬁiﬁéﬂé&ﬂ aniéals. &_aﬁu&y of the relation=
ships botween voguits vbiained frow aﬁpérimen%aininfeatians
and fieokd cases of ostertagiasis, on the one bhaud, aund the .
deveiopnont of the abomasal lesions on the other, haa wob
hoon underbakeiis

44 Resiabauce to bhe establishment of mewly acquired worms
tas been shown bo opevate aftex prolonged szposure o
infection and fuhibition of development was noied to ocour
attor cicven woeks of daily administration of 1,300 infoeckive

inrvac. J4Agnin, the sipedficance of these events o field
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conditions, where the intake of larvae wmay fluctuatke boih
Awr qu@ﬁuﬂﬁy asd r&gmlawmﬁy, is not knowne
e Ehnse @ﬂﬁh&iminthiﬁﬁ which hava baen ﬁﬂaquataly btestad
have shown sz high degree of effleienﬁy in romoving adult
populations of Q.ostertand but they have a more cxrabic amﬁ‘

toss efficiont effect against the inmature sbtages.



EXPRRIMENT 1

THE_COURSE OF A SINGLE INFECTEON O

100,000 0, OSTERTAGIL LARVAL

IN _AYRSHIRE CALVES
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TNTRODUCT LON

froom w consideration of the veview, which welates to
previcnyg reports on experimental infectiong of Qe.osbovrbagi
in calves, it is appaveut bthet many important features of
the giseonge ave, ag veb, tnexplained.

IH would seem bhat the first exporimenis should be
divected towards establishing worm populations iun c¢alves
chavacteriatic of those which have beoen reuorvded from the
natwrally sceurring disease. Once the diffesren® phases of
hovine ogbertagisgis can be readily reproduced wnder
Laboratowy condi tiong then otheyr techniques can beemployed

46 assess bhe nature and degree of the patbogenic effects

_whiahlﬁgaﬁﬁaxta?i;iﬁ@i$$$$ u§Qn the youus hovings
:ﬁgﬁm éga;ifiééiiyg"infcrmati&h relaving tov the follow-
ing throe aspecbts of boviue ostertaginsip ave considered
il for on hebtter unﬂeystandingraf the digease aud
conpeguently the purpose of this geries of oxperinental
infoctions is o determine:
Y The minimum worm burdens necessary o pioduce
the clinical syndrome charvachorishic of the
natural disease.
A The correlation between the pathologlical changes
351 the abomasal mucosay the physistogical chaunges
of the host and the parasiteo population wibthin
the abomaswn,

Be The course of inhibition of lavval development
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and the melationship of the immature stages
to elinical disease..

Phe Covrss of a Single Infection of 100,000 Octoriagia
>3 Larvae in Balry Calveg

agsbarba

fhe Fived expeviment was an attempt to asscss the

"y

relntionalip between a single dose of WO,000 Jwd stag

o

Gn')

pobagl larvae and the associabted abomasal chabges

piloed supeviments had shoun that a single dose of 100,006

larvae produced pabthologioal changes wiithout severe oli inical

diseasos
E&TERX&&S‘&ND METHOBS
ﬂﬁim@iﬁ

Bighteen male Ayrshire calves were weared pavasite
free bto 5% weeks of age, paived on a welghth basis and cach
calf was bhen given n siungle dose of 104,000 3vd stage

Sasosborkant larvac.

The salves were weighed and samples of hlood wewe
goilectod at veekly inbervals.. Paily sauples of reebal
faccon were ozamined by o modified McMaster ogg connbing
techaigue aund the faecal gonsistency Q@*eac& pecasion was

svaded as {a) vovoul, (b} sofb B¢§~(Q)A$Gmkﬂfluiﬂ Do
{a)} fiudd Do,

Anbopsy

Calves were auvbopsied in paivs av 2, &, 8, 13, 16,
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21, 28, 60 and 90 days post infaction. Datails of the
matorials aud wethods used in this experiment have been given

a1 Soction Ve
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REJULTS
Mo chango in faeecnl consisiency was poded fu ony ealld
during the fivet 9 daye of dufection. Softening of She

Fooots ouauy ’rasi i 19 vo 2% days posi rafooilon aud of tho
sin eolvesn womaining alive aftor day - 14, Fouer duvcloped an

A

invovnibttaent diarchcen, the Tawces bc.mg;, oemidiuld oy @iwd

Bl
s
[

Puree of the affestod colves had neiwal Tooues WY gay 28
et the rennindog caldly How135, showed on iandsendbiont
diarrhoce up bo doy . A decrease in gppotite couurred 4dn
aii calves during the diawrboeic phases Al auwe CaIVeE ueve
OROLORIC

Hedgphi godns wowe noxmal uwndil day Bt post infewbiosn
and Ghe croph (Fig. 1) shows the weights of ibe ¥ouw walves
kopt o day 60 and $0. Tuwo ol these cadwos madnvadned o

3

@@ﬂﬁﬁﬂ,*aﬁn af 1 ib. poxw day bthroughoul Hhe experinenial
poriode OFf the vomalwing lwo, one calfs Molid, showved o
eshoels o growbi rate ovew a three week poriod aad FThen Gobm
tioued bo grou a% the saﬂe'rate as hefﬁw@;' & weoks latew
ah doy 00 this calf was 12 lbs. lightexr than the é%ﬂar of
who polss  The othow wally No.il, uunnmﬂmuﬁ Iegiag weighs
cobid i was killod din extremis ok day 5P A e poing
20 woo 59 thse loss th@ﬁ-iis feliow. These bwo calivoew

whvieh oot wedghé were clinically tho wupsh oRletentd.
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TADLE

Calves Given a Single Dose of 100,000 O.ostesbasd Larvae

Post Mortom Worm Counts and &bamaﬂal yels

Sex‘Ratia

Day Calt No, 0£‘No. of Percentage . Abomasal
Tilled No.|Adulis |Lmuatores|Bstablished M/ pH
2 1 1 | ol 12,980 12,9 - 2,95
' 2 ol 9,480 9.4 - 3.00
I 3 0] 19,920 19.9 - 3.95
| 4 ol 13,108 13.1° - 1.90
& ‘5 O] 35,573 355 e 3ab3
6 0} 31,253 31.2 - Te55%
12 |y o 16,540 16,4 1/ ks
& 0] 5he550 544 174 . 2.30
16 o &a,avﬁ 0 W8.h 1/4% 2490
: 10 {58,800 0 38.8 1/2 2,85
21 | 11 | 6.6k40 0 6.6 5/2 5,70
iz |1o,000) 160 | 1041 2/1 35
28 13 3,680] 28 280 '3.88. 1/ 3.0%
ik 242801 oe2Q0 2. 48 /2 ‘Aol
60 ig '_,3,#8§ o .4 ?21 -
16 1 780 0 0.7 5/ 5.0
T I R V) 160 0 0.16 /1 2410
(32 8c} ¢ 0.08 /1 105




15CQO . .
! Pathogenesis Experiment.

l4000r Single dose [OOOOQ Ostertagia Larvae.
13000} Graph of Egq Counts.
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Theve was 1o chaage 4in packed celld voelume, bhaomoe

3,

globin councentration, btotal serum proteins 0 albhuniiil COolliv
1.

sonbration during bhe experimental period,

Albomacnad P

Samples frow calves Nos. 8, 12-aﬁﬁ 16, which had pH
values of %, 4, &, 3 and 5. O rvespectively, wewe ithe only
ones significantly differont from the normal valne of 2e 14t
ok {see Table 18),

Porasitological Dota,

Uown Has Countg

The graph (Fig.32) traces the faccal egg counis of
the ocoives with infectiloms lasting 60 and 00 days. Ia three
of bthe four calves there was a sharp rise Lo a pealk shortly
after patoncy and an egually sharp decline one week laker.

Subisequently, egg counbts of low values pevaisted for 90 days.

ot

-i‘?%(‘;‘,t EL aoynt of the fourehh calfl remained L’Eé,“’il PR TS li'? ﬁayﬁ,
2 k2
when Lt fell &bl”ﬁf}'&l‘y to bthe level of 250 QePeFe3d duziang a
(% 4z L
nooiad oF g‘i‘i’iﬁ e bance _,)t‘- 'F(}&E'Y s prioxn i}O‘ &i&ﬁ(k”&ﬁ-“ the QLE count
& i 1 - - u ]

again vope B0 1,000 capede

Womn, Copnts ab Ausopsy
Table 18 shows the results of the worm counts Lrom
the calves which were aubopsied at different inbervals post
LS

Anfeation,

Doy 2+ From an exemination of the worm counts from the pair
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of coives aubopsied 2 days post dnfecitlon it was feund what
all ﬁ&a parasites present were exsheatbed thivd stages and
they ware present in bbhe mucesal digesta
Poy b B0 per cent of the larvae wvecovered from the calves

autopaied on this day were in bhe early R sbagey the

vemaliing 20 pew coud wewe exsheathed Svd shage. Figure 30

in a photograph of a Jrd siage iunfective Gepstonisai while

Pigure F1 shows an eawrly lUth stage larve which was wecovered
from Hhe abomagald digesbe
Day S £1E lavvae were late Lih stages. Flgure 32 depleto

the posterdor end of a late Lth stage male Qeoplerbapgd and

shays bhe chavacteristic prebursal swelling.

503 pex cant of the larvae were in the 44l monlt and

vl 34

o

50 per sent bhad moulbed to the Sth stage. PFiguwres 35
raspactively are photogiraphs of the postoerior end of male
and Temale 5th abage pavesites.

;&g&;ﬁi&.&11 wewns present wers 5t stage or adulis and
ahout 20 percent of ﬁh@hf@males had eggs presond in theiy
uberi, Very few hih oy Hth stage larvae yeve Fowmwl in the
abﬁW#é&& Lumen cantéﬁtﬁnéf calves,éutbpéiﬂd';ri&r he Bay 21
post imﬁmeh@aﬁt

v 21+ 40 por cent of the males and 73 per cent of the

females wers Feund in the lumen contents and 60 por cent
and 2% pow cend vespectively were found in the mutcosal
gdisgent. ALL females vern produciung egse. Figures 3% and 36

regspactively ave phobographs of the posterior onds of adult male



TABLE 10

Thoe Distribution of Developing Larvae in btho
. I“ﬂnﬁiﬁ! apd Pylovic Parts of the Abomagna

R T LT vae/on | N . Larvae/ g 'Ra.t:lr. o Tarvac/
Day|No, |[in Fundusiin Pyloric ‘Larvae/gn
- } Area , aveas

.....

at Ny 16 B
Bl 2 96 29 | - 3/%

ol s e | ey | 2/1
L I 109 73 1.5/1

£ R
A
o
-
3

Ovad

&
4

a2/

5 25 4 871

Gz
g
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and Fomale Oeostertapgl pavasites.
Pay 28, The Sotal number of worms was reduced {Pable 15}
ATk it
and wore i3 egual proportions in lumen and Adigeata

Paye. 00 and 90 Swoall nusbers of adulis were found in ithe

Tumen conbtonts of tho calves autopsied on days &0 angd 90
post infeotions The percontage of the 100,000 lawvee which
bocane colablished in each of the calvep bhas heen dncluded
snn Table 1,

Tohibition of development or stuniiug of adulis was
nnt observed.

Digests of the total fundic and pylovic areas were
carvied owt separatelys The numbers and distpribubion of
tavvac in oach pawd are shown in Table 19 for calves
autopaiocd at 2, & and 8 days post infection. The nuaboer of
iavvae per grom of fundie mucosa was, with one oxceptiong
more Bhon double tho number of laxvae per gram uf pyloric
THIOOB R

Pathology

Legsions conld be seen in all parss of the sbomosun
and opoaslopally in the first foot of the duodenwn, but as
in svhseguent days the lorgest number wan in the fold avoen
&f-tﬁm fundus. Small, wvhitish nodules of about 1 wm
dinmetor wore found just raisea above the surface eof fhe
muaosas  ‘Phe central pit containing the larvae was dilated

giving the uwmbilicated appearance which was to becowe more



infection in a calf.

tage larva lies in a gland

lined by cuboidal epithelium.

The ecarly 4th s

Fig. 23 Four day



Fig. 24 Four day Q.ostertagi infection in a calf,
A high power view of Fig. 23.
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madieked 4 iﬂnger gtanding infections., Histologically these
Casdules were formed DY the siight dilatation of a gland DY
n iopen. The epithelium of the infected giand bad already
loat iﬁsn§layiﬁy of delincation of the mucous; parietal and
pymogen codl layers bug surrounding glands weve nowimal. A
fow grongiooytes and mononuclear cells were snfildrating
batucen he cells of the occupied glands (EF—33).
Day b

e shomasal nodules were by now 1 fo 2 mm in dinpmoter
pad Gauiﬂ‘%@ scen casilve The larvae iun the glands ad grown
go that the phits were extended and profyuded above the
general surface of dhe mucosa. The epithboliuvm of glands
geenpied by larvee was now of a cuboidal typo, d.e. welabively
ndiffeventiated, albhough the eosinophilic obaining aof some
of these imdicoted their former parietal eell identity. Ubhewre

£y

she lavvae did nwed touch bthe epithelium 16 was somctimes
hypewrplaghic and vas differentiating inbto mucous colls. Again
a few neubrophil and eosiunophil cells wore migvabting into the
oucupiod pitsy buds there was no general lamlun proprial
reachion {Fig&nék}*. | |

3?533"-“3 &y ?ﬁg ard "*ﬁ'

Moterial exawined from the abomasn of calves auntopsied
gn daye 8, 12 and 16 post infection basically had n similap
anpearance, he patiern heing one of inwval growith, loengthon-

G

ing of tho pibt, conversion of the liming sells of the pils



Fig. 25 4 general view of the wucosal nodule at
the pre-amergent stage of the infection.

kYY) |
gL e
’ ‘kz_‘f w

} »

A

Fig.2¢ Sixteen day Qjcgtertagi infection in a calf,
Cellularity of the lamina propria is incroased

while surrounding glands appear normal,
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completely to nucous cell type and some gtwomal pedema around
the veeck of the pit. UGranulocyte and mosonuciear sell
dndileraaion was ﬁ?iﬁam% between the epithelial cells butb
was aot marked. Focd of plasma cells gradually appearced atb
ali lovels of Bhe mucosa. ALl of thesce dilated glands with
couvarbed opithelivm contained larvae (figs. 25, 206 and 27) «
Day 2t

- At this bime, that is, when the young adulid
wore emovgiung from the gastric gland, bthoro was

a ohonge dn the lesion pattern. Many of tho affected cryphs
conbainad ne iarvae but were easily recoguised by their bigh
mucous ceil lining and ofiten contained cell debris. The
plends immediantoly adjacent to these nov showved a mavked loss
of difforenbiation, i.o. mest of the epithellum of the glands
forning the visible nodules were lined by uwndifferentiaied
cuboidak epitheliuamq Where two or more such podules coalesced
this epliéielial hypercplasia was the undexiyiag cause of Ble
naked aye Ymorvcee leather" or "erazy paving® effect.
Asanci&tgﬁ with these changes was a cyiolysis aund sloughing
ol the a&@érficial apithelial cells particularliy dn the
contre of wodules, ﬁn&anqing the wmbilication. Coongional
tarvae had breken shroush into the lamiuna propria caunsing a
foreign hady reachkion in which eosinophils were PELONLINCNT o
Piasma coll agpgregates and radial streaks woire prominent in

the ilawivna propria of both the fundic and pylovic pavris of



the empty glands

infection in a calf,.

and hyperplastic mucus cells.

Posteemergent lesion showing

Twenty-one day

Fig. 28



Fig. 29 Twenty-ono day 2‘§§§§£§“; infection in a calf,
Gastric glands sw ing those previously

containing larvae are lined by hyperplastic
undifforentiated cells. Foci of plasma cells
are prominent.



Fig. 30 9rd stage infective larva. Note the
ong » with its characteristic kink.

&*

.

Pig. 31 early 48h stage parasite recovered frow an
a ¢ on day & post infectiom. DNeote the
clear area just behind the ocesophagus; an artefact
of the digestion technigue,



Fig. 32 %mwm«a late 4th
s ma larva, 8 days after infectiom,

showing characteristic prebursal swelling.



Fig.33 W. Posterior end of a 5th stage malo recovered
from sucosal digest of a calf killed 16 days after
infection.

LG 3% w. Posterior end of a 5th stage female. Note that
and utorus contain no egge.



Fige 35

Fig. 36

. Posterior end of adult male sbhowing
bursal stru. turo and spicules.

« Posterior end of adult female showing
cuticulor vulval flap and egg filled uterus,
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bho ipfectod abomasum (Figs. 28 and 29}).
Day T

By this tiue the cwergenca phase was almosh complebes
very Peuw glande contained larvae althouzh aii of the changes
nobed ab day 21 weve shill present. Globulax leucoocyies
were noy prominent, pavbticularly between bhe epithelial
cells in the superficial areas of the pilug.

_‘i?mz 68,

Moot of the epithelium bad returned bo Lis ROTa G
ﬁiffgm@mﬁiatian, although glands which ﬁaﬁ Tovmerly GO
fadned Lavvee wWere obvious because of thely mucons cell
1indings. |
:ﬁax'ﬁﬁa
| fho mucosn wan -almnest normal apari from sone plits as
dogorihad above. Globular leucocyles stild peralobed and
pilagma coll foel vemained.

Tie abomasal lymphrnndes showed thoe expecied changes
shwonghout the course of the infection, Aftoer the fivrst
weelr thowve wowve reachive changes in the germinal cenires and
thrig had bBecome very marked by day 21, whon many plaguacyios
couid be scen packing the medullary cerds. By day 90 the
unodes lopked wormal once more.

DISCUSSION
T4 has been showa earlier in this thosls that bovine

ostertapinsis in South Wost Scotland ocouws pnaturalily in




122,
shree diptinct phasos. In the first phasey Type Iy thoe
worns dovelop to the adult stage in aboub 21 daysy thwus
clinleald signs become apparent 3 to 4 woeolks after ingestion
of o large dose of lawvvae. The second phase, Pre Type X1,
is ah&ﬂmetarimaﬁ by maaai@@'inhibitisn of dewvelepment at
bhe capdly Lth larval aﬁaga. The subsequen® matupation and
emargence of those iunbibited larvae up ¥o O wmoaths later
produce the third phase ov Type II syndrome.

Sinee alil the larvae in this experdmoent watured
within 21 days the rvesults can oanly be gomparved with the
Type & syndrooe.

At the dose level used in this exporiment, four of
the aix calves alloued ﬁm‘surviﬁe beyvound 21 days showed
diarriwes which g&mmenﬁaﬁ'at the time of paboncy. The
dlavchossa bormineted withkin 7 days in {oreo ¢alvos, bz
the fourth 5&@3@9& inﬁﬁfmittently Tor thydto wedhks., Tuo of
these oalves showed ﬁigﬂificaﬁﬁ welight loss dubing whis
period. Since severe diarrhoea and weight Losy were the
chief signs of the natural diseaso 1t would appean that a
gsingle dose of 100,000 larvae is about the mindwal aumbow
of Loyvae reguired to produce the elinical discase in
Avrshive calves 2 to 3 months of age. Rﬁﬁs‘(iﬁﬁﬁ) roported
that duping a perdod of 49 to 63 days Poellowing a sivgle
snfecihion of 100,000 Q.ostervtagi larvae, only ﬁﬁ§ ouf of

8 galves 2% months of age developed an dntermitient. disrrhoea.
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It would appear thatb obéervations were made at weekly
intervals iun the latter experiment, congequently diarrhoecic
episodes of shorier duration may have baen ovevlocked.

The low nusber of larvae recovered from the 2 and &
day danfectiouns is probably an underesitimaie. First, the
'ﬁig&ﬁtién'hechniqne is severe on the Jxd and cariy bLih sbages;
segond, o comparison of the nodule couniys from thoe 2 and &
day, witik the 12 and 16 day infections suggested that a
aimilar number of parasites was present, Histological
ections domonstrated that in almost every €alo oaly one
larva #as preseﬂt in each nodule. |

The proportion of larvae and adults Ffound in the
abomasal lumen and mucosal digest respectively (Table 13)
may net represent their absolute diastribution at these sites
since the nmucosa was not washed vigorously and some free
adulis or larvae may have remained adherent to the mucosa.
Nevertheless, at day 16 the entire worm population - all
immature adults ;~wara found in the digest and by day 21,
at least 40 per cent of the male and 75 per cent éf the
female worms at least, were free in tho fumen. This
suggests that tﬁe emergence from the gastric glands of ithe
majﬁrity-ﬁf thé worms oocurred between tho 16tk and 28th day.

Thé observations made on the difforent moerphogenic
stages found at &utapsy in calves killed 2, 4, 8,I12 and 16
days post jafection agree well with the findings of Douvres

(1956).
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The reosults in Table 19 show that a greater propor-
tion of parasites were found in the fundic avea of the
apbomasal muoosa whon the larvae were in dthe tissue phases of
dovelopmenbt. This distribution of larvae diifers Lrom that
chgerved in O.circumeinta infections of parasite-free shoep
for Somuervilie (1953 and 1954) and Dunsmore (1963) describe
the greatest concentration of lesions aund lavrvae in the
pyiaric area with a smaller aggregation avound the cardias
very fow were found in the fundic area. This distribution
wag reiotively constant at the doses unasad.

From Tble 18, it is apparent that the mean numbor
of worms wecovered from the 8-12-16 day infections was
25,000 and from the 21-28-60 day infections the nuwmber was
ouly 3,000, that is a percentage establishment of 35 and
3 pexr cent respectively. This indicates that a marked loss
of aduits had occurred between day 16 and day 28 in this
exporiment. Whether or not ithis is characteristic feature
of U.optertagi infection is calves requirves further con-
firmationf Ross {1963) who used single infections of 2,000
and 100,000 larvae,cnnclgded that a loss of adult worms
scourred botwesn the 5th and 8th week of the infeetion and
that the loss was géeataw at the higher dose level.

The daily faecal worm egg counts of 3 put of the
I eaives indicabe that the peak egg production occurs

during the week following patency and peaks of 900 to
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1,800 eggs pey gram were rocorded., It is interesting to
note thatd th@ foll in egg conunt occurs av akout the same
time ag Bhe loss af#adult worns. This pabtbern of ogg gutput
has beon snnf;rmaé in obher experimenﬁﬁ_(anpuhlished iuform—
aﬁiam) f&llaﬁimg ginzle doses of 100,000 larvae, The cause
of the abypical patiern recorded in the feuwrtb call ids nob
knowny Ghis calf was the most severely affected and was

n?uaiﬂy willed in extremis.

Tohvibltdon of laxvao described in Lﬂtﬁfwi ﬁntbfedku
of bovine eﬁtertagiasis; Bruford and Finchem (19h3)§ Bailey
(1953)§ Mewrtin gk al. (1957)s Smith and Jones {(1962) and
atuntln? of adulis obqerved 1n»a reinfection regime Michel
{1963) was mot found in this experiment.
| ALl of the lesions seen in the typical field case
were reproduced in this experiment, The process can be
divided into three parbs.

Te Lﬂﬁh larvae enters a gland and grows within it. The
gland dmlates and the pit becomes stretched and protuberent,
Tt thon lovses its pmllular differentiation and comes to be
iined by btall mucous cells. There is lLittle wmesenchymal
veaction at this stagea. Either towards the eud of the
growith phase ox ayound the time of larval cmergence the
slands, adjacent to that containing the lavva, lose theidr
diffeventiated epitheliuwn and become Lined with cuboidal

celis. This spreoads the apparent area of ithe nodule and i¥
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coalescence of tﬁas@ areaﬁ acéurs,Athe‘"mnr&eaa loather®
type of mucosa is produced.
Za Phe lavvae emerge Trom the crypbs a@d li@ cioaely
@@ﬁnaaﬁ’ﬁa_tha surface epithelium. At this poind ﬁyﬁaky&i&
of the suyaffisial iining of &ryptsaanﬂ surface may oconr,
e gonfinence of the lesions is present, bthe sow-called
lﬁhumhwgyintfar $uparficial’muﬁasal erogion is sceis Plaooma
cells are present iﬁ fairly large numbers in the lamina
proprin at this tiwme. Sub-epithelial cedema, separating
the epitbheliwa from the blood vessels of the laming propria,
may also be found.
e As the number of parasites decrende, replacement and
diffeventiation of epithelial cells takes place and the
mpeosa vebturng to iis ﬁﬁﬁmal&;)fnncticﬁ&lly differentiatod
state escept for some of the pltls which oonisined lavvas
and whioch rewmained lined by tal; wmucous secreting cells.

The infecting dose was too low in this experiment
to yrnﬁﬁa@ enough lesions to cause widespread confluence.
ﬂemﬁe “the wmain features of the severely affected olinieal
cases, i.0. large aveas ol mucosa which bad obvisusly lest
moat of ibs Sssctiemsd differentisted celils and heuce iis

funobion, were net present.
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SUMMARY
PN AR T
pighiteen, & week old Avyshire calivoes weve given a

slngle dome of 100,000 0,ostortagl larvae and the calves were

auntopsied in pairs from 2 to 90 days post ilufochion.
Dinrrhoea and veight loss were chserved in a propoirtion
of the calves afbox day 21 and it was considerad that 166,000

ﬁe@sﬁﬁmﬁagi.larvae'Waa'the minimal numbeor negssgary to produce

ciindeald disease.
The parasibological findings revealed (a) that the
.GmND :
Tarvae wers Located in the gastric by day & af thae infecetion
and thaot the majority of larvae did not cmerge inte the
abomasai iumen wntil between days 16 and 215 and () that a

comparison of the percentage establishment between calves

autopsicd before and after day 16 indicated that a marked

$rud

ooe pf wormg occurred beltween days 16 and 28 post infection.
Inhibition of larval development was not obsewved.

ALl of the lesions seen in the typical clinical cage
of nabturally acguired esteriagiasis were roproduced. The
sequential development of the leslons iss (1) the lawxva
grows within a gastric gland, the epithelium of which becoues
phretehed sud vndifferentiated; (2) at the time of cmergence
of the larvae, the neighbouring glands alos become undifferon-
tiated and hyperplastic uwhich, if extengive, produces a
morocco ieanther appearance; and (3) after cmergence, cytolysis
of the surface mucosa may occur which, if comnfiuent, produces

focal mucosal sloughing.
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SINGLE INFECTIONS USING FIVE GRADED
DOSE LEVELS OF 0,.08TERTAGI LARVAD

Mm

The vesulits obtained from the fivst experiment shoued
that o single dose of 160,000 O.ostertagi larvae was close
to the minimum nunber necessary to produce Type X ostertagie-
wio in young calves. Larval inhibition ox stunting of
sdult worms was nolb observed at this dose level.

Tha ohjoctives in this expeviment wers to study the
climiﬁal and pathological aspects of ostevtagiasis of graded
E@Vﬁfity‘ﬂﬂﬂ to ﬁétermima whether inhibition of larval
tevelopment or stunting of adult worms was a function of the

iarval dose size at several dose levels.

MATERTALS AND MUTHODS

Anjmnals
Tyanby-five nale Ayrshife calves were veared parasite
fraw t@ 15 weeks of age; weighed and then allotbed to five
groups of #ive calves sn bthat the mean weight of each graup'
was approximately equal. Each calf in Group 1 roceived 2

single aral infection of 50,000 infective Os.ostorbagt larvaes

similarly in the remaining groups each calf raceived a dose
of 100,0003 200,60035 400,000 and 800,000 larvae vespecy-
ively.« All calves wexe auntopsied 21 days post dnfectiony
excapt one calf which died on day 18 pogh dinfeciion.

Ohoeorypiions

Faecal examipations were carvied cut daily and the
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calves were yeighed and blood samples wera collected at
wa@kly intervals. Plaémn pepsinoegen estimations were
savwied out. The methods and materials used bave been

deﬁa$ibad in Sscticn X



Calves Given Five Groded Doses of Oeopteprtacd bLarvae

A sa&m&xy_szthe Severity and ﬁuraﬁima'aﬁyﬁiarxhaea

. A - Diavrrhooes - ,
Eazval No.Calves Day of .Soveridy No.of Calf
Gooup] Dose ;Aff&cted Onset , Diavehoon Days
1 50,0000 0/5 - - /s
2 lioo,000] 2/5 | 13 Continuous ++ - 6/u45
- 19 Continuous ++
4 |s60,000, 2/5 | 4% |Intermiittont ++ 10/h5
SO SR 16 Intermitbont +4
o 1Y A .
& B0 , 600 3/§ 13 Qontinuauﬁ ek 17/L5
Intermittons +or+
Continuous b
: 12 * {Continuous v e
5 L B00,0000 5/ | 13 Continuous 4%+ 2o/ *
' E ' 13 | Intermitient +++
i ik Continuous R
% 21 - Gleodr

(5

%  One calf died on day 18,



Clinical obgervations

Diavehosa, whlch imcludes Dnly.tha gemifinid, Db,
and the fiaid Dedr goadings, was fivst pecordaed oa day 12
POSE inﬁestian. Group 1 calves showad no evidence of
diawmhﬂaa ﬁhvaﬁghwuﬁ the axperimenﬁ, vhareas calves in
groups 2 e 5 had a wvariable degree of diavehoza wvhich was
conbinuwons in some calves and intermifﬁeﬁﬁ in sthers, The
aumber of calves showing D++ and D++s diarvhoea on each
day hetween day 12 and day 21 has been o amed and the 7e-
sulting number of %ealf diarrhoea days"” has baen included
in dhe sunnaey g@iven in Table R0.

The olinlcal severity of the disease was vewy appuarent
in the caiwves of groups & and 53  these caives were dull,
anorexic, bucked up and veoluctant to move, giving the
impregoicn of abdoninal pain. Calves in group 5 wexe
pawtigmla@iy affected, one died on day 18 post ianfoctiony
il ﬁhégéxyarimaﬁ% not ta:minated at dayv 21 the remainder
probably meﬁldl&a?§;§ied a few days later.

A% %ﬁe tiwe of infection all group mean woighls lay
Bobyecn 160 and 162 1b and the growth rabte over a perlod

of 10 weeks prior to infection had averaged 1 1ib per calf
per day. This average weight gain contivued unaltered in
calves of groups 1 to 4 and by day 20 thegroup mesn weights

wore within the raungs of 179 to 184 1lbs. The calves of



Calves Given Five Graded Noses of O.0stoxtapgi tarvaa

Uooup Mean Paecal Wowrm Igg Counts -+

DAY POST INFLCTION

Bay 17| Day 18] Day 19| Day 20| Day 23 Pive day
' Mean
Group 1 | 120 150G 160 580 560 286
Group 2 150 116 240 O 3%0 B0 220
Group 3 510 . L4o 560 750 %80 550
Gaoup & 570 3240 270 Loo 620 hsh
Group 5 | 1330 1220 1670% | a430% | pyooer | 1750

+ Counts = No. of Bgges per gram of Faecosd.

¥ b calves oniy
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gvoup % had a mean welght of 166 lﬁs.at day 20 and this was
significantly lower than the others. Tho loss of welght
occourred duving the week prior to the infeection bocoming
patent,

‘Hoomabological Data

Vo pignificant changes were recorded in packed cell
volume, haemoglobin concentration ox total red blood cell
counts throuvghout this experiment except in the calves of
group % whon during the diarrhoelc phase, these indices
iaaraﬁs&ﬁ,‘égg. the mean packed cell voluma increased from
3% to 40 per cent. This may have been duo to haemoconcentr-
ation caused by the diarrvhoea.

The btotal serun‘pratein4lavels and the albumin to
globulin xatiéa gid not alter sigﬁificaﬂtiy-tkrnnghaut the

gxperinent.

Faggal Dee Counts

Most calves had patent infections on day 17 pest
infection and all calves reached this siage by day 19. The
group mean faecal egg counts for each day Trom day 1? to day
21, btogetber with a 5 day group mean egg count, bave been
shown in Table 21. The differences in the mean faecal egy
counts of calves in groups 1 to 4 were not significant and
averaged 380 eggs pox gram from day 17 to day Z1. Group 5

had a significantly different group mean of 1,750 eggs.



Log.Graph - Day 2! Faecal Eqg_Counts and
Total No. of Female Worms af Autopsy
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Log.Graph - Mean Faecal Egq_Counts and

Total No. of _Female Wormis at Aufopsy L
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To determine the relationship between the faccal worm
egg count and female parasite population present in the
- pbhomasum tyo linear regressions were catculated in which the
faccal ege count was taken as the dependent variable and the
number of female worms present at autopsy was the indepoendent
vaviabie. In the first of these regressions a single faecal
wowim egg count takem on day 21 post infection was used as the
depondent variable and in the second case a 3 day mean ogg
count becéme.tﬁe daependent variable. in ﬂﬁaax o establish
a lineayx felatiﬂnénip and to make the vawiabililty df the data
more homogeneous it was necessary to transfovin to logarithmic
valuos bobth tho independent and dependent variables.

In the first case a significant, (P<ﬁ;05), linecar
regra&sienfwas found to exist bétween‘the ﬁue vaviables..
Howevers only 18 per cent of the variatioun in log single cgg
count was accounted for by the variation in log number of
female worms present at autopsy. Similarliy, using the 5 day
mean egg count as dependent variable, a significant (P<0.01),
iinear regression was found between the log 5 day mean CEg
count and the logz number of female worms found at autopsys
Tn this case 49 per cent of the variation in log J day wean
ops count was accounted fox by the log number of fomale woxrms.

Both of these regressions have been drawsn graphically
in Plgs.37 and 36 resgecﬁivély and in each cage the approxim-

abe 95 per cent tolerance limits as defined by Williams (1959)
are showl also. '



PABLE 22
Catven Given Pive Graded Dosces oF Q. osherdanl Lavvae
YORY COUNTS AT AUTOPSY
G ou; ADommanm | Drodenmn {
r1aed Tamgn & Tawnen & | Grand  Sex Ratile| Pexcentage
Dose | Digead Digest Total. M/ Isbablished
Group | 2,760 280 3,040 i: 1 6
50,000 1 13,460 Bl 15,906 3 2 C20.8
16,920 - 16,920 1 1 33.8
34 HCO - 3,600 38 i 7e2
B 580 kho | 22,020 | 1 3 % W 0
Meanr and S.D. 12,000: 8420
Groap 2 11,360 o ! 11,800 (O 1.8
100,000 | 21,840 720 | 22,5360 R 2246
| 304680 580 | 51,160 1 2 1% 3te2
4l , 060 760 45,720 T s ¢ b,y
20,0880 1 1,200 30,480 121 0.7
Moan and S.0. 28,3808 12;470 |
Group 3 46,640 80 | 46,720 | 1 3 1. 234
200,000 | 58,120 320 - | 58,440 2 : 3 9.2
' 39,320 120 39,440 . . 2 ¢ 4 19,9
58,750 Wb 59,190 (I 29,6
L B ,160 320 592480 23 1 29,7
Mean and S.0. 50,720% 8,590
Croup 4 58,860 14360 1 60,220 5 5 B 151
B, 000 | 21,080 1,640 | 22,720 v oi i [
FieBEO | 2,400 | 73.940 28 1 1845
54,946 680G | 32,620 2 3 i B.2
2l F20 880§ 25,600 | 3 1 2 Golt
Mo and S.0 43,6374 22,310
Group § 86,600 Not done| 86,600 3 3 2 10.8
B8OG,000 68,0460 1880 | 70,340 33 2 8.5
91,360 10,700 |102,060 33 2 125
§ﬁﬁzéﬂ p QEQ 87,680 3 5 2 10,9
82,610% 26,040 '13108,610 2 8 1 13.6
Mean and'S.D. 88,780% 12,460

# Died on Day 18
5D = Standard Deviation
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.| Linear Regression: Log Number of Worms
80 on Log. Larval Dose
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Cnives Given Five Graded Doses of O,ost

TADLE 2

artasd Larvae

Menn, Foecal Bgg Couni, Female Leongbh, No. of

Daps por Female and No. of Female Worms at Aubopsy

L3

¥aooal EEE

Femai@ ﬁ”hgtu

No.Lgas per

Sulf Hog Females Count/gm i o Female
Nu.f &utupsy 5 Day, Mean Mean + S.D,- Moan 4+ S.D,_
802 14,600 110 B+97 & 0430 | 16,50 & 5.89

- 805 64160 300 8,07 * 0439 16440 & 4.87
8GY 74280 O R00 8.70 % 0.h2 | 16.36 2 4.53
963 | . 31,000 780 8.61 * 0437 | 17.03 2 6.11
798 o 1, GO0 110 No sawple No sauple
09 1960 210 No samplc ﬁo sauple
800 13,080 280 7.95 &  Gulth 2.85 & 4.08
8a1 2R,320 290 - - 7+89° & Oty ﬂ‘} 76 & 2,57
035 1%, 900 300 - | Bul8 ¥ 04k9 | 1420 * 4.99
801 @QQGSQ 260 8»63 ' :q; (}q:}{i 1:} 8‘3 "" 4-68
80k 2951060 350 8,68 = 0.64 | 12,20 % b.60
810 i, 200 990 7.89 & 0.55 |  8.56 % 3.56
8153 27 11450 510 7.77 & 0432 | 10.20 % 3,00
319 18,360 -6ho 7.85 x 04,51 | 10,60 & 4,64
81z 25,200 250 8413 2 0L45 | 10.96 & 3.04
820 12,400 260 No sample No sample
822 25,870 310 B39 I 0.32 13.30 & 3.60
826 | 12,410 1,140 8.0k & 0.52 | 6.60 % 3.07
8391 | 10,900 370 Ballh X 0,55 | 16,96 £ 5.16
8§06 33,960 1,790 8,00 & 0,43 | 10.86 % 5.70
815 | 294140 840 8,12 % 0.50 | 12,80 % %.15
816 | 40,120 14590 764 & 0162 | 11.30 & 4,29
818 | 30,4840 24940 B33 & 0,66 | 13.26 % 3.35

8P = Standard deviation.
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Worm Counts

The results of the post mritem worm counts avre shoun
im Table 22. In all calves the percentage of 4th and Hth
stages was iesa‘than 2 per cenit, The numboy of worns
racuvared-frem the duodenum was signifigaatly Larger in
groups 4 and 5 thau in groups 1 to 3.

A significant linear regreasion wags established
betweon thoe log number of adult worms and the log larval
dose in which 60 per cent of the varviation iun log nuwmbor of
adult worms was . accounted for by the variation in log larval
doses The appraximate 9% per ceni tolevance limits wove
calculated and havg been drawn on the regrogsion in ¥Fig. 39.

The sex ratios of males to females were approximately

i11 and thore was no significant difference between groups.

Heasuremants~af the Length of Female Worms and Counts of
the Numbex of Boos £am-Female Worm,.

Thivty female Q,osiertagi adults were measured from
cach caif and the nuwmber of eggs presend in the uberus of
eachh fenale was n#ﬁad@ Table 23 sets ows the mean values
and standard ﬂefiationé‘ofltheiubaervatiﬂns ﬁaﬁethgrfwith
the number of female worms found at autopsy.

The lineaxr regression of the numbeyx of eggs pew
female on the‘numbarth.femala worms found at autopsy is
significaﬂt-ai the 5 per gent level bui ouly 24 per gent of
the variation in oggs per'female is accounted fox by the

regression on the nmumber of female worms. In other words,



TABLE 24

Calves Given Five Graded Doses of Q.ogteriagl Larvae

Lic:x:'&rnlyte Ganeentratiana af Abmmuml ﬁm&tenta

Grovp and Plasua - T Abomagai  Abuhasal clectrolytes

Infecting = . Ea@a}w;gmz ‘ o revaneas S 2o e
: m’ﬁh o " /1)31{31&&1/93;:‘ mk - jﬁm’ R Ci

?

| B £ A ISR B R
W70 ' 4.9 1 88 5.2 | 116
S 5665 B4 80 4.6 108

iy ¥ arern, 130 2yt 69 1992 | 123
bﬂtﬁﬁg La@ya&,;ﬂ . h8.0 g2 .§&‘ o &

Mean . , . 339 Gl "o 112
Standard Trror | 10,3 | Ry gLy h .9

39 . n? . ‘ ' .. _ . » o ‘ . -

S F0 b ey 104 170 1 11k
g L 9%.0 T 190 | 19k | 81
100,000 Iapvae | - 1159 o 1oL | ilni | 103
S L2l Zs8 | 333 | 3Ge2 | 28

Menw ' ?a& 8 i‘;‘ 118 'i'ﬁ‘q 3 99

Standard Brrow | 12 8 Y () O S 7

162.9 | Go7 | t30 12.4 | 105
3 - 86,9 T 134 150 97

B 5 B DR A ¢ ha 10,2 97
ﬁ&ﬂ&@ L&vvaa 92,9 649 156 | 11,2 99

LB 136 | 12.8 | 100
Mr;}as:a , \ AR T5e 1245 100
Standard. Brvop b2 -{}W‘ . R ‘ 2

o 115 _?»? A 129
L : 397 Gul 953
o IS AR 67 132

L, 000 ILavvas 5748 73 1 1535

: . 3 iia? %;& O

Mean . o TE2 Gu7 ??%‘

Standard Brror 1503 'y ,

1hY 10:2 103
Tk 10.6 95
1538 7.0 L 97
150 Gl 83

5 . S1.2
{1, 000 Lavvae Gl O

Monn ‘ - 8640 7 ule o | Toes o
Standawd Error| 1246 Gst | 3 1.6 L
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while there is a tendency for?the number of eggs per female
velationship between these two varxableﬂ Lg poor,

Pl idincar regroession. of length of female worms 0O
the number of female worms at autopsy wan wot significany
at the 5 por cent level., It was found that there was a
iinear zelabionship between the number ol eggs per fenanle
and the iongth of the female worm. This wregression was
-aignificant at the 1 per cent level:although only 43 per
cent éf %héxvariaﬁion in eggs pexr female was aeocounted fox
by the length of female worm.

,Jﬁiaunamimalunata

Tho results of the determinations on the pl and .
electrolyie (sudium, potassium and ohierxde) goncentrations
of akomasal contents and the plasma pepsinogen concentration
have been gshown tagéth@r in Table 24. A highly significant
rvelaotionship was found between the plasma pepsinogen
concenbtration and the total number of worms found at autopsy.
The 1inaag regression depintiﬁglthig relationship bhas been
seaphed dn Sig.hﬂ.‘ |

Patholuﬁical,ﬁata

Tn calves given 50,000 larvae the basic change was
identical with that in experiment 1. The unit lesion was
the nodule which comprised the dilated cenbral gland con-

taining a larva. This gland was lined withh high columnayr
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mneus seoveting cells, Surrounding this gloand were non-
parasitized glends, which had lest their gspesific
differontioted colls and were lined by low columiar sbtem cell
ﬂygeﬁ, “ﬁheﬁ the dose of larvae was low, namely, 50,000 orx
100,000, thase-neﬁuias’aypearéd'as discrebe focig with
highor doses, coalescence and overlap of {he nodule legion
led bo the worocce leather appearance of @ thickened byper-
plastic, mnon differentiated and non fuyeﬁiem&l MIC GSE «
Gybnivols similay bto that in experiment 1'@&5 ceon. The
epithalial sloughing of the superficial aﬁ@as of thisconvexrted
mucosa ook place shorily aftexr the emefg%nﬂe of larvac Lyom
the sueosal glands. The degree of this change was faﬁnd to
be divectly propoeritional to the dose of lavvae given. Hoence,
diphthevesis and congestion of the mucosn was mild ie the
100,000 iavvae group aud severe in the 800,000 group.

Plasma oell aggregates were found in the lamina propria
in ai& groups and were very inéense in the ﬁwa highest liovels
of infections Small numbers of eusinapﬁils'wdre founé‘iﬁ the
laniina propria except where lmrvaé-haévﬁenetratﬁd into it
from the @imnés; then a severe, localised, lymphoid, giant
céll'anﬂ cosinephilic’ granulowa occurred arowmd the aberrant
yaraaitét éﬁobular la&éuaytea were pregoub in all cases,

Eut their npumbers wers nobt markedly increased ad the higher
doses, o all cases, mavked reactive changes were presont

in the nbomasal lymph nodes. Where grogs diphtheresis and



uleowation were presound in the abomasal mucesi,; 2.0 in
B3O, 000 and 800,000 larval doses, there was @ superimposed

puvulont lymphadenitis.

DISCUSSION
Twolve of the tuenty-Live calvea developed clkinical
sipns andy in nince of th&se, dlarrhoea wos evidoent befove

the infections became pabent at 17 days posi-infection,
Diaxzrhoen Quiﬂaided with the time when most of the pavasite
poepul bioen were in the il moult stage of developmenby the
severdty of the diarrvhoea increased as the dnfoction
pregyesged, Clinical signs wewe absent duriung the poeriod
priexr to the Lth ﬁau&ﬁ stage, and this gupparﬁs the field
ﬁb&@rvaviﬂﬁ that large numbers of early ﬁth sbage larvae
can bhe present in the abomasal macbsa wi$&<nv,apparent
foe“* on ke wellwbeing of the oalf,

Ganﬁirmati@a was Ghﬁéined of resgulds obbained in the
Pirst expoirimnent iﬁ which it was concluded, that a gingle
dose of 100,000 larvao was about the mininun npumnber neCessary
to produce the syndvome of Typé I ostertagiesis in ysung

calves. & single lavval dose of 50,000 OG.osvertagi larvae,

which vosulted in a noan ostablishmwent of 12,000 worms,
produces ne detectable change in the well-being of L month
old Ayvehire calves during the first 3% woeks of the infecihion,
inoroasing the dose level about 100,000 laxvae produced a

corvosponding increasc inm the clinical gsoeverliby. AL the bwo
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higher dose levels of 400,000 and 800,000 larvae, zll of the
signs  of peburally induced Type I ostertasginsin Were pPLow
ducods  the latber dose level appeavs o hehethai within four
wacks dn galves of thin. ngﬁe
Sinee oue of the nbjeets of thisg mxpewimenf uag to
dotermine she relationship between dose size and parasite
populaiien and the firsd axparxment hod indicated that a
maskeod &9&& of adult Qeasteftagi pecurved during the bhixd
wook of aun ianfection, all calves were auntopsied 21 days post
infaectlone
Thar@ was a positive correlation belueon the Llog
Larval ﬁ&aﬁ ang bhe total number of worms Ffound at auvtopsyy
cuel that with an dncrease inm the number of laorvas adminids-
torod an lncroasad sogber of adull worms bovomae asabablished,
hqaad on Bhe rolative pumbers of worms found in the abomasum
and ducsdenan rospoctively, it appears thal there is an
garlioy igas af"thﬁ.agostartagi popuiatiﬂn in those groups
uhiich reaai#eﬂ the 100,000 and 800,000 larvaa. In thesc
Groups about 10 per cent of the fﬁtai»yapﬁlmﬁinn wa G
yocovered from the duodenum, whereas in ihe ather groups, the
ﬂuodeadi papulntion was oniy 2 per cemb. It is iikely that
" the aﬁvare abomagal lasiuns, together with the severe
dﬁmrfhaaaglaanaaﬁ +he acoglerated loss of Adult WOXIR pﬁ@&lation.
Talrd biLiOB of lavval devaloﬁment did wot ocour iun any

o tho oalves. Therefore, it seems unllicly that massive
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inhibition of larval development, (a prow-requisite of the
Type XX gyndrome of ostertaglasis), is solely a function of
a high level of iﬁrvai intake, a suggesbion put Torward by
Maxtin, Thomas and Urguhaﬁt:(195?).,lThg above finding is
31 controgs with thad found in Merino shmop, whereby single
infoutions @f-?ﬁﬁ,ﬂﬁﬁ_@.air¢umcinﬁa resul tod iﬁ-ﬁhﬁ el R rata il
lishment of large numbars‘gf‘ggrly hih siage @arasites in
the abomasni mucoss (Dunsmore, 1963).

Theve was no significant relaticunship boebueen ithe
iength of female worms and the number of woras present in
the obomaswmui bhus it can be concluded tkat thoe sbunting
of adult Q,ostertagi it ot a density dependent fuanchion
as dofined by Solomon (1958): Michel (1963) staied that
thore wag no correlabion between the lTongth of thoe fomalce
wnem and the number of eggs it contained. In this experimenty
a sisnificont linear velationship was found hetweecr these two
yapriobles such %natflunger females were found to cortain a
gré&teffﬁnmbér of egga; however, the relationship was nobt a
ﬁﬁg@ﬁﬁ?ﬁﬁ@b@ga@ae'ﬁﬁfthahvariabie responpe Found in
indivn&i-ﬁalves.-iThe number of eggs por fongle worn
decrenacd witﬁrmnlinﬁraase in the monber of fenale poavasites
im bhe ahomasum, albhough once again tian ww&étimnaniﬁ porete]
ot GLLoage Rather than attributing t&@ abhove zelationships
e tho sime of the parasiie pepulation kAT ﬁh@ hnsts 46 would

ve movs reasonable to relate the differonces in length and
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content of eges o the response which cach lavrval dose

slicited in the calf, because it was the vaxiab

@
fudu

ity of this
response vhich made the other relationships poor.

Faiiaﬁiﬁg a cﬁﬂsiéeratinn of Pigs. 37 and 38, it can
ba appresinted that when the number of Pemaie worns dincreases
an imar@as@ in the Tfacoal worm egs count xesullis. lowever,
twm graw%u gloariy show that faecal worm ogR Gounbo, debormined
duriog © the olimical phase of the disease, are net useial
cviterin £or bthe accurato prediction of the numbewrs of voxns
prepent in individwal ox in groups of calves. Under fTield
conditions At has been noted that a high @ruﬁﬁ@ti@n of glinice
ally affected calves had egg counts which were loss bhian
1,000 cpun pay graile

Phe oH of the abeomasal contents; cellected from the
calves which received 50,000 larvae, was ned very dilferent
from hhe values aﬁtaiaéd frnm uninfected calveas. By way of
_eeﬁﬁpnaﬂg foma rh@ﬁ chiange was ’abserved B Lhn wh of the
abamksal ?iuga fr&m calveﬁ infected wi“h i@?wcm doses of
Larvage Th&& @H change was aasnciated WLﬁh w;daapread 1055
of paviet 11 ceila wnluh ogcurred when the adulb wa*asztﬁﬂ

- 3
weré'emaﬁgang fram.nhe gasbric glands in the ahamaw&& WRC0Sa .
'Faytic digestion is negi&@zble at pﬁ vaiues abova %.' so that
l& L i&%aiy*that aawéons impalrment of provedin daresﬁinm
doey ccouy in these casoes.s ThiS'incre&SQ in the pl of

abomagal contents has beon shown earliey to ocour Ll Cases



1RO,
of the unobtural discase. The pH valumes werce covvelated with
ohanges f the electrolyte concentration of thoe abomasal
£inid, Table 24,

Tha marked slevation in plasma gepainogeﬁ‘éaneantfation
ig thonghi to be due to an increased permeabiliity of the
saverely domaged abomasal epitheliumﬁ since Large molcoules,
anch ag aibumin and polyvinylpyrrolidons e been shown fn
pass frowm the blood iute the gastrointestinal contents in
greatiy iuvoveased guantities in Type I¥ howine osterbagiasis,
Muiligan, Dalton and Andewson (1963).

The plasma pepsinogen level was directly corvelated
with bhe severiby of the abomasal lesion and alsoe with tlhe

numbers of Q.osterkagi present at autopsy 21 doys BesSt

nioetion. Thoese facts iuvdicate that plasma pepsinogen

Bl

concentration might be a useful diagnostic and opidemio=
logical ald,

Pha loslions weve identical in type to those descrlbed
in the Lirat expérim&mt-and differed only in Lhelr ivcereased
soverity., At dose Llevels of 400,000 and 800,000 larvae,
widaﬁpreadféamflu&nca of the nedule lesions produced vhe
fmorgccn leather' appearance and cytolyéia usually found at
antopsy of clinical field cases., This i aupbeory éa the
ohsorvations of Ross & Dow (1964), who stated bthat the
production of c¢linical disease at normal pabency was probably

dependent on partial immunity induced oy, previous infecticn.
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SUMMARY

Five grouns of five 15 week old calves sach uwere
siven single infecbions of O.osteriagi lavvac, she gronp
individual deoses heing 50,000, 100,000, 200,000, EOO, 000
and 800,000, ALl celves were aubopsied om day 21 post
Toafection,

Diarvheoea and welght loss wera ﬂbﬁ@ﬁﬁﬁﬂ-émﬁb wrLow
to patepoy st dey 1Y in calves given 100,000 lavrvae or MOPe.
¥ the colves in proups given infectioms of 400,000 and 300,000
ilarvae, Ghe soveribty of the signs and lesionsg iunoreansed H0 a
degres typical of Type ¥ ostertagiasis in the field.

Yarked incveases in the pH of abomasal contenis and
of plagon pepsivogen consentration were wacorded atv auvtopsy
in nll calves except Lhose given 50,000 arvac.

Thore was n divect covvelation bebuaen itho loz numbors
of wovas found at anbtopsy and the log larval dcse. Although
coryaiated, the gingle sanple and 5 day mean Faccal egls
a&uﬁﬁa wowe not useful exiteria to praﬂiaﬁ‘the npunber of
fomale woras at autonsy. | '

Oniy o few inhibited larval stages wewe Zound alb
sutopsy, wo b is comcluded, that inhibition of development
i unilikely %o bo a funciion of the lavwval dose sizses  Lilkoe
wige the wﬁunﬁ&mg o adulté was not a Ffeabuve of this

dnfocbion vegino.



EXPERIMENTS 3 and L

THG REGTMES OF REINFECTION UWITH

&, OSTERTAGE LARVAE



i )

'ihﬁ RL&I&““ OF REINFECTION WITiL “.iﬁ ERaAGE

LARVAL

TNTRODUCTION

Pho bwo provious oxperiments degewibod the expopde

monsal peoduction of o diaeaée indistinsuishabloe Lrom Type X
hoving osbevtaginsis.
P facilitote the study of the gathﬁgﬂnasia ¥ b

Typo L syndrone it was neceasary to praduce n stato of
| dnduibition of Lorval development in exporinenkal calvens
whovehy large numbaré of early hih singe porasitos wonld be
peasend dn the a&ﬁmasa& mucosa.  Twe ezplancitions hove boow
advonted 48 to the cause of inhibition iﬁ{ﬁ,ﬂgﬁ&#taﬁij
dnfoahlouss
(o) Gl dnl hi shos of iarval ﬁavaiopmcnb woasiis from o

m;a*nve %m%gkw uﬁ'i&rv&& over a shoid pay&uﬁ oF . el

CEavkin et ki (1957)3

{1} Canbibdtion is o consequence of duawilty deplved Lovw

e nenv;uus xmfea&iua, Ross (l?u}}, py da bhe later |

vmﬂ“aa Q& ¥ auywamﬁ infection, Miclol {iﬁﬁd}:

ﬂmn @iﬁ@ﬂzm'% and 2 showea theé yrlan saldv Vi cgpmd

ﬁmaﬁ#mw 2oand 15w nkgg were given b&ﬁﬁl% infootions of
Bodwonn H0,000 aud H5e3,000 Q,nstertagﬁl&ﬁﬂv&ﬁ goms U5t
pow cont of the etoblished worus dowvelopod te maturily
4 PF Be 21 daysg the pemadnding 3 per sl were prenont ag

onedy Bdk odage yawﬂﬁiiséﬁ Thereforae, i1t socms wnililely

Phad grase Inbibdbion o lﬂ&vai dovelopunms (lede oveR

]

53 pow oont of bhe beinl Q.osbordagd fareden) o asgoadatod
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sive iutoke of larvae over i shert poesdoed of

wi bl meoma
wh ik ¢
P present oxperisents were desdencd bo study the
aitersstive explinnticn, i.0. 0 Ffind owd 38 duicibd bion
s§ dovolopment couild bo produced oxpe: chaonbolly, by bus
vy

didfevonts veglmes of wuitiple reinfecibiot, Wi $8% Loarpo

};(r’iizdﬂ SR I ﬁ" ﬁﬁﬁﬁx‘ﬁﬂ grd, gi‘ IVEHEG .
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WAEMENT

CALVES GIVEN FOUR DUSES OF 100,000 U.S5TE0TAGL

LARVAL AT INTERVALS OF ONE WIS
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CALVES GIVEN mw DOSES OF 100,000 U,GSEERTAGY
| AP wrr‘wm,s OF ONE WEER

AT “ﬁ"“‘L&“JﬁI& AND METHODN

Wine wale @y&qh¢*a calves, were reoved papasibo fPao,
B 9 wesln of age, and woere then divided fdndo buo gooups of
B oawd § enlves rgﬁgqctiVQ&y so that the uoos woipghid af onch

pEouyy wes fhe sames Sach calf iu both awowmps wag doued widh

Sﬁ'!

TG die Jrd stage ﬁ.astartaﬁx Lawwns o days 3,710,
ﬁﬁﬁ'ﬁ“.ﬁ? sho experdmenti a total of 40,00 Lawwvao in &

‘sowndly dlvided doses wos given at intewvois of one weoels

3 m*%w ;w LTRSS

A duily Taecnl exmdination was cuwrydod ouk an Hho
moaee dopageibod yrﬁvimusay. The calvoo nowe woelgiied noed
gouplos of bleod were volloctled at weeliy fuborwvals.

Goenn 1y which comprised four palveas, URs soehoduied
4o bhe suhbpsiod 21 days nafter tﬁe last dose of lowens wos
pneosr, Secs day 42 of tho experiment, and tho xemaiudug
G eoiyvbe in Geoup 2 were o be allowed o sumwive fow on
adiitionad peried to find ovut if the inhibilcd moptintlion
of duxvac, 40 peesent, weald mature and prendunds slinleal
signs of Pype XL ostextaglasiss

Baasune of the sevérity of the discose, widieh xesuliod,
4t was ned posaiblo to follow the origiund plivk, For o ecld

s Srowny 1 died ou day 25 and J calves fuom Group R dicd ox
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23

Calives Given Four Doses of 100,000 Q.ostorbgsd Lazvae

at Intervals of One Usol

A Suwmmary of the SBeverity and Duration of Diagvhoce and the

Condition of Calves at Autopsy

Gaif] Hean Diarrhood Bgg-countn| Condition EAutap$y
Né& Weolglht mo.af Day of of 1000+ at Day
Bay 0 | Days  Onset No.of dayg|Aubopsy
Grovp 1
1 3/8 16 .3/8 Tn exbremis 25
a2 127 b 3&/2% 23 9/2# In extwemis 42
X R/ak 35 L/ 2k VModerate | b2
4 7/ 2k 26 10/24 Paiw S b
Group 2
1 3/ R0 29 6/18 In ewbremis 30
2 18/%7 25 20/37 Ty mgtremiq 55
3 129 1b | 14/36 32 25/36 X exﬁremi@ Bl
I 12/72 32 10/72 Paiy. i 136
5 9/72 39 5/72  |Padw 136

¥ Number of days when faecal worm ¢

af over 1,000 cggs per gram.

gg counbs




11&‘.‘

e awtopoled fu exmbeesds on days 36, it -v,uf% B of Bl
COROREAUNI G ﬂﬁxy ﬁu& ﬂmamau aurvived wabid Hhe soboeduloed
smhopdy Sime of 136 doyoe

RESULTS

%m§$E3£3i?¥fKprﬁi$333£§

Yo Slorwbuos ongd a Loos of bufbreolshly whleh wGeo
shmvaoabosioblies OF ko palurally ooourylng Glnsanoty RS
sotisod Ta ail ¢ dufecdod calvos. Disprhosn Slost scouppod
an day 16 wod aountinuod, gonsbines intersibiomtly, foe 21
Y. £@ﬁ"iﬂmﬁ-aﬂ‘ﬁﬁﬂy¢*mahbg ghown graphinaliy i ?iy# Bty
Wik Pavnt soeonded on day 26 aad was groskest dn fhooo
Gy ¥ Pkt ﬁhﬂﬁpﬁ prolonged, sovere dizvyhoons sons of
fhe soveiboely affdeted cnives continued i oo vnt Sholys wovpiald
serhisie whdle obbhors ghdwsd inappetance.

i

sy sodves beosme go weak thad Uhoy wovs mirahia b0

shoad wnd those were autopsied in extropio on dayo 2y ad
35 o 4o Qﬂ?&@&kbﬁnu Ono of the threv gsulvon puhopilod

e doy B3 yar alos Billed in extvemis. O bhe Touy apdves

it 3

amiendod Fow autopsy ow day 136, two woro Rilied in guurenls

o A0y Gh oowd 85 seopeobively. The elfstiond aipnn chiws by
%ﬁﬁ'ﬁ%w susviving oalves were less sevordy than 3 Bl oHhers,
pxd Pyom Soy 70 onwards th&y appeared hright and gadnod

R TRET ﬁ&mmm&r $o that obsorved ww‘*” Lo dnfoction,

21‘
=
&
“—-ﬁ«
2
e
Fad
f;*h
B
o
o

& ptmaewy of the eolinlonl ebservations bhan buon piven in
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4 1 1 1 1 3 [ ] L i

¥ & groph of tho change in pached ooll wolune

i 1 'y A 1 1
i 2 3 4 5§ 6 7 8 9 10 11 12 13 14 (5 16 17 18
NUMBER of WEEKS POST INFECTION

A . o o pon e te Iy E [P PRIV PRV ToF L QOIS i 3
o0 Ve) and bocseglobin consentpatien {10 )

s hwo ealves gdwon 100,000 Q.osiesboon
lovvae Gl veokily dlunlesvalge.
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shnftand &hﬂam ,

_izz':;mzsfz:

Froectuntions in pocked eell voluwd, VehoWe, did veou

fu 0il eolyas an hm.mmc‘i o or before duyr S5, bk g a groupn
Bhoes on ‘i‘?ms i srd dif?ﬁ?zﬁ‘ i’m)m wninfeshsd aodvas oF the

Goine nge. Durlng. i;ﬁw diarrboeic phases F o digeaps kbo
i-‘%é* e o ﬁmﬁ*vmiﬂmi galves incromsed Ly amwnrko of vp S

182 por oungg tiw lawpest dncyrease was ansosinted widhokbho

.

gifueds axf f‘nm* o gy days of emxtinmm w Afaorloons
Resemogd ninlay cmvzzenxzmxtizm and xed blood w0dl oowwbog

g:w%;z{é the ﬁ.i; .V.. m:amgas, but. were of & B 33 e

};m.:

»

ﬁﬁf&i%ﬁﬁﬁg The ?.G.V@ nﬁﬁ haemoglobin ﬁﬂ&ﬂ@%"‘nﬁhwh go Gy
mﬁwwuwﬁm: ﬁf the ﬁwu saives Nos. L and Be wrhidal - sieeivoed Go
goy %#bn van b graphed in Fib. Qai' ﬁﬁ day PP the
whelod . el vsalmmg of thgse two calves ﬂ:mm?’maﬁ B 28 sl
2208 pﬁx;ﬁﬁmﬁ‘rﬁayamtiVﬁﬁy-ﬁnd\ramainad*ﬁ% ﬁﬁgﬁakﬁnaw i@?@i'
wabid iy 3 whe o ugwmrd~£rend towpsrds proinfecstion
Lovaks wan noted imrimm this period il lmunoglobis S
TR A f'su‘ i‘t—iﬁ:} decrossed. No chaunge wan glnopyved dn e

b m,.% SRR RH I VAL S i:e:i.ers oy oibumin concemnbrafion Shwougshout the

cmameimonbal periods

ik el m,mzma sod Contents

s n:&mm;;:&a in the pil Of.' the atesemosal eontesds woroe
noved aw ;:z‘t&'i:sigmy ju all aaives, oxcept the fwe wiich swrvived
antil doy 130 of thoe oxpewiment. In thape Radter anlves Lhe
abomoosnt seidity wos simdilar to that found dn nten poavsodblaed

mmdmnin.  The i values haveo beon inciudod dn FTable & 2re



TABLE 26

CALVES GIVEN FOUR DOSES OF 100,000 0,0STERTAGE LARVAD

AT INTERVALS OF ONE. WEEK

POST MORTEM WORM COUNTS AND ABOMASAL pH

Calf|Abomasal |Tobal E Lth Sex Ratio Percentage
No. ph 0.0sterbagi | Stage * M/ Bstablished
Group 1 _

1 7 97,930 3 1/1 25

21 7.1 | 31.h00 3 3/ % 7

3 7.0 | 28,200 2 6/77 7

I 71 21,770 1 1/1 5
Croup 2

1 7l 52,840 2 1/1 153

2 6.1 15,020 3 - 8/7 I

3 6.8 43,960 1 3/4 11

b 5.3 1,080 8 1/2 i

5 2.6 960 0 2/3 3

\J
%

The percentage of the total O.ostertagi present
as early Wth stage laxvae.
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FEgeihad *iﬂx”“:is:‘;}i bain

edowbie

Pagrai, Bag Seunts
ARE dalven hod poboul dnfecbtions Wy sduy ¥
Snbaaomuntive warked day bo day fluctunbious fa the Tnoond

gy essnkd were Yoovvded from all eaivest bhogsoe ssuged foom

OO0 o G.000 opos Bor gran with a mean poals B TeO00 Gelreile wWricl
i k.4 w& A oo

m’ahci I%’Wﬁlﬁ* doys 19 nad 55. s the dee oalvos obic iz
s dtad %v:f“mm duy BS oy iﬁw exporimendt, L6 wne found
sho Lotaat g eomnds gzrdually decroeiiad n Haro T0 seud 90
Gaye afber thedw lowt Lnfecbion.
TR *‘?am\}. L of poah merbtom worm puukbs have boon ool

ESTeke am w i s; a8, - The posceniage of wowrms wwhials bad bagone

h,iniz':”'m*;a? was 2% wowr gend of Bho Larvin pduen,in the cally
ahelosss antopsied on Qoy 2% L.e. oniy b deyo afboe ¥ho
Lant gnon of invwacs Calves which were Tiiled Zsbor dun. tho
é::':g sdmont showed o progressive reducbion iwn dhe mmnbox of

Yromrs £ouail &t poest mortone

Por pomnhey of enrdy th stage paretibun vards Tevel %;sm'mmn

0 amd B wow cont of the “’*ﬂ:tal worim populsnbiin weavvened Lo

Pathotorpdnad Daly

Fovus nf,mw w%ai;::eh RO ounr&, wa:x*s:s ginorally S‘lﬁiai hoe b

, - o . . - g B s e R g corem e LN
Fitus R ﬂa piibod proy 'mm;&s,y s coalesconae of nnduics wan oob

;:m Wik we B z.&ﬁa tosh Ge An soma arcm::z“ sy oo was
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¥

H “

ﬂiﬂa%ﬁwamﬁu@QEVQ@ﬁiaﬁ of Bha gﬁandu&ar ol st dan awetad

Lha iﬁ%ﬂﬁﬁed ﬂiﬁnﬁﬁn Ldanod wmth mucmuw ﬁﬁmiﬁ; an wiekeh $ho
B %Hﬁ ﬁnvmiaggﬂﬁ_ B must ﬂasea, ohd ulae ﬁ!auﬂm YOG
omphye Bhe lovwvae having previouaﬁy oReRREte Ay prostlaost
1,5;4:%53;;?;{;3?@,@.;% TRy $he gpeasonisn of large sma‘i-iem arn 6% plagme oalls,
mﬁAF%@ﬁA&Eﬂ mﬁﬁ §Iﬂ$ cetls around the waﬁg s ﬁha whandsg
awﬁ ke ﬁi& niu o the n&and vessels pud ﬁ@ﬁ\m oL %&@'
ﬁ&hm R&é&%&tﬁl spucas bengath the supesiichad ﬁ.i%hﬁﬁﬁﬁma

4 E\%%&xm ks uﬁan~&n Qxyarimental calvoi, alvan ﬁimﬁiu
&mf,mvhwﬁmg wos bhe pregence of faivly Jowvge st oF

g&éh &ﬁ& ;@uﬁnaytws whichh wore emigraﬁ$h“ Fsvoe blho gapithddianm,
a3 %ﬁﬁ afh Ak, the deep nud thﬁ Suparf&uumi ﬁﬁiﬁm@&;m,%@wﬂ
affonhnds Abmua‘mal gections from cniven cniopsicd ou day i:}(i

whowed thad the aucosal ﬁpithelium had wovoebed o noranie

Pun sbago of dinbibition ox the prasTyps AL plope of
bowvino onbevtapginsis, desvribed in naturolly aoguived
dnband &Wﬁﬁﬁ'didwﬁaﬁ d¢Vﬁl§§ in these aa,vum winee bho
poEanitencs of &aw&y 4 stage parasdios @ ﬁnwuﬂbﬂ r&wg&ﬂ
et B b O pex cand. Ross {1963) gave bHoo fuel Anfeoilions
o %%ﬁ%ﬁﬁﬁﬁﬁfﬁéﬁﬁriﬁbi.three‘waEKa aperd. Ho aneb GF Wméx

P4 wonk «ﬂni\:t podves ondg zxﬁi} autopsy 28 4o L2 dove afbor Bho
saoad dnfooti ﬁﬁ, fﬂwnﬁ that hatw&an’a;yiFﬁﬁ Ge s pea onb

of b egiabiiabed yﬂguimzaans were inhilaliod ob o eaely
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Bty shogro. Ak auntopsy ofFf the four conlrod salves uhish wova

edvan dho gevoud degoe suly, botwcen 1.00 aud He3 pow pont of

fﬁ-f

e eebalb eL..,;:ﬁwd v'“w-a tdeons were dnbdbiveds Jﬁﬁ,;f} CENG r:ﬁ:&xﬁad

Bzl o :gxzzszagm o widh © TEEARATITEE A anfaction o "m,fﬁt’sleff‘.’?.mil:’:ﬁ} R RARE

af tho sosond dnfoshion was inhibited b aulitpnye FEomrawos
A% heo boom abowr aopiior that up o 8 poyr swork of bhe weie
siten wod dnhibdbod .ma,-&wmg single iwfoobions of hebuoen

gieetagi larvae GO m:“ﬁ.*sr s o HRLD GRo.

e, 000 and BG0L000 Gt

o)
P
e
5

,3;, Sl presont sxgorinect tha lasd gone Be 4 5

Bty W **“iwm i dove after tho :f:i,rw Cwihadiny o ’e‘%;z:mg;e;ﬁ FRrcisttsTck o

&

GE TrsRG wé **mxixgﬁ'*i»ai:éﬁ' thoir parasitic ,gimm:,& i!?.i -ﬁqﬁéiﬂ@xzmm.
o N‘n%xtz:?sﬂ}:?;:? ouy oF Towvae i’?ﬁmx the last éosmg ;@*s,t;ei,tgm fir whab
‘:i;‘s:t:-zsen%i’- dx .Mw:i enang of Mxhi‘bxmmu dl.d Tl BETe DM
Lo 3 A0 wiamdd speeny Bood the gﬁraaenm:m of 2 1@:@?@'&&:;:&@53;
smfoesion ov bhe prosense of an adult popnlodion 4o ot e
s Suirbos whicho mmnv 2 the :i.nhi‘b:it.xmm wd Damvald

dovolograat. Howvower, 46 is vogsible Hha a horooiion of Ghe

ceeny ohyslolegieal and pathological ohaiyg

,s;«;;;:;,,zm. TRUEND
ey Ax fhe onlves s:s{@ aubopsy, eonditlems siibdn the
m,nw:zmm, wore wolk Cavony alvie for the esinblinhneas 85 an
sntekbadesd pope tm.%:w a ol Osostertagi Lovvads I BYECRNE) RN W Ny
posyaeing alpes ol J.amim tion the abomus v oathunry moy ho
plpssiddod aw nild bo mﬁﬁmmtsa

Sy eiindenk ’«iifﬁaﬁae dava:{npéd' da soven i the mine

sabean nud Pive of thow bod to be destrognd fu [EELS s R

2 U REE DR R HES

ol sigas pore fandistinguishablo fron those shour
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by wniuas affected with Type L bovine ons

anned aod asverliy of $he diarchoen wm-:-
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TABLE 29

Repented Small Doses Pollowed by a Single Lavge Dose of ﬂ.asﬁartaﬁi
' " Larvae

he vl and Bloctroiyte Concentraticus uoff Abomasal
Cpatents at Autopsy aud the Plasma Pepginogon Concenbrabtion

Calf  Abomasal Contonts | Plasma Popsinogenug piend

i > Cy Tyt -

Mo, rpﬁ | rma» #.iBZK s ci Day 46 | Day 53 | Day 60
i 7« 20 118 £.8 . 88 1345 60..2 82,6
2 e 20 THy | 9.6 106 et 60,9 813
3 Nelba NeSe NaSa N.S. 2 4.6 5h, 4
4 e 10 130 8.2 100 10,0 39.8 6.5
5 Ve85 | 139 e L0 96 13.5 | 6he8  }H1D43

Mean 7« 26 133 705 97 k.86 | 5k.B6 | 76.82
6 | 7.0 | 133 | 7.6 99 | 17,27 | 36.5 | 59.4
Vi 7470 136 11.6 99 10.8 Shols 6940
8 G.30 | 112 .2 117 Yol 28.2 61.8
9 735 136 | G.4 - 108 14,8 Wi,y | 84,3
10 7« 20 133 10.4 110 1Rt 59,0 46,3
Mea Ve tO 130 10.48 106 1248 | 38. 50 64,16

71 710 | 129 | 9.8 81 LT b7.3 113.0
12 7 ¢ 10 118 9,k 76 122 4.5 | 87.2
13 6290 114 154 88 134 51.5 56.8

th 685 118 13.8 86 9ol 29.7 55.0

15 Mol NaBo | WaSa N.S.! 12.8 7.7 66.6

Moan | 6..99. 119 121 82 iRJh2 | ARJ7L B81.72

16 | 3498 78 | 19.6 122 1 13,5 - -

1y 2498 68 | 23.5 119 il e B o ”

Mean | a1 73 | 21.5 120 154 - -
18 7.30 | 130 ot 106 NeB. | 37.9 | k8.3
19 70 12k e 95 Neba 185 511

Mean 735 1297 Fol 100 - 28,2 9.7

NeBs 2= No Sample
# jon concentrations in mill equivalceunis poer litre.
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TABLE 30

Repeated Suall Doses Fellowed by o single Large Boge of Q.o0steria g3

Larvae
Post Moytem Worm Gounts and Measuremeunts
Group | GCalt Q.ngt@ﬁﬁagi Sex B hthi Par@amtage' Female Lengih
Challonge No. Teobal flatio Stage | Bginblished ()
Doae , i M/® i Mean i 8B
{ L 137,600 | /1] b 17 8,02 & 0.46
20,000 4 2 146,100 |, 3/4) & 18 7453 x 0,50
=y : 3 133,600 & 3/h4 ) 16 77 & 082
300,000 L 106,800 ¢ 3/4| .7 3 6.3% & 0.B8
3 102,400 | 5/4 2 2 Te79 &£ G735
Mean | 125,300 | =~ | 3.6 | 5.k 7 43 1 0,67
2 6 130,000 | S/41 1 31 | 7436 1 04h
so.000 4 7 103,200 0 4/5 3 25 775 & 0,46
hial il ] 9k, 400 2/1 b 25 8,19 & 0.44
100,000 9 119,600, 6/5 2 29 G.06 3 0.53
: 10 143,200, 7/6] 3% 796 & 083
Mean |V 118,080 - | 2.6 28,5 786 4 0.46
3 11 79,700 ?;,0 oz 19 8.01 2 0.39
e ¢ 12 77 » 200 /50 5 18 7.88 ¥ 1,08
20,000 % 451 36,200 | 2/3| 1 9 7.42 % 0.46
300,000 | 14 12,700 2/30 7 3 7.56 & 0.53
' 150 31,800 /11 0 715 & 063
Mean 57,520 | = | 3.2 13.8 7.60 & 0.61
b 16, 7,400 | 3/4 0 57 8,81 3 0.57%
20,000 17 3,500 1/1 0 18
Mean | S50 L = | O 2y .81 % 0.57
5 | 18 . 176,600 | /1] 0 4 B.03 1 0,48
noo,000 | 19| (12,200 5/6, 1 32 8,45 1 0.56
Mean 151,900 -l 0.5 58 B.2k + 0.52

£ The pevcentage of the btotal Q,9stert
axl count presentd
early 4th sitage larvae. - ° 7o

* Combined sample from both calves.
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markedly 7 dayse post challenge and vamained high vabil
HULEOREY @

Tudividual and group mean values Tay Hha bigohomical
dotevminations aye shoun in Table 29.
Fﬁﬁ&ﬁ&%@lﬂﬁ&pal Dnta
Pacual oo Govabty

?wmutywune‘ﬁaya afﬁar the first &nﬁa of Lavvae the
faccal gy cound @f all calves was negasive, buy by day
the wajority of jnfections were pabount.

-'Thg meanw faeeal WO egs caunts fram caivas A eaeh
*ﬁw@un kav heen,grﬂpheé in figure h&. &niti&&iy, ooE
et fwwm lnd&vidual calvea graater zhﬁn 1,6&0 @.p.a.
wore net wecorded ﬁnd the group wmean e ﬁaunta did nod
u%&ﬂ@@ 5@% SePells

?Q&iﬂw&ﬁ& the admimiatratinn of the challenge dose

estortagd L&xvam o day 46 a sigonifiepnt decroase

@wkuyw&ﬁ\in\ﬁha group wmean agg counis of Gwonps 1 6o 3.
The moan counts decrceased to 1&63 tﬁﬁm TS Geppette From
day 5o @mﬁawﬂs, th&§ iy 12 ﬁ&ys post chnllounge, bthe mean
can cevnts of ﬁf@ﬂﬁs,g,ﬁﬁd 3 bhogan gn jneronoe and yere
woll nkove 1,000 e,p. « by day 67. The wean egg count of
Group 1 did not inckoase until day Gl vt it countinuned bto
pise thoveafter in o similar fasbion to Groups 2 and 3.

Yo {nunis

The vesulis of the post movtem wowr gounts are
shwe dn Table 30,

Phe bobal worm counts of Groups T and 2 wers very
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gimiing but she percentage of the dose ooiabiliched in
Gpony 1 waes approximaboly balf that of Greoup 2. The worm
sourts fvon calves iu Group 3 were siﬁﬂﬁfiaamﬁiy»ﬁi?few@mt
f@wﬁ Sl iu'Grgup,xg the numbers of worms Sound al
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T
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no difdevence in the length of fenale wms praseont dn tha
enlwes fwvom Groups 1, 2y 3 and D.

Bathate

DA R WA

foglonl Doala

Wi desions were similar to those deseriboed earliic,
T enives from thoe &hall@néed groups the Lesions wewe
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Lishod wows populationy, in excess of 58 por cond, vas

im habited nt she oaxdy hth larval stage in the enlves

anbepsioel afbor day 127
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By somparison, bthoe regine of infoobion describod in
the pwogoent expoerimontd did uot rosult in the inbibilbtion
of a sipnifilooant nroporbion of the aghablishad worw
Busdoetts

Put TOABONS Moy e ﬁu&?estod to cxplailsn thip differ=
GRY X0 wdd, Thoso axres
{2) that the rogine of 1nraetxun usad yas neldior aa

geand Mufjnﬁ pralamg@d as in Michoelts onperiuonis
ﬂﬁi}- St dnhibition o 1arvél.ﬁévélaymﬁn$ moy be

&ﬁaﬁsfﬂtaﬁ &iﬁ%'%h@ age of the hoote
Bhe eoikvos dn Michol's oxperiunent wexeo Bebreen 105 and
273 days 0id at thoe yive‘af,ﬁheiw fxrm‘ dnfaobiom, wRoPEns
Phack QQLV%ﬂandﬁ i1 the présant“étudy‘wmr@ 4% Sdave old when

Pipsdk Andochod w Lo Geontoriaci. e yﬁﬁ#@&ﬁﬂ emn of ERES

posbarean e bbesy poished, SRSl ohohly wess R e piten PR

ox hio

A

sl
s

P seoond factor thought to be wosppenoitbila

duhibitien of Ososbonbamd development is assensiasted with

shyeiolsgioal choangoes in the host, or in ¢he lufecdive

lepvac feund on pasture da late aubumer, ond dhoese changoes
have boen discosged eaprlioer.
Thoe lengbbs of the female worms agulioedsd foowm
enlves i Geroups 1, 2 aod 3 did not diffar sigadficanily
and thoy wewoe ned di sront from bthe cailves iu Gwoup 3,

sitieh roseived only a single infection of Lot , GO0
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@;@mﬁmﬁ&&gi Laprvac. Despite the fact thot thewo were only
e calven in Group Hs 4t seems moxe lilsedy Shnd stunting
of aduld Pfomale woras is o function aseocinsed with tho
sndividunl calf respounsco to infection #aﬁh&r shoan an
enpyresaion of the numbers of parasites progeadt pox 8

Phose weoults cenfive n siwmilar finding dogseribed caviioyw

am Ghe socond experiment. The loss of bl pdud b worm

<,
S
o

sopuiniion observed bebtween the 21st and 20tk doy adbow
large idnfootlons of Qe.osiertagi was agais coufivmed in
ﬁhgﬁ Qxyawiﬁent; the mean worm burden deercoocd Iyom
118,000 B0 57,000 betweon day 21 and day 25 following an
infoetion of 400,000 laxrvae (Table 30, Groups 2 and 3)e
Bawing the period ol O to 45<day$ post infeﬂﬁiﬁn,
-whwm ¢am% oenlilf in Groups i, 2, 3 an& I wvoveived dally
iﬁfé#ﬁ&ﬂﬁﬁ of 1,000 G.ostextagi, no cliwiéﬁl &@ﬁérm&;iﬁ?'

woo dedectode It can be concluded, thoradowo, that wows

burdons of s tﬁ‘ut-lémﬁﬁ.7,000 adult Qe onbtortnsl produco
ne dedooetablo ﬂﬁangg in the well being @v“ghyﬁiszagiaai
atote of walves, 63 days old, over a perisd ©f soven wesks
fodloving bhe fivst dose of lavvae. T adddtdan, thoeso
salvos proved e be equally susceoptible to the cffooio oF

o single lovge dese of larvae as did these calves yhich

J

did wed wogeive the daily dose regime.
e vesuld of the challenge infecitions was tho

dovolopment of o syndrome indistinguishabio fvem Sovero



[
vanans of natorally cccuwiing Type T bovin o ogberinglacic.
Gidmdeaily, ecalves du Gereup I, which weaodved n challonge
jnfochion of SG0,000 lavvae, were affected coarlics and more
severoly than sthoese calves which received LG0 400 loxvacs
Tan of bho five ceanlves iu Group 1 died Bofore day 21 follovwing
the challonge infecbhlon, thus confivmiyg amn parlier ¢onciusion
thas o sioslc infection of J00,000 O, Ooomhmmbarl larvas

Bils age.  An she

=
‘3‘..

approachos the lethal deso fox calves EX A
aaperimentnl designy 4t vas plauned Bheh Bl galves of Graoupl
gould Do aubepsicd on day 134 of the exporinont, but the
poverdyy ok the climicnl signs was such Shatbt il of bhose
sadves would have died boefore day 77 so thoe buwe sweelviog
salven vere anutopsied on day 7.

he increased anbomasal pil values aud dthe chaonges noted

£33 ﬁu%nwv donio eﬁnnuﬁﬁwwtmeua of sodiam, y@%aﬂ"nam s
chieride wore similar be bhose already ﬁﬁ&ariﬁméa

Fho plasnn popsinogen concenbration inoroascd
dramnbically sEbse—seyen—deas , following sho ehinillonge
infouvtiong, and continned to increase wnbil auwbopoy day, bthen,

At previded a good dndication of the seveslby of the

patholopfenl ehangos dn the abomasal mReoss.

e lesions rosemblod those found din severs Ticeld cases
oF Tyee ¥ osterbaglasis, that, is coalostonse of Hhe muosesal
nodulen, Shiclkening of Fho wucosa, marked celiolor Infileravtes,
both of cosinophils and plasma ce!ld, dovelopnent of
Yyephorobicuiar foul deop dn the mucosn, and & .3&03 vascular

difabantion with vodema evident beneath the superilicind

amdolceiumn

ES
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SUMMARY,

Fisseen Aveshive onlves, 03 days oldy vere infected

aidh 20 doses of 1,000 P.osteringd ladvao OvoE & s

af one ubuth. PThree weelks alter the Loot doasoe bhease coives

gers plven a single challenge infection of eldher BOO,.000
o B00,000 Qe.osbeoriogd layvac. ALY calves vere auvepsiod

withdn 28 davs of veceiving the challenge dnfociiome
o oxperinent was designed o pi u&vﬁw o adabo
whorely & lapge propodlen of bthe esiniidshad verm burdon

gould bo precend ag dwhibited early Liily oboge parasiliesS.

s

Pho mandmum porcendage of inhibited lavvno WHEOVORan was

¥ el ¥

SOV @ The posaible reasons for this Falluray, Bo producc

subibiblon oxpesinentally, have becn Gisousaaid,
e rosulbing cligdcal syndrowes, She pethologload
and phyoiologieal changoa present at antopsy, wers

.

dpdistinguishable Prem Ghose found in SevVers GRoe N

paturally egeurwing Type I bhovine ostoringiaoio.
Goufirmntion hag boen obtained abhond tho faso ot
aduld woeras botweon days 21 and 208 post dndec coilon, alse

the supoeintion betwoon stunting of woyms oind vhe

sadividnsl Rostbs DODpUEGA.
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A CENERAL SUMMARY OF THE FIBLY AND
sy T EMENEAL RESULTS

EATR I L) - . .y - SPRI. % TICrTAg P s Py e ey .
Peliowing o shudy of nineteen mnn‘a;n,z,s.:s‘.&rwx G novnrally

PETTTaYEhun mgg Bowvi .nf\ parasible gastreenteritis, do whiv B 5.5
por senb ol 337 youag daivy cattle wews olinically

aiPentad, Ql.ostorsagd was the predomniannd nonratods peedon

e e o S i . . ~ - . VRPN < [P A JURTS KiS 2
Fouwsnd,  Phe Lields whioh wore used yeayr SRLOE yaar for the

*

pristne o roplasemend calves, bogethay with she prac ch e

af seamlng opring bown sod awbunn bhork wolves dn she sone
freld, wvere Toaobows whie W were considoewsd be be aajor
prodispesing causes of suibreaks of this cceasmieal
Awmpror b b AiGeans.

Throe phases of bovine ostertaginnis Vﬁl‘iﬁ?l‘sﬁ.‘.‘i{. 20

-

distinpuisnbed on the bagis of clinical bilslory and

£

habmeobney findings.

Erratany '§ e gy g = % A o Em g B 3 & g + Fid
IR 8 worvesponded GO the classioal dopeRipaion 2%
R A ~

-

oiindendt oupasibtlc gaateliis in which volvony o gerass for
S Piwsd Bdme, sbhowed a loss of veight and ddayrhoeca
whiol cusereed ot any Hdwme from lade m:ﬁ“ﬂ* wrnbdd tha oud of
Hhie grosing sSeastils e vast majorddy of the ingostod

Lowvan doveloped do modurdty withis the aupaobod powiod

WSEYDE BT was olinically not apy sweend Shoeush Lopge
in A f.

e =
3

I L S S SR S o y
wing oF O,opboringl Were presos afe of whilobh aver

A por aont were inhibibod at the eaxlkly sk wbapga of
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presduee aebdd the lodo
drazebonn and woualily

Sha gocond olinical phase, 'f Type She woon LT

s P t\l iy
: i l"ir B

1

diaresboon o walght

& m &
wizial LT

o i

?3{:?:**2[‘4 '!9

PITTRES sndaars abouny

L

n

gordod ol

.

nudmnids v

3 i thad

arown £ ";d in Q.}LGQJ" lonyg Ol gﬁ

AR

ardsed o lose weight ond He

105,

Theso andmals bad gwasged dafeo
anbumn, buad had o

mpneared hoaltuw K

solves, whioch had wo Bigtowy of
loos during the grasing poapon and

- -
Andon, WeEe

the %mt:,mmmxg of Newombmi, AFLGow o

i rangings From 5 waclka o o bin
& 1) g

Fon sap v
SRS &3

e 'é:.rxazﬁ;*-':;,r giavehoos. Fhe appearance of tha @idw fank sismng
sodaetodod wibdh dhe dovelopuenty m ot ity sl SRorgense
Doy Gha abomaool muneesn of lavge munbors of fuakei bl dod
Geppiowingt larvac, wvideb were ingestod duzdap the lavo
anbuvg grasing porlods

B he diagnosis of bovine osteringinnils sl wooulio

£ by ey ) -
o Foadious graem Qs8s

adven with ogs

\flllrf-un

K3

slindanily affoceed

AT WONED G Sounbo
aos cowrks gould uot

£8Py

AT
l@:ﬁ‘h iy aEE !4"5? oy oS TG -+
of Typo KX

S blond WS poor§

wlivtob ocourred in fndilsidual cosos,

to

cotnda must be intorpretod conblonaly.

agounbts of 1,000 cupeite M woor wQwa
saimoLls. Becamse oFf the gross varisbtion

axciunde bovine OQEOIW whio

IC: TR S A -
e WAL Fa b mud Zz
*:;& ot (01? or i i;ﬁ:’ \1

ronbind dlagnosis.

tha effect seen ifwm Vype K eunses, the

¥

affocted animals ¢ anthoelwinehic

mpaequenuiy, bthoe proguosio wan grove



appemio, bypoweoboinnenia and Byy adbawdnaomia woRs

P T IR 9 R B i 2B .n s " K 3 . R,
PR S G A2 GRS ) el o8 A REESAL Sk iy, ale & T . m.; PLAS R S SER Py AU
wnes gedosbod dn Gugedb OF s ¥ osterbaginsii b onBug

T o N b I TL wnenprrir s gy
of Tyope BT there ssoursed o moderate, DROEIIEYELG,

2 I

gopmneeihs sadie annemia and a marked hypoalby pndnaomian. The
glapun pspsdnagan sonecantration of Aufoudod salves wno

samcirennai, markedly so dun clindonl cacop, 2and coampnlosed

wmﬁh.%h‘-;mvwﬁx&v v Lo abomasal 1esw" auedd bhe nsmberg of

O} a wW1NvE3¢gnf$mmﬂ ot aubopsy. The pi awd godium A.5wse
avncentration of the abosnasail conbents wno mmyltedly incronsed

T EY

du Pypn £ oand Type LT cases, but was oney sidchily olovated
heaw kt' A

"o AT . - -:"s-v‘z % = e F K . .
dn Broefrpe L affoched aninals. The y&ﬂmiﬂimgxgﬁi

-

oy . IR TS g o 3 es oy g} el A
shaormn bl tion wen anoeadtated with moaehoed RE

ciwraes within the abomasum. These woxoe Jdoegseslbed oo 2

Sy of colivloy differentiation of tho aposislised agalla,

PR TRV K . E JaBeey o Yo B2 agyer amegeld o8 eI R b gy R g s
bypevplonia of o BRo00s epitheliun and falildteation by
potioulieeendotbolinl cells. Farther study would e xogulved

MR % iy
A dEfien

dsh how dhe parasiteos caused Lhoe nbmocanddbios

*,

A detnilied study of the naturally puoredng dloaaaoe

povealed that the nunhors of larvae avaliobia on vhe pagsure
1A

af She osld wearing fLolds inereased prigroasively £rom May

he July and weashed o waalk et the end ol Aupunits Type X

R € i e Bt o £X R .. . - 2,8, .
Sdooane ccourred afber ¥ o 10 weeks gEauing on BRELE

pasbuess and SwEe G0, Q00 to 00,000 Qeushowtnmd oo requdeed

JMI S

i presiniiobe clinieal signs in calves of & o & mumbths of
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aEe. G coentoast o the worm gounts Lros salvon cuispsicd
ardios bn Ootobor, o marked increase im the muwboro nx onDly
Ash shage pmvamm&aa van Pound in both provieusly Anfoedoed
and gy Pree calvos which bhad grazed che Doovi Ly
sundnninated ponastuve, fow asg aha‘t a poxied as 10 doye,
dupdng the labe auduun period. This phowoenoyan was arinacs
Ty dabited bl os o€ development at the eawdly kb laxval sbogo

andl was advieiboted to an unspecified physlelogical chango
ey

widhis bhe hood ow the lavvae atv this Hiae off bBhe Pon¥e

Tl pn%iﬁgm&ﬁsis £ a single infoeodien of 100,000

W;hﬁﬁﬁﬁgﬁﬁéAiﬁﬁ?&ﬂ was shadied experimeuinliy lu paeasilio
s solvas. Sdghbocs enlves wore aunbtvpoiod in paiva feom

# b U0 days posd tafection. ‘The lavvee wees found pithin
e gedinele gronds 2 days afber infecbice pul omowgemned
@eom e gloand dnde the lumen, which ¢ oinaido] wdiith pabency

J

amsl Sho dovoelopnont of @liniea& gigns; soapnrred babuoon
devs 16 and 21 after infe atiauo Inhibition of developmond
TIELES ﬁa*-@ﬁwuﬁmﬂﬁg wat o marked loss eff adwili wowme octurwed
hotwoan 16 and 38 days afbter infeciior. 4JLL Bhar Kol ons
a@ém an bhe t?@ﬁ@ﬁi f%ﬁ&ﬂ case were r&ﬁywﬁ SISTEN
wisl the growth ol the lavva,  tho g&wuwl X onened

Ao sedt dad hag&m& Iined with umdiffawa iz%&ﬂ@ Rl mucons
soils e produae bhe ﬁ&m&actariatic wiid e wmmessal Bodnlo,
ﬁﬁi&ﬂ\me:fu%ﬂm&j SR gn tne fnudic wofdemnm of Ehe ahomasim.
Podow o ﬁﬁﬁ-#ﬁ%.lawﬁailmﬁult at day & of the infeotion, bhe

sosonohymal reseblon was slight. Townwdo tire ond of bBha -
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e Ldmed wmth cuboidal goalls.

Goaloacounce of hyperplaotic nodules producod $he Tmervoee
Tornthand apponvanee of e mmodsi. Ve Sho peras onesged
Peam Gho gesteic gleonds, they lay cloue Ha Bhoe supfaoe
pdshalian at which alte cytolyais angd supoeifiedal aloupbing
poeitrecd ., Plasma cells were nuneroeus an whis Blno.e R&gimeem
wont and differountintion of dhe glandulaw - ek Bire Riues Lo

k@ waETY
i 5

aloulye

Fn %u.cypwr¢mc

A,

. . BRI
SRTTANCN LRSI

attompht Lo

3 ¥ et

dahihition of development (o necessary EIGCREg Ladihe Ao
s appasrance of the Syps Xi‘symﬂrnma} Slueows asinos of
tufaekion of cadves with Deostervagh Lorperne woews anyrled
oy Flwadly, ﬁﬁﬁigﬁ af five calves wans glhven siungle dvoes
ol B, 000y 1ﬁﬂvﬁ@§g 200,000 #00,000 wmd B 000 Lowyaos
gonomdly, calvon gare glven four desesn of 10,000 larvas ad
e weol dtantervala, and bhirdly, calves powe givon 240 doges
of 1,008 Xavvae svor A8 &ays and this was felilowod 21 Aays
Iador Dy oo ﬁiﬁglg dAose af eitbor 00,000 T SO0,000 Tonvan.
Whon the salves wepre antopsiod, usualiy 21 deys aiber the
lant dufoubion, @ ﬂi@miffvanh degree af Anbibdilon of
‘MMVQf~l"Wm“@pmﬁuulmwﬁ ok found in . amy @ the Ue.ngpbarbumd
RPN ﬁﬁ@&imti@ﬂﬁ, Glinical sipgns of Ty £ ﬁﬂﬁﬁ@@ﬁﬁh&ﬁi“
soewerod A Ghe e wr::x. vy of these calwosn and ok am m:yny hire



3681;

. gy vy ROT L W T, S T U+ —— e I ;.i ey 7

plucenebordsbico hicchomicnl ﬂﬂﬁ pathologiaad ol
g o A o (A y 3 % TR 13 a win ey 5oh e o a1

aconaintoed with the Wyps I disease were orgrnd o

e b was consinded that inhibliion o
sE Deosbsriasl larvas uwas aot reloted o dhe W
Yol dnfection noer was 1% an inevido b
vy ious multiple infonhions
Houever, before the pathogenesis M Tt
syndeune ann bo adegrodely studied, iuhbibdtion
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evadone

went wwed be dndsced in calves. An apsessmont of L
cnvivsamental fachors, op the pessiblo aliangss dn Sho
vhyaioiegloal wmaksap of oab ?ﬂﬁ paraside assecinted wiin
bho pre-typs LL and Typo IT syndvomes, uunld, woest LIikoly,
wovend the mechanimn oF he inkibibion phowoueee
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LERODUCTLON

slng Bhis Anvestigation into Hhe sauges aad pabtuaea

gf purgslbic gaodrosn sewhtis of veoung dodey calves L6 uas

ageeanary  bo dnteveducse now sechniques, astabiish normal

3

exdtords aod to gonnaider the sources of vawdavion

W

£
-
#'lll
(=3
o

G
Sire methods used, The need e gaxey oub ouch
dobtoxminakions avesse frow the fact that Hho Anformubion
eoguized was ned presont in the availabbe Litorataro
Phe rosuldts of studies cavrvied sud on Hume oF bl
wethods vond in this ianvestigation havo boon Ged ous 4w

Hhee Pollowing ayyemﬂﬁaam which are geroupsd dogather oy

wkh B ool

Ik’

ansy sefevonea. A briel intrvoduction wolsve
sopde vnder censideyrnbtion bas been ineludad,
VLIS Lha &wv“ﬂ%igatgoa.aaﬂ the noduee of natupelly
ﬁaawzﬁsﬁﬁ'b&viﬂﬁ-ﬁﬁﬁ@rﬁmgimﬁia 6 considerabic amount of
sued. ATbBow pérusml, gowd of bhis donbe was
eousddoved to be of oaly indirvect value and has ned boen
i ostoged im.ﬁﬁﬁ Lody wf the thesis. Aﬁ&vwwt&a&e$ﬁg tow
e poke of completencsos and bo assist oiboxr wo priiers wiil

ppoeciol dnlorosbta, Guo aspects of the oisdy bove boocn

ineindged du Appandin .
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Sohain {?9& } veviews the repords of maay Suvestilgas
tiong velnbing o the wovmal haemabological peiderls Qo

byl s s

inge agreoment bas beon establis ol widh ropavd
naemoglobin coucenbrabion, but a
considoraile depres of wardation bss boon Erra ot
monds of packed oell voluwe and t&ta“ wedt pod white blLood
gell o hs . ﬁﬁ%ﬁ of shis variation wosg uwaldeubbedly due
Lo Bhn different metheds employed, thoe e venenld babundond
cvrars naseelobed with fthese methods and Sohalno madke @
wlion fop unifermity and standardisation o¥ NGRS o
Amnng the specific souwces of vamintbion noeboed g

o

povmnd boomatological oeltevia, weve bhe aflfs s b oF braced

(

o L e o 4 = g 4 4 A . wogry <3 fr 3 st T T g 1]y
differanes, apEe, elinadte and aubtritiongl sitadbis. Undoz

Bedbish conditions of WAL sement, age appenrye Lo LEOYS tha

na

pronbenh affect, Holaan {1955 and 1956G) s  Gpeoboren
(rash aad 1957). Greabowex (1957) sboued $hud Bha Gobal

wad bleod cell counits of dairy cattlo wtwae Brhgheat An

)

coives, sud thesa values decroased praducily wedil ths

+

adult level was atbainedy this occurrad bebween 18 aud

he of npee Holmon (1956) stated that bhe mest

definite chovnge in Ayrshive catile ocomywed in the wmoan
cell colmns which desseased from .9 cubic microns ab
it bo 90.8 cubde micwons at 2 wonths B nEo, adhor

whvieh Bims 46 iucreasced slowly to 57.0 cuble nioronsy
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she mopsed value Per adolt cabile. A slmddaw bk Loan

mavizas] bread wan nobod, by this awvthox, in ths paslked cell
golune and hisod haemeglobin Lancenbra& (e

Phuhar {1062) nsoed bthe micro-haowmad sopds nebhod o

dotermine shoe paoksd ©oll volume of Ageahive catéle, Bho
wosulbs of dhis &avmmtimﬁiom ghowed that dhs suiero-
hosmateoseid centeiliuge gave bebder packing off @i solls
AN ﬁVVer'maah alnrior bime, bthan othor Gypus of cenveilvge
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Ta LﬁﬂV&L COUNTING TRCHNIGUL

ENTROBUET LN

The volumre whickh onch larva occuplos Ao smald whos
ponpnred width the velume of the puspendismg Ciuid, Undow
suelh civeounatonees 4% is most Likely Sl countg of loapvae
por wnld velume would be distributed pcoordizng to tho

®,

Potsgaen aserlos, in whick case the weaw. uouwne ¢ should be
anmmerlenily ogual be the varience, (ﬁwﬁﬁwvmw (1063} )« L&
sollews Bhat for o dose of larvae to RBie Bevyeom & § o
2 W por cent of thoe meon, 95 timos oud of o bundwod, she
PO ﬂ=mwmh@f.u§‘cuum%$ o estimate the mean comnt of
she deso will vapy o each value of o wmeab, aoeording
vo bhe Pellowing oguationss -

(3} Pow z 10 por cend of mean count

toree i s
el = -2u/m  or w = B/0.00x

(23} fox x 8 por cout of wean counl
G.O5% = #x/u or n = /0, Gl

el 3 bupd nl o

iw which ¥ = wnean cound of lowvao

and v = oaumber of counts.

A noon conab of about 20 larvae poir GO0 mii samplo

gns found te be ideal feox counting undew whe 20 Sdmos
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8 v
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L
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TABLE _ 33

(a) The HMean Count, Standard Peviatilon, Veriance aud.

Limite of 50 Counts Taken from Tive Plashs

Containing Pive Litres of Laxval Suspensioun

Pavameber Pilask 1 | Plask 2 | Tiask 5 | Fiask 4 | Flask 5
No. of Couunds 5O 30 G 50 50
Mean Count k! 9; é}g 3)!':1"""" 23;\?@ 29 a.ma 389@8
4 Sbandard Lo 1% bt 5. B8 BeR2 L,B6
Daviation |

Varlanscs 1742 16.88 25489 27.29 | 23.59
95 per ventd
Idsti e as o . , .

+6 . : e +
percentage = | o] x5 - 3 xh
pf Moan

() The Calculated Minimum No. of Counts Required bo Give

s oy . , . s
% 10 _and = 5 pewr cent of Vavious Meon Values, 93 Times

Qut _of a Hundred

Mean | Nes, of Counte Reguired

Count | +Wparcent of Mean & 5 pevcent of Mean

16 25 | 100
20 20 8o
2% 16 ‘ . Gl

36 11 ‘ Il
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A0 RESSATABILITY OF THE LARVAL COURLING EUOENIOUS

Tr sdditdon bo lwmowing the accupaly of Hho foshuigue
34 48 desirable %o koow uhobther or aod ondinonen made av
A fieeonts Simes fromn tho same suspension el Lagwvae, provide
o wopowhabie cstimate of the true meaize Ahe quondion X
vopeatohility wag oxomived in the folloieluy Wmmmhdnt.

Peom o bulk souplo or titres counbailniog abows SO0

lawvas pow wly 20 somploo of 15 mil ecach wowve pipobbed inse

o

@ 5

: : ¢ . o o g S <0 E ey B o de oFemaren
sopnrate botiles and stoved at +0 C.  Civrenbdye-oigbd doys

\

Pohon Ponr bebbtles were warmed Lo xroom g sovoabure o

* +

aftor thovongh nduing by inversion, 2 20 voundgs o asboat 80

Clawvoe por 0,02% wl wore mede. Yhis puw A sy uns Popcated

ok e, 6F. 99 and 141 doys after the indbdod covud. The

;mmﬁgﬁﬁﬁggm of motile Lopvae exceeded 95 om oash prensivng
'Eué Fow bl yfﬁsanﬁ:aﬁﬂsideraﬁian,‘thﬁ poBal mbor of
o dd ey avad mguumubtia lurvae has boen consiiderod.

o data ah%aiﬁudAfram ﬁhi&fstﬁﬁy'&ém ﬁ&ﬂ; aed oub

o t T 3, At

3 Pablo sk and woere suclysed by the analroio of varlaned
aoshud (Swcdosor (é}ﬁj}). Because it wan Ailkoly bhat

£3

pomds oF darvac follow o Polisson disbyibusion, &4 was

PG OEORTY caryy out o square xoot brnnafornabion of e
Gubn Woefore tho ansiyvois could be calenlatods e

The mmalyoils rovenled that there wad ne aiondficnnt

Ailftorenes bobweon csunds made on the hodileo pompdGd o

the same days bud counts made on diffo: warh doyve variad
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il Plonntly in oo unpredictable moannes,  The yesson P
flyvio weriabion was not sought, but it wow putinddored dkoly
thet Sho mixiusg soebbed of ioversion o Bha difforont D025 nk
pipetben used on difforent octasions, grabeibated o thoe
vartation notede

o pandlors bo OVORG e the offects of those toshnicnl
aild dases mﬁ'iasvaa used in o sardieulae avpoiisnnt

gapn prensved on um

L4
2
b3

ae day with thé somoe plpotio ond

sevaral ohoels ﬁ@nmﬁm wore carvied out B ensurs bhiak Lhe

~

o ST et e ey f ¥t * 5 By Py Deie o F 4% g
oF lapvas poR Gboe Weres in foady bobuaon o 10 wow

aont of tho duedircd nunber. Doses of Jnrvoo wexe 3 Ghe

Be AN ﬁ‘?ﬁf%ﬁ%ﬁ.’ﬂ‘l&?‘ii i O T.tﬁ.« WORY & SRR “'NG T t‘”“‘}'ﬁnﬁ"

& worm counding fechonigque has beon - gl sl bed by Tayviow

§195h) nnd by Pordox {19b2). Othor aunlblinwg, Dur exnmplo,

Eh,
.
b2
paTt
P
o
23
&
4
v
ot
Just

Mashal {1963) aud Ltoss {1963), simply sbabe Ghni

wehmun oonnd me%%ad,waﬁ uwnods However, Sn mome of dhose

¥

EEEHS dﬁhwngt mada tn evaluate dho aetbod ow wo

phamdordios the provodazo.

A adadord vwoesoduve for tho dod wombnndion of tho boval
goma oound oo beon dotniled earlier dn Seudion X Sraee
shio progodure was adopbed as routine &% wng desizanbile o
tonpn hot many cpunts should be made fpam o @hvom voluno oL
suspondod moeberial and what accuracy soultd bo anpoetod alter

-

gpunbing o winimum nwmber of a.ample Tha small size of the
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Analvsis of

PABLE 37

Variation of the Woxm Count Daita

Eresentad in Tables 35 and 36

Square Root Transformatlion

Annlysis of Variation of the Data in Table 35

Cal% Sums of}

Mean I P 195 pex cent limits as
No.| Squares| Square “Statistic Pervcenbage of Mean W
h5ag Lsas 5 Pots.%/Pot] 1 Pobt,10/Pot
1] 24.3583] 0.3414 1,000 V.S 72 72
2] 16,7646 03725 0.1%12 | N.S. 50 50
3! 10.85608] 0,2408 2.860 NeS. . Iy 56
il 10.8885] 0.2819 1.225 MN.S. . 2k 26
sl 10,5807 0.2342 0.9506 | N.S.. 19 19
61 11:3079] 0.251h 6,782 0.01 19 15
21 6.,6811] C. 1485 1,971 NeSe . na 28
81 10,0263 0.2236 5. GG 0.01 19 26
Analysis of Varigtion of the Data in Table 36

| 9.6379] D.2142 G.697 NeSe 18w~ 18
2l 9.6L457] O.2144 0737 N.S. 47 17
31 8,316% 0.18438 0.261 | N.S. 1% 16
Ll 10,3611 00,2302 3530 Neby 26 34
5 8*?359 Qs ‘!936 3.059 N.S. 22 26
6] 12,4282 0.2763 2,396 N.S. 19 22
71 16,26981 0.3616 3.948 N.S. 26 32
81 10,5764 0.2351 3.510 N.S. 18 22
9l 26,61321 0.591% | . 9.311 0.01 32 Wl

P w Probability

N.8e = Not significant

ar = Degreods of freedom

it see Text
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(333 59 i u?&f&‘&‘hubsk

Beondrend was vwoeted, and as a resulb o Hhis Ghe botyeon
mpdens 3 vardation was alse reduced {soe Enpoeriuent iy
Pabhia 3§@

S8 was pbated eariier Ghat, LT bhe Alubribubicag d8
Pofapen, the uniicr of ohgervations ragy vipad ta glve
pobimadbon of tho woan @&ﬁut with the gome powoLRHaEgU
preedsion will dopond o the magnitude of tho moang  LeQa
o v pmall menn o leovge number of couurdd Ao oguleod.

Geosuse Shere wuae significant voawrdadion oo cumple

potn dn the exapinauion detailed above

oo of vorisnoe compoencabs wibhio and |
P Bhese 3% woeald appone that 1€ ond

By mmdis poy enliy B ocotmbs

polf wiil glve mere preuise esilmates

wn gy e gy e angs M SN, ey 4 a o) .
sonnts from o sdugle aaumple wob,

¥y

e approxinobe 95 per cent ¢ und

srnn connds Ceom bl tosd calvesn assuw
g ¢ gammde pobs and 10 counds frown 6
entoulated, aad She resnits have been

from ach of

FE

E 13 L

PO SN T ,,.. 3 . .
o i b b vty Baon

bl

sabuoon pods, aud

i 3 . . Ty P S
v R coundo oDe v
j2] N Ve s T R ! CRERIY
& REmiRLa ARG };’Lm&v
I " X 74
28 moans dlon 16
A 4 y s % e
danas ddmids Jur

B T .
3w B eouanbs From each
by 1y pikg 3 h(.." o e e s 1
¢ pomple pob hove boen
ey or Dassioel  Gow TR “ o
snuiundsd in FTablo 37.
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Sepom cheoe snlouladions, it can be apnrecinted has
she ooundlag Seobnigue detailed hovein, on the majordty of
opennilins, vill give nwn estimate withis 2 20 pow agnd af
Bhwe bouvo moan, Witk swall mean values, I{.ﬁugg;.. shopo sbhoun
by andves toasd 2 dan sho abowasal lumes: dodnj, Ghe proedasion

o eotisnting the mean ip very poor. Houwevoery #hin o mot a

woadwboatinal

a‘l
y’
22
&
_3'
i=e
o
&
i
jre]
jing
R
o
o
o

iraubaels,  beeoune wi th the small guant
gemadodoen envounterad in this investigobion, Susal connto
gff 000 nomabedes or Joss are pniikely %o o cliimieally

pigeifioand dn eelvos 3 months and oldow,
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A BHORT DESCRIPTEGN AND LESTORY OF Tys AVRBHEIRE PALRME

e following do a shore descripblon and bistoxy of
the dwo Azxyoshive favms o0 which the donmi od field gtudios

o oareded ouwes

FARM Al

@

Lodaht Madns, o dadwy Parm of soms 185 onres, guned

-uu

sy Mo, oomon Paedie, L 3ituateﬁ 1,500 Zeat above oo loveld
o mide by bhe Sonthopnsd of the toun of Hew Guamy
Ayeabhive. Thoe genceral siiuatbion and vondibion of dhe Fava
o boe doperibed o marginal and was snde woese by oeho
gosordoration of the pasiures allowed By tho provlions ouUNolbe.e
o oalf fieid, 8.0 acves in aven aud olin ated olose
s Sho honos on o rocky, parbially woeoded neldd was wsed
ongh vegy fopr voardng onlves. Two low Lyduy dopressions In
the £icld votoinad watape Tor SOmE WOCKS after heavy wvaing
£ ORI Y apring helpod to maintain sne of Shece aveas ia
g Bapey condliion. e pasture was of poow suniiby and
aamsiated mainly of woeds and natural gvasses, Deoause 5%
Abn appest, bhe #i eld was u@ld, wzndy-m et danyy bt no
ﬁhwiyn¢ shber bhan tho Hnll Hench trewﬁ and Sha sbone HLCOS.
M. Pacdie took over Laight Mains dn 1962 aund in thab
gy wiilkod 67 eousy Shoe total numbew of eabble was 106,

DOV OO plagonant noifer calves, 3 o 5 monthy ol agey
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wore puh dnte bthe fleldd veserved for hha poseilng of calves
i Moy, 1962, and by tho end of Augusit, il of thoee calves
ke

o shous siang of diszrhoea and severe pelahd Lops. Ton
saupios »f diavrbeeio faoces revealed womn ogy epunis ol
Foom 300 o B,300 Cepeis ¢ of these ounnts WOore L SHOGES

oF 1,000 Gepage Dasplio several deses of antbolminbthie:

{Mashyriding and Phonothiasine) given o tho wad of Augnsd

andg duming Septombory & wotal of 9 calvos Jdiad du tha
pordod sugust be Dovemboer 1962, Pest worbom QxawinuSions
of some of Shose saives yevealed heavy Jufostions ol

el . A2 16673 only 6 veplacement he safors vere veared.

Pposs calves woere Civad put oud to graeo dm bhe pormanei'

an i€ Flodd onm bhe i of May and thivee uesho rabow *%*3 were

notiond tv bBe lesing welgbit. Twoe calvon diod durisng bho
mond ootk aud o furdbher 2 calves dicd prioy o Augush.

Hona of Shese & calves wore available for aunbppoy. The
ey womadunding ealvoes w@wﬂ‘very severely affowied, and ono
sadd wan awxiéﬁ@ﬁ to bhe Veterinary Hoopital onwly in bug st
for posd norbon oxasiuatlon. The sevorad adminisbrations
of suiheluinthic piven $o bhis calf would oxplain the
pwawvmcm of enly a Pov buandred parasilbos. Howavowr, Hho
ahounsol loslons were very severe, the Pondie Dolds were
propply codemabous and she whole mucopnl surface bad Hho
appearance of thickened wmoroceo Leather. The pi of She
obomassl sonsents was 6,0. The sole gurvivor of tho 1903

woplavonens salves died before the end wf Ouiodbaw,
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rodder asonasoryation in the foxw of b
v dn Beth guantity and qualitys Hupp 1 anerhany

the young Calives during the gpumssy g@umimg period

: vk o ; ey 5 S e oy 3 -
wae no Lo o tasial ﬁwﬁﬁﬁéﬁ@ﬁ

ontorbapiaaic, and mowrdality, which ragged Do

A

eunt of the ropincoment calves, sceursad oy

o shart of sthe field expordmunds

crinsl somm A SR
PR OE wid BRC

FARM B
RSP 2R

M. Jomes Paton o the owner of Kaoo

aboond fasm studied during 1964. Enookemiale ds ol
oxt genbly undslantlog ceastal plain cownbey, less Shan one
Nordhegess of Symiugbon village, dyeshive. X6 is a

il
Poem 0f 165 asres, of which 20 ox so vores ar snws o

hﬁﬁiﬁw amd oot oveops oach yoar. The Golial nunber of catéle
75 of these wero sdliiiag couws.

@ ﬁazi wanaged and produsbiee oo e dal

de Bhe howd wes 149 dn 1963;

e

TR ave s g N 2 @
Wapalzandslie 38

dandey Sarute

—&ﬁv*@nrﬁag avea on this fovs goapricsed buo

M@iﬁﬁg wﬁiéh~ﬁm&@ oconsidered less productlvae foex nxh;w
wWP§m$¢5' The suallier field of 0.8 acvos was, situal ﬁﬁ.ﬁﬁﬁﬂaﬁ'l
Bl sesd ﬁwém the bousey but was well ﬁ&%g tod and produoed
& geod pye gyaﬁm ﬂ&@?@y @aﬁﬁﬁrei whick Badh boon souwe down in

23

Buae sidos by

FiGE,  Ehe ime‘ané;ﬁafiéinn, beding b &ﬂwﬁﬁm.@ﬁ

25 b o S R S F ol oy g o > . »\t."y "\-‘ # ¢t u i i
wonds . precipded dn voe for groazing by She wiiliding Reeds

b
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Wire towgoer PLeld was @ rectangular steip o8 aoves Lo S50
wlee close b9 btho bouse, buat ia the main body of the fovi.
Most of dhe latdar feld was low Lying aund poeply dealinsd
o that bhe punefd Tvom the elovated £iclds en shwee sideo
s loessd and iny sheye for some sime. Coungeuuontly, the
sanbure was of poor quality and wao Lorgoiy coappacd of
yooln. Amart fpom o Light annual top dvossing wiih oupePe
phpophate Shis field bad v remainod unboushed for dho posd
B vonvHy éﬂﬁ onel yoat nad been used For the ronring of
wmy&ag sagnk calves. Thove were no brocs bu odthbor field

-

But owae shelior was afferded by the Low Rods

aloeng most of the POHCRD o

Phe vounl pracilcs on nockendala wag B alborusnto
e 15 ow so replagonocnt calves reared muwamally, Trom the
mualioe bo Hho lawgse §ﬁuld ab ruugh!y forbaishily dutomvnls,
gepondding o Bhe azwsaﬁ.;mfi‘z:ility of grass i 'é;-f::;e oppeEsprlate
Frolde Supplomenbary foeding during thae cumasye grasning
FELEARASEs SR UIREE not wanals broised barley st about 1 k. bow
pudf poe doy was given w&@n.iﬁ nasn aan&ig&x&é o oodrcs
wews oot shadvings. Decouse ol bho yrumémﬁ@y‘ﬁf Lha loggox
Fiold o bthe honsey obhar cattle which Zneiudod enivilug
aous aad bhelfers hnd 3ﬁﬂﬂrmlﬁtent use oF $hg$ Taalds
T i1B65, @ mbg&ﬂgumena calves wore Tievat put cud He
e B 1w bhoge Piolds in May. One of Gheso calvos gied dn

June, 2 woert in Avguod aud anobher 2 in LDodobews all
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gulves showed a sradzone charactericed by sovars dianzrhosa
anid Loas of weight. A dingnosis of pPOraDLURS SRR
prboridie vap mode ot the begianing of Oobobor, fellowing

DT JO P S e peR s Iy vos B 4 e T Tl Y
o postmerben oNaminawlLon af onoe calfl, whilch lnd woaonbly

dicds 16,000 aduly Ba05 ertogi were foumd 1n i pbhomooune

Phe Powy svrviving calves were givon B odesen of Methyeidine,
1 dnve oporb, and in addition they wesa bakon Andoers avd

Pod on s diedb of hay and concenbratos. Subsaguent somplar

4.

af Paooos were seilected from these h eodvosn ab dntorvalo

L3 ey B

.l w £y o o RS2 % - TR " IET R prr " PUTGUON. SPTUPRN % 21
af abpnd sne mondie.  Diaxvhosa was not ohoorvoed dpyving ko

wigbor poviedy bho fageal woim egg coundy weze less dhawn

A
al

BOSY @eWeits nund woma froquently negative. Theoo calvas

’

sonpod paning An Soetobar and it vas net uatil tho ond of

EA% I

-~

- &
angd g

o

Jomunyy Ghey beganm o show an increase i poelsb
Gae oF She & calvos was purchased eariy in soontbey , € woolks
anbor honodng mﬁﬁ b owooks afbter the last duoss of aanthelnd istbhdic,
Tl ﬁgiﬁ had bad o aceess o grass Fow tho previons wovithle

shin galfd vovealed a tesal wory bBurdow of

B, 300 9.0 ix*%mg 0. B4 per cewm of whi mh_wmwm pronont in the
sl ?“ﬂkuﬁ an cariy Gtk stages. Thﬁ nhomasal i and
plodiiady §a ﬁ@uﬁmmﬁy vhions were wilthin fho apersal OHRESC.

My, Patoen desceribed a syndrowme, sdsiday o Bype KX

gaboss had caused the doath of L of his acives

Guedsne Sha wintor of IGO0 1=10024

b osrondd appeaw L.,aiy that on Bneshkondsio PForm all

Shwen bhooon of Doving sptertagiasis huve veosurred Iu



TABLE 138

The Nuwmbers and Distribution of the Nematode Geunera.,

Cooper

ia and Nematodirus in the Small Intestine

- of Ayvrshire Calves

FARM A
Calf Cooperia S5pp. ‘ Nematodirus Spp. Pe? cent
N°'.sx T o7 2 1 51 3| Digosi 80 1| SI 2| SI 3 |Digost Digos i
1 7,580] 1,520 80| 160 | 9,600 320 80 160 1.6
2 3,200 1,360 400 320 3,440 610 240 80 h.13
31 2,080 160 o| 300 | 1,680 80 o hoo | 14,89
L i,040 0 Q 0 3,2001 0 0 240 5,35
5 1. 9,600 320 - 160}1,920 § 6,300 640 0 L8O 12435
6 2,160 L,320 480l 966 § 2,080 560 s 160 10. 4k
7 117,800 9,760 560| 240 [35,800{15,360|4,430 1,680 2.2
g 880 0 ol o 1,840 0 0 160 5,55
9 | 2,650 nuso| 160| 80| 1,360 = 160 0 o | 1.63
CFARM B |

1 | 22,240 3,200{ 480 240 |} 3,040 80 0 0 0.81
2 180 64o ol 160 0 o} 0 0 | 12.50
5| 8,000 60| 80| =240 160 0 0 0 2,63
n | 20,120| 3,570|1,080| 720 | 2,530 960} 80 2o | 3.07
5 | 15,520| 2,140{2,000{ 320 | 4,000 160 o | 8o 1.65
6 | 16,640 720| 160 480 |  320| of . o 240 | 3.89
7 119,360{13,730]1,600| 480 | 1,280} 1,730]|1,560 640 2.77
8 |12,240] 8,160 64011,120 2,080 960 0 240 5.34
9 | 10,600| 4,k00} 560 o | 400 o 0 0 0

10 | 17,600 880] 160|2,000 l 6,240] 3,440 80 80 6.82

k3

in the mucosal digest.

Percent of bthe total intestinal worm burden present
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provious vears ahd $ha t josses fvom bebth Nypo & ond Type L1

<

gypadronn Doony Fraguently, the magni tods vauykng fron year

yansy  da 1065, B aut of U calves died ol Tyoe L d3

e DIGERISEELON OF UBMATODES TN BHE Uil FNE
OF_THE CALE

A tamdded sbudy of bthe pevcenbafn wLGOTGRY o

%
7,.’
vv»
3

diptesbusion of bthe apall intesbinal nomnwodes WRo pareded
ek on the aupopsy waterial which wag @ radinble feosn bhoe

dotatled study of naturally ocoul cpring boving patortagtasis.e

g small dntastiae of sach calf was soporaiod P D

aan woes divided inte 3 apprurimnd soby ogquald
Lowmgblis.  Bogliening ot the pylovic sphinsihor he s
aoiian wne doebollod 85 1 th@ geoond G5 23 and thoe Iosd
wephby SF . Wacl tengsh was opened ansd she sondounts woo
umshed dnbs o buckebg the contents amd Fho wan
mags wg bo B lidvosy  sub samples wewrae coliagioi. ‘Khe
mucess of eneh lengbh was then serapod aff b zwma g laver
dipegsod soparaboly with pepsius~nydrochlonie © pudd
goludisn. Sub SdMim 35 WL ﬁakeu; preserved aad counted In
Pho maaiieyr deseprdbed cspililer.

RESULES

£y _.a.r.‘.: O

T punbers of worms Drom the lumon coutsnbs and

peaiiines of sackh of the seotions have hooen gof onth An

Sabla .  Thoe numbey ¢fF womns found 4n Gho dizgoss g terlal
Lt

of eneh spedlion woas swmell so these counds bhavse boon sununad



b g [TV R A ! Had e o . s, gy o PRSI« S N,
Do sroly ealll' o digenbt bodval has besn dacludged a0

Mg Do e X 3 aa penay A o 2T e Wit nln po 5 oF g PR TR s ¥ o
Fande %8, Nemasodes of hhe genera Counurda wnd Hemabadiong

S

wars fovnd i bhe same socbion, mennely, dhe fdwsd Bhiwd of

3

13 smbestine. Io general large popuals vhians off Wornas

were Glebsibuted Sheoupbout the 3 sme“wAmzx ol hlaa gmnll

drpbontling,

e obhhe digestion procedure was gaitbad, we ho 15 gor
sl of the ioboestinsl burden was uob xmmi“ﬁ"m A Bhe botol
LOEIVE o | e pambor of wooms Tound in the Slgests was wou

volated b the foetal worm burden.
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JAERODUCTION

[ . » 5 U, S O RO E. Ty
Sho nemabode U.estoriagy DRIRHLELscs G

; T e n uy s . & E ey s : LU R, - o pn R R nsam oBn
wawdne abomasumn, 4§ uas considered Tehuvans. vL investigete

A n ]

fhe meture of bhe probable changes in abomaoad fonobione

A,

foavious reperds Bave indicatod Gl Bhe pavasdbo

Ty

o e — . ) ' i 1 B 4 o i Fow o . A
tpped aevere soyphological changes wiGhay who goagtele

PR R

wuroos ond Ghe firet capscimend 1o vhe sma eut sopiog

s

doasowibes in deiall those changes, whioh affeet all of the

v~

aneololined cocrebsbory colls.

L

Wewever, wp te thoe present bime ¢ atbothion han Bes

T

pesn Aleoeted bowards the relationship hoiycad the sbhopebure

i;

ey o b oy L ofa s B TR ceaagsan wen A% erp ot O R AR SHQ
sobdon of the parasitised mucosse FLaoms Y PRI P CR 1)

gogsonbration han, i certain cases, prarlided o Andidroeas

w

&

aspenunEnt. of ﬁsﬁ ganbyrie ae&ﬁetary fonnbisn dn e, bas it
wonkd speone Bhat adwmilar studies have not boown wndoxtalen
fa Bho vomisamb. i Liwst part of bthe apgpsadds Lo glven
GYEE Be & epnsidoration of the normal plasmni PO RO
gonconboration of Ayrshive calves.

Glmilaviy, a ¢onele wmive definitien of She pil and
i Y P

clocheelyts copuentIRELNNS of abomasal conveles UM

gninfontad calves bas not been found deswits 2n oRGenBivo

?‘

sonveh of the avallsble 1iberature. fa dho geesnd pard O

B ats - T e -2 P o, S S, b S e EN -
Siin appendix an attenpt bhas beon wmade ho doiine Ay Ledets

e i wosm Hree calves.

4 oomprohensive roview by HilL (1961} colianbos mueh
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TR PLABHA DERE LNOETN LONGE ENERATION OF ARSI GALATIG

S L

ZHERODUCTION

A e 2 et I’ . b e - al o Bp v ety ey M ot e e e W30
Poppinngen, the prafursor of bhe pesbeelyidia OXmyRG

5 o Motrs. a3 R e R . X - vy b £ Y LT,
popati, Lo producod L Hhe symegen cells of the gaooris
iR ey, Su¥EL dey menge C‘; ﬂ B (}} i'{ + 'ﬁ“;“j;"'}s P e R TETTENY

3 [ ICR (B Por I g 4 S PSP AT LRE7 - § e f.‘. .!. £ 2 .y 1 bf} LY SRR ela fady weeD R KR o

]

whows 4% Ao ascbivated to pepsin by nydroshioric agdde A

T wey e 0% ey "o =] - -1 i b el st o L. LY, SRR M. 3 4
enEt pmonnd de wermnily found in the Biond watd L gloteilhe

whed whisodsousily throughouwd bthe body Ghonues ¢

G AN s
: sl flalddse,
=k
" no IS N B o3 - . et % P S Cpte m i 2 R A
amd s Tinglily oxereted da the urine. Popeinngens purilfiod

¥ nen goma whe G e T 46 AT T T 2 N L e per Sula R g
BRI E T TR RS H A ¢ I3 oanaOonaE, R l‘ttd A1 BasL Lhs daiEe BG BH gyaned
B 5 ¥ (5

pags Ruve Doen siown o nove simdlar chamleal sonposie
Baoma, Bl mﬁ&ﬁwmg seoroebtion, charachowisdics wad auore rhLOn
EXY x

popasinogon have bDoen e V&uwed by Hiwsbhowlits Q%ﬁ%?}.

o R 2, . A ) S, S S T oeme P12
Bysr sines 1958, uvhen Mirsky anyd Bia oL lisguaes

m.-

Savherodus o odmplo digestion techadgue bu satimebe e

" . ey 2P el . b - Ay T LTt & onn e ey
sonaoebrabion ok lf.a’t ige g SOYBE O UXARE PRI RS EREE S Ak BIES o

A% wao oped that these estimabions wounld previde e ludiveat,

- i, e TR R & ey <t . oy N e - X, -~ 0
Ll aosn convenicab, ussessment of gasbrde SOereToRy

e 1 g L SR em o Ea n on v " .

Fapution. That ploows OX SOV PEPSIBOHUN W& @ gavg g
Fyepd seed o : T R LY wepwranrd TRuPry e “
aphadn hoeg beoen sbown By fraraehowits (195%) s nued Bduexds,

Fapss oud Yood (1960} both of whom found 6F
Levels ﬁm.awwumw g bodni gastrectomy il SWEG BAEESC

R DU, S, S ) S . JER %) \ - . . P wp
poduend du padlants WD partial gastzeovenn’e

sapds ot al (1969) Ffound thet popraield onbluasions

o o Switividuand wewoe widthin 10 per cont of opo aunother,
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o wolotionobip bobuean the sexrun pepsinege lovaes ondg

K
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poetiedes REOSOLOELANL chosge detemmined HUom HopvEee INRE TN R

dyy %

{spiwe and Schwhris (1958); Nolan (185%); Poliuor el

Broday {1938); Bocl, Avapakis, Witts ond Shebawds (1&633}¢

=
2,

CRpe goptin popsinogon soncentration in pobtieubs auifcring

L

e

fron pormicicus apasmia was very low, und sherefove tho
goruw peopsinogen test was likely to prove a wsoful goreoning
soot fow paticonts with severe atroplic pastribis aud gacbiric
steephy. High ex high aormal serun pepsinosgon levels lrave
bBoon aé&@@iateﬂ with seperficial gastyibtio, and affecsed
pationts show 3&&%1& or no pepsin in the gaoivic Juilca,.
Spdre and Schuarts (1958) suggested that Lho noeerebiosls of
mueons noelk cells and biwe inflammation, noted in tha
%ﬁﬁ@ﬁimmg could produce functiounal blooking o the gastyric
“@1@@&;‘&@ uauéimg'@aysim&gen to leak baclk iuowthe blood
R B A S TEYIE I

Hisbtologieal axnpination of gectiovnn Trom cpsen oF

naturnlly acquived and cxperimentalliy pyoduced infoutions
¥

of O.ousertasd bave shown that, atb times, Lapge areas of

the syoasgon cell mass ware destroyed. The dogeeo of doamage
Ho bhe symogen g@ilﬁ was not censtant und gaedaord considere
akily bobpoon sectvions feom individual cascs. TU asoess the
fonetionnd significance of this damago, 1% wos decided So
cotimate Sho concentration of plaswa popainogon. Felliowing

.,

the dnldinl debovwminations, 6e© experiment 2, 1% booano

»

glony, that bhe plasma papsinogen conconsvasion would be a
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poefnl dlaguestle and eplzootiolegical went Lor tho siudy
watuend and ouperdmenial bovine osborbamdaois.

N

spudios on Bovine plasma pepsinegor, similay o those

£

da mamy hkave not been undertaken in cobtila, s ot thoe ocusset

&

i wpan pecossary o oxmuine the variatieng which ocouy in

’g‘a

-

dirforont ganples of bovine plasma. The mobordialo and

v Ghods we wed have baen dagaeribed in Seoblon E o

R QPTINUN. oIl ROR BOVIND PLASMA PBRRIC ACTEVEEY

A bulk sample of aibumin substrate and Lovine plagnn,
awm bl potio of 10 to 25 vespecbively, wus adjussed e pil
165 with 28 hydrochlorio acid to activofe the popolintgeie
Shoen by step the pi was waised with it f@ﬂimm §y§f@xi§e and
asauplos weve tokeown atb 138 1ut0rvais of Fe% unlis Bebuoen
yas igﬁ aid pit 31;5¢ Ea&hlsample was thwen egblmpiod aceorde
i bo the e bhod af'ﬁdVﬁrdsg Jepson and Howod {195@}.

L woas ﬁe@idb& t&at the highast *avwé wf popbic
acbivity would cquai Q0 ger centd and Biro gam¢v¢ay o

3 x &

o bhaw ﬁ:*@les was nﬁprwsﬁeﬁ ﬂﬁ a percenbnge of plete Cigure.

B

Phe rasulis nbta;ﬂed fram thls procedurm faawve oot gfayhed

+

=

-« “snA‘_ - 9.
du Bige HHe

wr g o
Ll a;
L R X

clone Trom these wesulits thab Bho opbiwos Pl

a-

Por sha ﬂ@termiuatiow of plasma peptilc acbivity iics bovucen

sl noges

3

pil 1e% amd pil 2.0. ALY subsequent plogma po
detorainations wowe cariried out at a pi woading Boswedn
theue valileS.

Phe pepbic actlvisy of bovine ploosm doorenses
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wapidly as the pil of sho substrate inevsases Fiowm pi 2 o
ok, by uhich time tho activity hos decweased o about
10 pow cend of vhe optinal value. Betbwaosn o & and pil ¥

o

there Lo o siight locroase in peptic aedivdby, bug B

’t‘

q&.

imovoanss soon disappears once the pli riooes above Y

T ALPBARANILERY OF DBSTIMATION ON A HINGLY SAMPLI

R,
L2

feom a siungle sample of bovine plasma twonby ¥e wplicate
popslngon cstimobions were cavried out simuliancously., The.
moaw and otandard deviation of these ¢oiimabtions uwao Found
e e DTS ¢ PH I g 32 1 / ! hrs o oy @g‘e e By
be he 1.9 & Z.00 wg pheonol/wl/24 hrs as 37 Le  LE wuo
shondard deviations ave expressad as o povsentage of bho
momy volue, 4t can bo stated, that 9% fimos sut of 100,
the cotinmation of & slma?e asample will iio within & L% wmer

* Ay

cent of the grue me.

JHEIRNA L VAL ﬁ‘f.f (ﬂ‘ .i.,vi PLASMA PLI““'&‘-?&H&TETX‘. G4 SRNGENRRAT LGN

?ﬂﬁm'f@mi Ayrah¢wa haxfers, th&P Wuwm wi”uutcﬁ wksh
?ﬁ?é EE Lbrtmﬁxas; 3 9 tan blood sump&ms HORS %ul&e@ted,au
.aﬁﬁwnximaﬁéiy‘hnu iy lﬁbervais Lhrouphmu% ﬁhg gav&aﬂ bobueen
7 m,m.«amﬂiﬁ ?.ma : LnWLe estimation Tiom cach samyiu
peried wao cairied simnitaneously QK t%@lday ) iiﬂwiﬁﬁ the
gollocbilon of the sanples.

Pho menn, sbandaid deviation and Hhe 25 pow RTCR TR

veudidonee Liwies (a@yr&ssed as a percenbage of the (e )
Y

fowr the Pous aaimals gchudied weve respochively 178 g,1a.8h

an B,.52 pay cend 126, 3 + 10.49 aud $e3% pow CONEF
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Wb B & V50 el 9.29 por cont, and TGl & 170 amd 215 poer
conb. I5 wan be opproviated shat very 13363o vardaelo, o S -
topn shan 10 por cenb of the mean valid, socuprod throughout

KN

she dave Theoveforn 1% can be assumed Shat epblimatisns OR

*#c"

Lood sowmpicos colloctkod guriang any payd of the day
soonrasaly raefloct the gireunlating level of popsiluogan A

shio dndividunl auimal.

I Vﬁﬂ*ﬁ?i@ﬂ I PLABNA PREDS JENOGEY CONGIITERAT LGN

AMONG A DOPHLATION OR AYRSELLWE BALVES.

& siungle estdwmation of plasia popsinogsn was &f wiried
ont on o Godtal of 3% pavasite froe Ayzoliloe salves yhose mean

agevas 7O days. ZThe dororminations wome nov agareiad oub on

@)

a pingle sveasion bul woewe done at inbtowrvails osver & poyiod

g menit pd sinndard Jevxatxan Pew Shane detsyminabions

sowe Be7Y 4 2486 reppontively.



196.

PHE il AND BRUBCTROLYEI ﬁONGENTR&EIOﬁﬁ £ ADUMASAL CONERUHES

L

F& TﬁﬂﬂULllﬂN

wanditatively the ma;m sources of the aeleotnolydes

fonnd dn abonasal contents ave derived pom Blae diot and

tho fiigeobive seoretionse

foncen, Goding, Mehonald, Sabine and et (1961},
and Bedls, Dondon and Goding (1964} have shousn shat ia vgc-
variations dn the concontrations of soaddun, pobassius ond
ohleside dong deo occur in tho pastures ayvoailuble Lo
cuminanbs, I goneral, $heo sodivm don vonconbration of
posturs docreases with increasing distawve fyom Ghe sea.

By dox the groatesd coptribution Hu the sodiun Censcu-

,..

- 5

r THE
ﬁwc*m@w roblowlorumen cenbkents is wmado BY e ondivary

o

ceoroebions; which have a high sodium conbons polative su

=

oubor dlons, and which are %ecvetad in eensidovable guontlties,
6 o 16 litvos pew day in sheop (BDedlibawn and Loy {1063))s

ot to 190 1idves por day in aduli ceus {Badiey (1861)).
Hovavor, obthor fons, samoly potassium nnd ghioridoy azgo

PG GG dp amplo guantidics in pasture,

T o sbudy uf pmasal funct£§ﬁ. yraon
{1861} vhoewved thab paxs of the fiuvid fonving thoe poebioulum
aussod direotly imbo aboemasum and anoebies part was wesined
fn the ooansum.  The pil and chiorida c@mgbmﬁrm%iﬁms a8 ounoal

Liguid wors bighew than these of reticulomunined £luid bus

abo corben dlonide, soedidon putassium peadd anpgonla
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coneanivs biong wern Lewer (Mason and Priliipsya (1852} and
Gyaaet and Bovelmoewd {§9é?) The guapniliy of wabow gt
oloctrolyien abserbed by the smasunr dapendaed o Hhe suilubo
senventration din the wot sioulovmineiny 8 Grenio aboosepbion

sook piace ab highew concentrabiong thon ab lowsr OBGD. Fhe

sunfion of digesta rom the onasum appos@p o RO gonbinupns
suvonshous the 2 bouws periode

e o et bhe abomasal conbents 1w vouclly botwoon

2 i 21 p : Y weeed den - P L 5 o\ B
oG oand B.0 ¢ waills and at those wvaluos apmdd bions nve
opbiunl For pepslnugen activation and popwle sidgoabion,

ot

RS Vuea {1057} end DERL (1961). Acconding o Ash {1959)

Y -

rorabion of godium aad chloridoe ifona Incronsnaed oand

2

,.-'
pot
by
"
&
ﬂ
.g::-
"\«

Hhooe of oy baasimg and enlcoium decreas y whoen bdhe
0 Bhe ebomuasal gssoredlion vas increased. Honever, Lhoso
Sanses Pere found Go bo independent of pooEOGEHRY B .
WO wi ADNSY I;?L f“sezmm'm! CONCRNTRARTONSG OF ANOMASAR,
CONTTWRS TROM ﬂmmr& Q.ﬁ‘iﬁﬁéﬁ;‘;‘%

" P

Hinee bhe ﬁ@fmai wil values nnﬂ glopdyrelyse ooreanes
pwatiens of nbomasal cenbtents from noneprpasiiised salves
has nes Look fnmﬁﬁ dm bhe available 1im¢wutm®$ doteraingtlions
wows carwled wuﬁ>$s define the nommal Limide of theqo
waxnm@i@“é i boviwes loss than 18 months of agoe. Thease
anlmals pelginated from o wide avea of sonthienent Scoblond
anel gould have experd cncad varying reglunns oI ORI OmED
hobore goelng Yor siloughier at the Glangow Gorperaiion

a,

{i. ".. 41. R 5



TABLE 39

The nil and Blectrolyte Concentration o

f’Abamasal Contents

fyom Normal Calves

Mean Valiug and Standardg Deviation

Andmal Noeol | pH Na® i X3
pouree gampies | univs’ meq/3 | weg/1 | meq/l
Glasgow 20 - - 2478 90,6 153 116
Ababboirs +0.56 + 6.7 4 28 4 5.5
Expevimental R 2.30| 51.0 2540 127
Galf 1 (nouriy) 0.2 | & 5.0 | & 140 b Ge0
f
Bxperinental 15 P 2,501 5540 25,4 128
Cals® 1 (dadiy) | 20.4 | £ 6.0 | & 36 + 6.0
Experimental 13 2.40] 57.0 2249 128
SER B (daily) | 0.3 | 2 7.0 | 2 B3 4 6.0

meg/l = milli equivalents por 1litra.
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Seomples ef nhonaseal cebents were golicotod wiihin

40 minutes afbery slavpghior and wore prepived fand ssbiuabed

sesprding te the procodurs sedt doun in Soablon L

BESULTS

Gnly samples fxon abomasa which showed me Eaeroscopic

1eatons wove ilwncluded In the final 20 determineblons, Bho

menn and shiandard deviation of which awe ghown dn Toble 9.

A

R A m@ﬁiﬁigmg ench of two Lemoniblh ad Aveahidve calvad,
eivdeh had been yeared gorasite free, wewe apprgleally
propsred vith o simple cbomasal canuules Tae woolks altow
Bhae sposradiong ab which time both calves appeared henlthy,
o sories ol h@mﬁiy snd guily collectioms ol ghonasal
conbents vas made. Deborminations of wii; oudive, pobessium

Iy

@ﬁﬁ-ﬁﬁiﬁﬁi@@ fon coneontrations wore powpied suwd spd the
roniide Bave been sneinded in Table 39.

The vesulls were found o be gipiiar e thoso
obbained fn sheep by Ash {(1959)

e values appoar te be TaiaﬁiV33y~ﬁﬁ@$$&ﬁ@g with
Listisn ﬁﬁmﬁmai ﬁr'ﬂ#i&y»vériatian; in zory one enbi madine
seined on o fdxed diet, The most likely ecouse of the high@r‘
values Fer sodiun conconbtration of tho shbatboly somples,

eompared with those from the experimental slvtid Liesn in

fhe netorse of the died fod to each grove. The expevimonbtal

eoivas wore maintained, almost wholly, on a diadv o noeadoen Bay..
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B vaines 58

+5 out din Table 39 woewa gungidaered o
worssl valoes £op healbhy parasite froe gatble wder

g g ooy
EFE QU S

W

18 monthe oud were used as a bouss Sor comparlaon
il welues devived fvom cases of bovime oo boTEas
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