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PREFACLE.,

This thesis describes the development, from the early
1abcrat0rywﬁeﬁt gtage to the point of wide secale appiica%ion
in the \¢01d, of the firet vaccine to be used egainst a parasitic

helminth. The parveasite is Dicbyocsulus viviparus,the cause of

bovine parasitic bronchitis, and the vaccinating process involves
the upe of infective 1@rvac, pa“tlally Lndct;vqted by exposure

to ¥—irvradiation.

The thesis also describes in detail the fate in the bovine
of the attenuated larvee, and describes the host reaction Yo thenm.
The gequence of patholégical events in immune animals subjected to
challénge with normal infective lérvae igs given. Due to the
similari@y of these reaetiohs to those which occur when normal
l&rvaa of th;a paragxte are arreﬁteﬁ in the lungﬁ hy use of
diethylcarquazine, an exper;mont is lneluded in which this drug
wag used in both the prepatent and p&tent ptoges of parasitic

bronchitis.

This is Tollowed by a descripbion of experiments in which

tha same technlque of dimmunisation uaﬁ applied o Haemcnchur

contortug in sheep. This par&s;te, in contra t t0 Da vjVLnavus,
has a nininal migratory Pycle in the host, but a potentially

usaful jmmunlty was neverthalosa ellclted.

The work is presented in‘fourlpartﬁg with technical,
.}biblieg:aphical and tabuiar éppendicea.

Part I eontainé a general introduction to parasi%ic immanity,
preoeaded by a brief indication of Lhe global imporiance of

-paragitic. diseage in boih animalﬁ‘and man.



This is followed by a more specific descrlpblcn OX s

(2) previous attempts by other workers to vaccinate
against helminth diseages; |

(b) the background of work behind the original idea
of vaccination, including ather.nethods of
inducing active and passive immmaiby.

Part I ends with a review of the previous applicaivion of
X=irradiation to helminthe by other workers.

Part II is introduced by .a small experiment designed to
test the longevity of both first and third stage lavvae of

De_viviparug under o wide range of laboratory conditions. A

ShOfb morphological decc*&ptlen of th@ parasite is included.
Then Ffollow the four experiments which form the bulk of this

section. These were designed to test the efficacy of the.

D vivgparus‘vaccine in vayrious combinétiong of dome against

a challenge spectrﬁm ranging Lrom an arti ricial and retatlvely
iarge single dose oi fully virulent lervae to a completely
“maturel farm pasbture challenge. Ai%dgethef, approximately 1,250

calves were involved 1n these expewlments.

Port 111 is mainly concerned with histo-pathological and
quaﬁtiﬁative asses sments as ie the distribution and faote of
;xr@diated larvae in the normal host and of ncrmal iarva@Ain'the
Lmmune host. This work was done to atudy the mode of actlon of,
and the host's reaction to, thé~vaecinejag&inat D, viviparug in

H
calves. Lt was known that a dose of irradiated lavvee did not

produce a population of sdult worms in th@ bronchi,Aand this

experiment showed where the larvae were ceasing to develop.



Vi,
The pathological basis of thé traﬁsieﬁt elinical wigns
épmetimeg éeen‘after'vacciuétion is deseribed, as well ap
the correlation of lesions and clinical-signm obsafvea in the
immune snimal under heavy challenge. The last experiment in
 this part is a higto-pathological study of the yulmonary
lesiong produced bj treating.calveﬁ,“in-the prepatent or
- patent stage of parasitic bronéhitis, with diethylcarbanazine.
This drug has the effect of killing or severely inaetivabing |
the parasite, énd the host's reaction to the drugmdisabled
worm is intéreﬁtinglyvsimilar to the re&ctiom&'mf’the'normal& |
-¢alf iung to irradiated larvae and of the»immunenéaif'lung to
normal larvae. The lesions in thé'calves treated ot patency
were correlated with the clinical signs sometimes seen follouing

such treatment.

Part IV. The pravioﬁs é9cﬁigns dealt with thé suceensinl
application of the larval irradiation. ﬁechnique'ﬁo a paragliie
with an extensive gystemic migratéry cyete. It was thought *
that this method might be l&éﬁ effective in paraéites which
“undergo only o limited histotrOphie th&e - éughfas some of
the gagtro-intestinal nematodes. The experiments in this section
were performed to Tind if résiétanaé‘of sheep‘ﬁdsgggggggggg

[

contortus could be induced.

5 The experiments described were done'hy one @@am‘éf.ﬁgrkers.
I carried out the parasitological dtechniques invélved,‘aupervi&ed
the general running of the axp@rimehtﬂ and undertook the irradistion
of laxrvae. I co-operated with Dr. Jafre%ﬁ in the pathological -

aspects of the work.
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GENERAL INTRODUCTION.

Before consldering the general field of immunity to
parasites it ds woiﬁh gtating some faects about parasitic
disease ag a whole, in ordewx to outline the problem. It
ie now widely accepted that by A.D. 2,000 the world's human
population will have doubled. It is also accepted that
the gresater proportion of both humans and snimsls in less
developed countries, suffera Lrom hunger and malnubtrition.
In particular, the human con&umptien of livegtock and 1live-
gtock products ie extremely low, thus the bendency lg for
the food consumed to be qualitatively poor as well as lower

in gquantity.

In 1947, Stoll published a table listing the incidence
of human infection of the 2% major human parasites in the

eight nain geographical divisions of the world.

He catimated that over 1,000 million people were infected
with either (or both) Ascaris lumbricoides ox hookwori Spp.,
two of the most prevaelent nematode psrasites of wman. HMowe
recently (1957) he considered that, with minor excepbions,

parvasitic worms are as nINErous as ever.
The pwroblem of pearasitism in the huwman is one mainly of

under~developed countries, but the initial steps towards a

higher Living standard in the form of irwvigation projects
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may lead to a wordanlng of the sltuation as dia happo

in the Aswan provxnce of Lgypt, the Belélan Congo and

in Southern Rhodesia. In.these areas the incidence of

Bilharziasis rose to between 10 and 40 times the previous

levels after the establishment or extension of such irri-
sation scﬁemés: thié waé due to the vast increase iﬁ the

numbers of water snails which are the relevant inuermediate

‘ osts. Wright (19)1) and Vogel (1998) also give heavy |

emphasis to parasitmsm as a. world problem.

Similarly, on the veterinary(side, advances in agravian
techniques, leading to greatly increased concentrations of |
stock'on'paatures, have facilitated the spread of‘parasitism,
~thug redueing production of milk; meat and wool and causiﬁg
gerious Tinancial loss; in Ameriea'this'haé been estimated
at § 227 million per annum and although the present outhor
has not seen a similar estimate for this country Spedding
(1956) indicates that it is 'substantisl'. He has shown
(1957 a,b) that what ave considered:as sub-clinical helminth
“burdens in sheep may he rebyonsible for up to B0% reduction
~in  liveweight gain, with further deleterious effects present
l'in-thé lambs of parasitiséd, as opposed to normal, ewes. One
- cannot but be impressed by the statement of aceoﬁﬁm-of parasit-
‘ic helminth. diseases in the Animal Health‘Yearbook}of FaleO,

" (1958). . In almost all countries of the world gastro-intestinal
nematodiagis, intestinal taeﬁiasis, fascioliﬁsiw and paraaitipa |

bronchitis are stated to be 'wide-spread throughout the country'.
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Medical Science is sometimes accused of being blinded
by eelf wmotivation in that it ecnﬁtanﬁiy attenpte to lowex
infent moftality and~fo increaseAlongevity in underudeﬁeloped ’
" areas, without consiéering the éltered nutritional. requiremeﬁiﬁ
~of such éommunifias. 'ﬁuman paraSiticrﬁisease is perhaps unique
in that "«f;a:if‘_:f‘:!.c.:i.’en*t;.t gérasités tend. to have a relatively high
morbidity but a'low§m§rtality rate; their hosts are far less
capable df WOrk,althoﬁgh they'requirg the same ‘amovnt of food -
 «or possibly more, dué*ﬁo ﬂelecfive réquiremeﬁta on the part of

the parasite.

It is thus evident that elimination of human end animel
paraéi%ism would nétAmerely shift a pfoblem from one branch
of secience to snother but would be a valid contribution to

world heélth.
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SPECIFIC INTRODUCTION

Pai&éitic Kmmnnify

Helwminth parasites, because of their visibility to
the naked @ye,“were the earliest pathogenic agents of man
and animals to be recognised. Yot little attention has
been paid, until cbmpaiatively recently, and with the excepi~
ion of some individual ‘scientists, to the practical agpects

of &ho;r ellmination by immunolog 10&1 methods.

Partly, this has been due to the concentration of effort
among parasitologists on morpholb@y,itaxonomy.and-life cyclee
with combaratively litfle emphasis bn either the pathogenesis -
or immunclogy of the relatively.few species of mediecal or

veterinary importance.

- Imsunisation in pratdﬁoan pafasitology apparently began
in ancient times in the middle Rast. Thére; it was the
practic@ to immunise phlldxen again&t Leishmania tropica by
rubbing onto the wscarified skin in an unexyosed part of the
“body the exudate from an active.sore Qf an infected person.

Watural immuaity in tﬁe field of veterinary protozoology
was observed in 1893 by Smith and Kelbourne, who Ffound that

cattle recovering from Texas Fever, caused by “gbegia bigemina,

were resistant to further attack.

The first recorded instance of- experimentally acquired

‘imﬁunity to a helminth parasite is by Fujinama (1916).
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He provided evidence, concluding with post mortems, that

the horse could acquire immunity to Schistogoms japonicum.

That more and more workers are turning thelr attention
t0 parasitic immuolby is confirmed by the fact that seven
revieve have appeared in the last 5 years (Stoll 1958;
Soulsby 1957, 1958 1960, 1961; Stewart 1960; Urquhart,Jarvett
& Mulligan 1962), whereas the provious 30 yoars produced only
three (Taliaferro 1929, 1948; Culbertson 1941). These reviecws

give the general situantion to date amd are not summarised here.,

D, vivipasrus ie the parasite for which a vaccine
utilising Z~roy inactivated larvae wag developed at Glasgow.
: Before describing the gtages leading bo that development it
is worth degeribing the life cycle of the pevasite and the
pathogenesis of its associated disease, pérasitic bronchitis,

or 'husk's The life ¢ ycle of D, wviviparus is comparabively

gimple in that no intermediate host is involved and it is

begt illustrated diagramatically.

A&ﬁlt paraﬂitea in bronchi

. R < k .
break out of capillaries : produce lavrvae which are
in alveolar wall and mi~ coughed up and swallowed
- gvate up bronchial tree
reach pulmonaxy capillaries pass, as Tirst stage larvse,
via c¢irculation in the faecceg onto the grass

where they complete develop-
ment to infeective third stage
larvae in approximately elght

daqﬁ
ehter a villar vein or ‘ are ingested by grazing
posoibly a lymphatic calf

penetbrate intestinal mucosdt ———— pasgs to intestine exsheathing
on the way



G

?he‘definitive site of the adult parasite is in
the main and segmental bronchi and the pathogenic effects
are confined to the lungs. mhés@ effects are complex and it

ig useful at this point +o conﬁider in moderate detail the

‘disease process. This is relevant for two reasonsse

1) To provide a point of reference for the detailed

descripbion of the mode of action of, and host reaction to

 ﬁthefvacciﬁe, which follows in part 11X

2) To illustrate the fact that once calves are showing

¢linical signs of pé?asitié bfonchitis§_it is usually too late

to institute effecti#e treatmént. _This underlines the obvious

advantagevthat'exists ih preventing thié frequently fatal diseasc.
. As described befofé, (Jarrett, Jemnings, MceIntyre,

Mﬁlligan, Sharp and Urquhart'iQGO) the'uncomplicaté@ disease

divides itself quite readily into four stages:~-

1) Penetration by the larvae through the intestinsl

nmucosa and their ﬁﬁbSunént migration to the lunge.
This phese is completed within days one to seven.

2) ﬁrepatentfstage. This oceupies days seven to 25 and -
is the period-during which the parasite is migrating
within the lung to its definitive site.

3) Patent stage. Thie, by definition, is the time from
the 25th to the 55h day, approximetely, when the worms

are mature and producing larvae,

'4) Post-patent stage. The final period, from the 55th to

the TOth day, at the end of the disease vhen there may

- be a Fflare-up of severe pulmonary symptons.
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1e The penctration phege is of comparatively Litsle

elinical o pa%hmlégical imporianes In the fully suge
ceptible host. The mech&niﬁmiﬂf penetration would no
doubt be of conpiderable loterest end the probable
imyartdneé of this site ih ﬁh@jiMQﬁn& aﬁimal'is intrlguing.
Houever, when one céﬂ&idwgm the enormous mass of the
tintestinall. fract of & calf compared Yo ns nany as o
'milliam'larvae, one can aypréeia%@ the dif@icultien of

S Finding even Qn@_lﬂﬁiﬂn:iﬁ pundreds of sections. The

- experinental Qg@ﬁ/imﬁarﬁane@ of #@anlt ravic is Loo high
o giv& thls aspechd énﬁ,ﬁriarity élthough it wouwld be

a3

satlefying to elucidate.

Ze Fhe Dre

P e R e

atont Bhoge iy very dmporisnt olinically. The.
main waderlying leéian is block&ge of smell bronchi am&l
hraﬁﬁhiﬁies by the eéﬂineyhil,exmﬁaté proau&eﬁ in response

o the smoll developing larvae mi@r&timﬁ up the bronchi, It
is important to realise the difference belween this lesion
and the pneunonia produced later by aduli worng. - The blocked
brmnéhi are not ﬁarmam&ntly damaged bubt the obeiruction to eir
‘paseing in, results in collapse of the alveoli distal to +he
black§~aﬁ'ﬁha‘air in ‘these plveell iz obsorbed into the blood
and as ﬁ@ moxe taken ite place, the alveoll collepse snd are
10@%‘@5 f&nctianing unito. If the blockane is romoved, thege

alveoli con return quidkly to normal function.
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The clinical picture depends on the slze of ithe
Infecting dose asg -this determines the extent of bronchial
Involvement and the speed of develépm@nt Qf the severely
ill case. In heavy infections, there ig often a dramatic
change in %he elinical signs towards the end of the second
weely in the course of Touwr or five days the respiratory
rete doubles, reaching 70-80 per minute and coughing becomes
marked. Towards the end of the third week, as the prinery
- bronchigl lesions regress, there is often a noticeable
deceleration in the progress of the discase, although the

animngle are otill 111 and dsterioration in condition continues,

In the third veek, death may occur in heavily infeclied
animals; this is usually associated with the development of

acute complications. (see below - complications).

I an eanimal is autopgied in the prepatent’phase, WOXIIE
may not be seeni in the later phase they are visible, but
microgcopic examination by direct smear of bronchial mucus is
necessary if they arve to be found during the second and early
third weeks. Many acute pneumonias are not diagnosed as husk

becavse of thisg fact.

5. The Patent Those is assoclated with the presence of adults

in the bronchi, and while thepe caugse much exudation into, and
blocking of, alr pasaag@s,,a great denl of the clinical effect
ié coused by the primary parasitic pneumonia in which macro-
phages and giant cells engulfing saplrated eggs and newly
hatehed larvae, congolidate the lung lobules. In most casen
it is this pneuwmonia and not secondary becterial complications

which oroduces the typical picture at aubopsy.
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The regplratory rate may become faster than the pulse
rate, viging bto ovexr 100 per minute, coughihg becomes more
ITrequent, appetite is lost and growih ceasges. On susculi-
ation harsh bronchial breathing is evident and this may be
aug&ented by emphysematous crackling or fluid sounds as

complications supervene in gerious cases. Dehydration nay

“become very marked. During this period many animals die;

in the gsurvivors there is a slow regression of symptoms after

the fifth week.

During this central stage of the disease the adult worms
are laying eggs which hatch in the lungs or intestine and may
be detected in faeces as larvae. Counts usually range from
100 to 500 per gram but higher levels are not infreguent. At
auntopsy the adult worns are eaglly seen in the traches and
bronchi and range in number from & few hundred to several

thousand. .

4o The Postpatent Phase. In thie phase the majority of animals
gradually recovery the respiratory rate steadily decreases,
coughing lessens and weight increase is resuned. Complete

recovery, howvever, is apparvent only after a lapse of geveral

months.,

In epproximately & quarier of those animals which were
severcly affected earlier the postpabtent phase is different
from the above and is cheracterised by a sudden exacerbation

of dyspnoea, duving the geventh or eighth weeks, which is

often Tatal.
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This is caused by the spread of a lesion the aeltiology of
wﬁiah ig not known at bresemt. During the patent phame, many
alveoli show a swelling and proliferation of their epithelium
so thet instead of a thin membrane, easily permeable to gases,
a thickened gland-like wall develops. In the postpatent phase,
this alveolar epithelialisation spreads to involve whole lobes.
.Thiﬁ proliferative pneunonia has seridus clinical counseguences
and by the time it has become widespread, all, or almost all,
of the worms have been shed fwom the lungs,'sa the findinge

at autopsy ave not thoge associated with pafent parasitic
bronehitis.; At post wmoxtem onme Ffinds lerge aress of wed ov
pink rﬁbbery lung which are not friable and consolidated, end

which én palpation still show some crepitance.

REINFECTION PHENOMENA

A gection of Part I1I is devoted to the experimental
elucidation of the lung reaction to reinfection, but for

completenegs an anticipatory paragraph is given here.

Animels vhich have become immune to D. ﬁivigarus ney
show symptoms after reinfeéﬁion; the nagnitude of thege
variea with the numbers of larvae lngested. VWhen these larvae
penetrate into the hody, a number may weach the lungs and be
killed in small bronchioles; these dead larvae cause quite
a marked reaction and if there are many of them, an obvious

and sometimes even TFTatal clinical condition resulis.
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The dend lorwae couse o prolideration of epitheldwn and

the developnent of Tibrons and lympbheid nodunles avound

he alr pessoges.  Upusllys howsver, only alld conghing

ig epused, the lesion vooelves quickly opd the animal
reborag o normal in o ghord tine. This prosess zarsz;v*' bhe
poen vhon vaceinotod aninels ave Tiprgt exposed fo beavy
infeetion. It is alse freguently soen in outbroaks in aduld
eatvle whers, praagunmbly, lommity hes woped ond o nodervstely
large avnbor of larvee reach the lungs beforve heing‘killﬂﬁ.
This oy produce thoe svodden onsot of sovere and pervsichtent
counshing in s vhole berd of adulis with o numbay ﬁh@ﬁiﬁg
gigna of gevove puounonle. Hotarally lorvee ave not Tound
in the Yaeeoes of thege coses, slthough all of thoe other

elinicel signs of husk may bhe prosent.

COMPLICATIONS,

These may be cleapiflod asie
) ocourring during the couvge of the discopes

(1) Puimwonary codona.
- {2) Imphyseni.

(3) Secondary bhacberisl
infection

b)) ocourring o8 soqueloot
(1) Bronchiechenig,

{(2) imenawy Tibrosils.

Sulmonaxvy Cedomn. Thie s one of the post gerious cowplications

snd e the Treguent cange of sudden clinienl doteylioration; the

onset of heart failure in o dyspuoeic sulnal is the maln couge.
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The alveoli become filled with transuded fluid and thig,
together with the laying down of protein-containing thyaline
nembranes' on the alveolar wallg, causes a gerious diminution
in the already reduced gas-exchonging area of the lungs.

This augments the parasitic pnewnonia and leads to further

anNeXia.

1

These changes are accompanied by a mavrked decreage in
the velume or strength of the arterial pulse. Only occasion-

ally is it possible to detect fluid réles on aunscultation.

Tmphysena., This frequent complication is usually of the
interstitial type. The lobules of the bovine lung arve
geparated by loose Librous tissue and sir may enber this
from ruptured bronchioles. The siv travels along the septa
and mey increase in volume to Fform large bullae. The lung

is then incapable of proper contraction and respiratory

distress becomes more maviced.

The advent of emphysema is readily recognised clinically
by the digtinet and widespread crackling sounds heard on
auscultation. Infrequently the emphysema may extend via
-the-thora@ic inlet to the subcutaneous tissues over the

thorax and abdomen.

Secondary Bacterisl Infechion. This is less common than is

genervally supposed although 1t is frequent enough to juétify
the use of antibiotid& in severe husk cases. The green pus
often seen in the lungs of parasitic bronchitis cases is

compoged of eosinophil leukocytes exuded in response to the

parasites and not to bacteria.
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However, acute interstitial pneunonia may be superimposed
and the occurrence of thig complication may be suspected
when ﬁoderately tachypnoeic cases suddenly become anorexic
and very dull. Recumbency snd death mey ensue within 48
houre.

Bronchiectasis

After some husk infections, the bronchi of o lobe fail
t0 clear themselves of exudates and these become the nidus
of low grade chronic bacterial infections. Slowly the
bronchi dilate and the lobules collapse until the lobe
béeemes transformed into several tubes of viscid pus. This
is a common cause of'the pooirly thriving stunted animal with

a persistent cough, and economic therapy is not possible,

Pulmonary fibrosis

This may remain after an infection in the intra- or
peribronchial sites or in the septa, but while it may give
rise to 2 mild chronic ¢ough, it is not generally of much

“clinical signifilcance.

Fromn thia brief account it is apparent that the disease
procegges iniﬁiated by D vivipsrus arc complex; furtheriore
in one group of calvea the various phasges of the disease nay
be encountered simultancously in different animals. In general,
however, the appearance and severity of elinical signs are
determined by the numbers of larvae ingested and the imnune

sbtatus of the host.
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The intake of larvae is very difficult to control
effectively by grazing techniques and the golubion to the
problemn of paraesitic bronchitis depends on vaccination or

gspecific therapy.

Between 1952 and 1954 a group of workers (Jarrett,
Jenmings, MeIntyre, Mulligan snd Urquhart) commenced an
invesbigation into parasitic bronchitis. An early factor
was the necessity of differentiating clinical pavasitic
bronchitis from another calf proliferative pneumonie
characterised by an expanding peribronchial lymphoid hyper=

piaﬁia and which was not caused by the lungworm, although

it often complicated a husk pnewnonia.

In 1954 the group published a number of basic facts

. concerning parasitic bronchliis, vig:

- 1) Age and seagonal incidence Pigures from both o
knacker-yard and a farm survey;
2) ZEpidemiology including longevity of larvae on
pasture, infection build-up and the couwrse of the
disgease on a herd basis;
%) The correlation of sympioms and‘faecal Jaxrval
countas |
4) A pa$hoiegical degeription of gome of the main
pulnonary lesions such as alveolar epithelislisation
and hysline membrane formation following pulmonary

cedens and leading to cardiac anoxis and heart failluve.
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This wag followed by & more detailled investigation
of the epidemiclogy with special refevence to the over-
wintering of larvee on pasture (Jarvett, Meintyre, Urquhart
end Bell, 1955a) end a further more exlensive knacker=yard
survey also aimed at elarifying the method of survival of
the paragite over the winter (Cunningham, Jarvett, Melntjre
and Urquhart 1956). The descriptive pathologieal survey
vas later followed by a detailed study of the pathogenesis
following expefimenﬁal infection with meoderate snd high
larval doses and serial killing of calves (Jarrett, MeIntyre -
and Urqubart 1957). This work reproduced all the lesions
geen in the naturally occcurring disease and explained many

hitherto pusmzling features.

it was at this time becoming rapidly apparent to these
vorkers that the traditional methods of atteck on parasitic
disease, wiz; prevention, by removing access to infective
larvae, and medlicinal treatument of established infections
vere of little practical use; control of the dipease on the
farm by husbandry methods was either prohibitively expensive
or impractical or both. In spite of the claims to efficacy
of the many remedies then current, no drugs produced at
this period had been proved to have any effect on the
egtablighment of infection.

‘There was evidence that a strong immunity could be
acquived under field conditiouns (Wetzel 19483 @ayiar 1951

Jarrett, MeIntyre and Urquhart, 1954) although little work
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had been done on experimental animals to explore the

navure of this vesistance nor had it been guantitated
FE— ] z EY RN s \"r‘\ . IO - e

in any way, UTwo expeviments were set up in order to
investigate thie point (Jarvets, Jevnings, Melatyre,
imlligan, Thomes & Urquhert 1959), Iu the Tirst, 10
calves veceived a total of 20,000 infective larvae each,
in three doges of increaging magnitudé; at dntevvalg of
over five months. Although the calves weve killed at a
time which would otherwise have been the helght of
patency of +the third infection, seven of whem showed no
lung~uorms at autopsy: A second experiment on similew
lines, al%hough with a different dosiﬁg‘regime,‘canfirmed
that an infection with Do viviperus confers a high degree

of iwmmunlty to subsequent peinfections

A cowollary off these findings was to abitempt passive
inmunieatsion (Jarrett, Jennings, Helntyre, Mulligan &
Urquhary; 1955). Serun wag obtained from recovered field
cages. which had been subjected to experimenial reinfection
in ovder to bhoost the antibody titress Seven of 14 parasite-
free calves vwere given a total of 1,500 mly of %theé Lnumune
globulin preparation intra-peritoneally and then challenged
with 4,000 infective lavvaes The-maximum.daily meavs
vegpiratory rate of the immunised group was 55 per minute
as against 85 in the conitrols and the fovmer had a group
Jungwornn burden less than 5% of that of the controls = 374

a8 againet T786.



i7.

The sabove flndings suggested that it might be
possible to protect animals ageinst pavasitic brouchitis
by meens of active lmmunisation other than natural or
@xperimenﬁai infection. An experiment was performed
(Jarvett, Jennings, MeIntyre, Mulligan and Urguhart
1960a) in which a total of 62 calves veceived one or

two doses of a freege-dried preparation of Ds viviperus

worng collected from the bronchi of infected calves. Thig
adjuvanted whole-worm antligen was injected inﬁfémuseularlyc
A Turther 50 non-immunised calves served as controls.
Viewed as a vacciﬂating procedure the results were
gquantitatively disappointing although two vVacainated

greﬁps of 11 calveg each shbwed a gbtatigtically signifi-
cant 50% re&uction in 'bake's Qualitatively, however, the
pulmonery lesions in the immuniged groups were both
different and interesting; the series of leslons found
showed an exagerated respounse to the pavasites on the

part of the host, associated with marked ecosinophil
infiltration and glant-cell phagoeytosig. The main
conclusions from the experiments with whole worn vacciﬁ@
immanisation were that as a nmethod of protection it seemed
to be of little practical value. This was due partly to
its comparatively low efficacy and partly to the diffliculty
of obtaining adequate nuwmbers of advlt lungworms to produce

a vaccine on a wideyr scale.
It was veallsed that the problem of producing immvnity

-Wauld probably best be solved by gelting actively meta-

boliging but insctivated worms into macromolecular contact
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with the immune apparatus of the calves. Ionising
radiations from an X~ray source were drosen for the
attenpted insctivation and before detailing this aspect
of the work it is pertinent té digress.on to the general

subject of parasites and lonising radiation.

Ag applied to the field of parasitology lonising -
vadiation from an X-ray, cobalt-60, or radium gource has
been used in three main wayss—

1) To render potential butcher meat perasitically
sterile Tfor human consumption.

2) To study the biological effects resulting from
irradiation.
(2) vhether radio-vesistent straing could be
produced, -
(b) vhether recovery from irradiation effects
could he induced,
{¢) whether stability of morphological characters
| could be assessed by studying type~frequency
oi mutations produced.
{d) whether any constent morphological effect ig
produced.’

3) To produce active immunity and to separate different
factors in the immune response.

Fach of these will now be considered briefly.

1) Sserilisstion of Weat.

in 1916 Tyzzer and Hownei] discovered that X-rays had a

deleterious effect on Zrichinells gpivalip larvae and since

then mueh work has been done on this aspect of twichinosis,

although it was not uwntil 19%L that the thread was plcked
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up by Alicata, who performed a serieg of experiments.

On the subject of meat sterilisation he concluded that,
although X~irvradiation in sufficient gquantity was éffeetive
and dependable in destroying itrichinae in the meat, the
procedure was of limited practical value due to the high
doses (500,000 roentgens) required and to the diffiocuwliy
of lavge scale irradiation. However, Gould, Van Dyke

and Gomberg (195% ), irradiating'ﬁriehinous'pork in slices
leas than two centimetres thick, found 25,000 roentgens to
be effective and saw promise in commercial application of
the method. Gowld and Gomberg (195%) also noted that
larvee encysted in meat were more resigtant than those

in vitro.

Gould, Gowberg and Bethell (1953%), using chemical
dosimeters embedded in twlchinous pork, obtained accurate
dose measurements and tested the efficacy of their various
radiation levels by feeding 5,000 lavvee from irradiated
meat to rats compared with 5,000 normal larvae to the controlse.
12,000 roentgens from a cobali-60 source allowed some females
still to develop but all wevre completely sterile. MNagath and
Thompson (1955), discussing the effects of T, gpivelis
irradiation on immmity from the public health aspect,
considered that pork irradistion would wreduce the acquisition
of immunity in the consumers and increase the clianical

manifestations if they contracted the disease elgevwhere.



20.

cdeal ffects.

2) Radio-resistont straing. Gould, Gomberg, Bethell,
Villella and Hertz (195%), in.their series.of:papers on various
agpects of gé,sgirélgg; considered the chance of such strains
arising, bearing in mind the possible mutagenic effects of

ionlsing radiations. However, progeny produced from T.spirvalis

Jarvae irrsdliated at the sublethal and reproduvetive-permissive
dose of 10,000 roentgens showed no evidence of resistance to
irrvadiation. Alicata (1956) nade similar observations in
more detailed experiments on the same parasite by tabulating
the percentage sterility aunong adult female I, spiralis in
gix generations following dlrradiation of the larval stage in
each generstion with 5,000 roentgens of X-rays. He concluded
from his data that no resigtant a%fain developed and that

the ability or failure of lndividual egg cells to develop
probably depends on the amount of radiation wreceived per egg.
Approsching radio-resistant from emother aspeet, Shikhobalova
et al (1958) studied the varviation in sensitiviiy +to irradie
ation of the different stages of embryogenesis of three gpecies
of ascérids. A. lunbricoides, A. suun and A, gaili vere all
Yeirvradiated at stages ranging from the blasﬁomere o the
infective larva. They found eggs to he more suscepitible than
larvae, egpecially at the blastula, morula and eaxly gastriala
phases; this assessment was made on the number of infective
larvae produced and their ability, wvhich was always re&&ced,
0 migrate within the host. That postembryonic development
was affected by irradiation, was shown by increaseg in the

femaleinmale ratio.
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Although we have not tried specificslly to find radio-
regigtant strains, we have not seen any evidence of their
exigtence. While, in the widespread use of an irrvadiated
vaccine, this is a Tactor that has to be consldered, a radio-
regigbant strain muét produce progeny which are going to be
themselves irradiated in 6rder for such a mutation to 'benefit'
the parasite. As theve is, at the factory which produces the

D. viviparug vaccine, no larval Teedback from sources oubside

their own larval production unit, the problem does not arise

there.

b) Poszible recovery from irradiation.

The possibility that parasites might recover from the effects
of ioniging radiation, particularly if they are stored at
temperatures approaching'ccc.. was first suggested by Cook
(19%9). He reported that X-irradiated egge of Parascarig
equorw, kept at SQG. fTor a long period, showed vewarkable
recovery from the radiation effects, as measured by latew
hatchability. However, 3achafer and Pahl (1955), having
gtudied the influence of extended low temperature troatments

on the recovery of X~-ivradiated A. lumbricoides var suis eges,

copcluded that such irradistion causes the firgt cleovage to be
delayed, which delay ls not altered by keeping the eggs at 0°¢. or
5°¢. fow periods of up to %Y weeks before incubating atb 509¢G.,

compared to controls.

Aliecata (1956) irvradiated L. spivalis larvae, then refrig-

evated them for one month after vhich they were fed to susceptible

rate in a controlled experiment.
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He found no recovery from irradiation effects to have taken
place. Also, he found thet performing the irvadiation at 0°C.

produced the game effects on Q. spiralis larvae as irvradiation

at 'voom temperature',

Although periformed in a different biological context, the
work of Weiss (1960) on the effects of hypothermis and hypoxis
on the aenéitivity of Hela cells to X-rays is intevesting aﬁd
[possibly relevant. Using an in vitro cell system he was sble
to observe these two factors separately and he concluded that
while hypoxia did produce o definite decwease in radiosensitivity,
hypothermia led to no detectable change. Poynber (personal
communication 1962), who has_had consliderable experience in
working with X=irrediated D. viviparus larvae, does not congider

that 'vecovery' occurs. lach time that larvee of D. viviparus,

H., contortus or T, colubriformis weve lrradiated for use in

experimenta recorded in thig thesis it was congidered imporiant
to doge the experimental aunimals as moon as posgible altew

lrradiation to avoid the variables introduced by time~lag factors.

Trradiated D. vivipaius larvae probably do not heve a long enough
'shelf-life' for the possibility of radiatlon recovery to be a

hagard,

¢) Moxphological stability.
Séhiller (1957) introduced to pavasitology a novel application of
Z-ivradiation Mhicﬁ he utilised to facilitate the situdy of
morphological variations. JRggd of Hymenolcepis nens were given a

vange from 5,000 to 40,000 roentgens and fed to mice.
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The yield of mutations was divectly proportional to the number
of roentgens and Schiller considered this an important ald to
toxonomists in evaluating the relative stability of given

morphological characters.

d) Morphological effects.

Several workers have subjected parvasites to arbiltoxy doses
of I=-irvadiation, have dosed the treated larvae to sumceptible
hogts and have examined the fe&nl%ing worm population. UNost
vorkers including ourselves, have been impresged by the compar-
ative radio-resistance of the female worm, which can survive
for g periocd following doses of irradiation which eliminate 90%
of the corregponding males. This will be comuented on further

in gections III and IV.

MAlieata (1951), in an informative article on X-irradistion
of T spiralis,noted that the females, albthough suwviving, shov
variously:=- gtunted growth, cuticular thickening, inability of
eges to cleave in viterc and ovarian degeneration, | Katz (1956)
utiliged ¥- and cobalt-00-gauma irwvadiation of @pern and/or ova

to induce guccesgive ifree living generations in Ztrongyloides

papillosgug in which thls phencmenon does nov appear to ocour
naturally. Although theoretically such gynogéneﬁic and/or
androgenetic induction ougnt to have been possible in view of the
triploidy observed in the worm, the elforts were unsuccessful.
However, differing male and female suéceptibiliti@s vere noticed
in that the dominant lcethal effect on larval production wag
obhserved with males given 20,000 roentgens of gauma rays Lfrom

cobalt~60 but not until 40,000 roentgens in the case of females.,
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Ciorde and Bizzell (1960) subjected T, sxei to high intvensity
Yeirradiation and observed that no males developed, lu rabblis,
above 60,000 roentgens vherecas the dosage reguired to inhibit
development of the females was 90,000 roentgens. ' Similarly,
Riek and Keith (1960) found that the effect of 20,000 roentgens
of X=~vays on infective larvae of Oegophagogtomun radistum dosed

to calves was to esbablish o predominently female populstbion.

%) Production and investigation of the immume vresponse

follouine doging with irradiated larvee,

Thé work described under this heading has all been performed
using T. gpivelis, infections of which consist of a primary
Antestinal phasevand a secondary muscle invasion by the progeny.
Once a stfang'reaiﬁﬁance to reinfecﬁioﬂ‘haé been demonstrated
(Duecas 19213 McCoy 19%1; levin and Evans 1942), the main problem
wos whether the host registance to reinfection was elicited during
the phase-of intestinal mucosgal penetration by adult trichinae, or
ag a vesult of dlssemination of larvae into the skeletal

mgculature, or a combination of both,

Tyazer and Homeij (1916), Schwartsz (1921) and Semvad (1.937)
ivrediated, with radium or X-vays, trichina larvae encysted in
magscle and fed the treated mat@rial o mice ov yvats, but the first
cangal relation betbweon lrradiated parapitic larvae and the
produetion of host resistance was demonstrated by Levin and Dvens
(1942), although in the previous year VWaxler and Herrick had
publisghed a comamunication on immunisation sgainst coccidiosis in

poultry by the use of X-irradiated ococysts.
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Working with vreproducible infections of T, spiralis
in rats, and Tinely cuantitating the dose of X-ivradiatiocn
used, Levin and Evans (1942) produced morphologically nmature
but reproductively sterile intestinal populations. These
induced 90 to 99% protection to wreinfection with normal larvae
as egtbimated by the number of encysted larvae recovered from
the muscle of dosed rals compared o appropriaite controls. Since
this high degree of protection was obiasined by an uncomplicated
intestinal infection it was concluded that the ovigin of +the

mechonism of host resistance to T, gpiralis was 'in the intestine’.

Levin and Hvans ended their diacussion of the general
application of irvadistion in parasitic lmounity by laedicating
that. "The suggestions...... ave made in the hope that others
will take up this work. The use of roenbgen r&&iation ags & tool

for the study of host resisbance to parasitic infections is uvrgedh.

Mdcata (1951) studied o series of effects of X-irradistion

on T. gpirvelis and established useful background data. Hendricks

(1952) end Gould, Gomberg, Bethell, Villella and Hertz (1955a)
reopened the question of sctive parasitic immunlty. ‘The latier
group had been vworking on problems associated with X-irvadiation

and T. spiralis for several years and in 1955 published resulis

of experiments confirming the obgervations of Levin and livans that
sultably irrvadisted larvae, dosed to rals, produced & sterlle

inbtestinal population end an immunity to reinfection.
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The immune regponsge was Turther ealibratéd by Zaiman,
Stoney, Rubel aud Hemdley (1955) using pairs of parabiotic
rats. In particular they lmunised one 'twin' with X-irradiated
trichinae larvae and challeﬂgeﬁ the paly with normal larvae,
together with control pairs of rates.s The 'uninfected' tuin
ghowed higher resigtance than the control pair in each case
but not ag high as the 'infected'! twin. The duvation of.
imnunity in such vaccelnated paives was found 4o be five months

(Zaiman, Staey and Headley, 1955).

In order Ht0 define the critical irrvadiation liuwits for

immunigation, Zeiman and co-wovkers (1961) X-irvadiasted T,spiralis

larvae over a range of 8,000 to 20,000 roentgens and gave then in
doses of 500 each to 265 wats in 11 groups. It is of interest that
the degree of protection induced by larvae given 8,000 or 12,000
roenbgens was greater than that resulting from the same aumber

of normal larvaeg.

Sadun, Normen and Brooke (1956) extended bhe stﬁdy on the
location of immanity by investigating the entibody response in
rabbits to both phases of I, gpivalis; the uncompliéated intestinal
phase they produced with irradisted larvae, the muscle phase alone
gith extra-intestinal larval innoculations. They wished 0 find
whnether eilthey phage independently could elielt a detectable rise
in complement-fixing oy flocceulating antibody. They observed thatv
the muscle phase alone led t¢ the prodnsﬁion of antibody in

velabtively high btitres.
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Continuving along similar lines, Kim (1956) X-irradiated

L. spirvallia at close intervals of under 2,000 roentgens to

eliminate one or mere stages of the life-cycle which he divided

into pye-adulis, adulits and 'larvae Lrom the time of release to
encysomens'. The migrating and eneysfing larvae did not appear,
by a process of elimination, to contribute to the botal immunity,
a8 neagured by controlled challenge expe?imenﬁs and gerology,
vhereag adults and, especially, pre-adults scemed to be responsible.

for the imnune stimuluse.

finally, Iarsh, Race and Goulson (19%9), in a corvelative

higtopathological situdy on irrvadiated T. gpivalis larvae in wice,

concluded that the pre-~adull stage alone can produce a demonstrable
jmmunity which is assgociated with the presence of gevum antibody

and a characteristic inflammabory response in the small intestine.

The use of ionislng valdiatiouns by various workers has, there-
fore, proved a useful method of inducing actbive lmmunibty and of
analysing the host regpoanse to a complex life cyele, in the case

of T, _spiralls.

Following their limited success with the adjuvanted wholee
wori vaceine (loc. eit.), Jaxrvett, Jennlugs, Mclntyre, Mulligen
and Urguhert considered that a more effective alternative night

be o X-irwadiate D. viviparus lervee to investigate whether these

attenuated forms were capsble of induecing ilmmunity. A pilot
experimnent established that the radiation dosage for sabisfactory

attenuation Lay between 20,000 and 60,000 roentgens.
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An experiment was then performed (Jarrett, Jennings,
MeIntyre, Mulligan and Urqubart, 1960b) in which three groups
of calves respectively vecelved a single dose of 4,000 lawrvae
irradiated ab 20,000; 40,000 and 60,000 roentgéns. Tifty days
later the three groups, togethex with untireated controls, were
challenged with 4,000 neormal lorvae and all were killed after
a further 35 daya. The groups receiving larvvae irradiated at
the two lower levels showed both a very reduced mean 'take' oX
approximately 15 worms and minimal pulunonary consolidation
compared to the controlsg,; whose lungs weve mavkedly consolidated
and contained over 1,000 WOXmS 4 The 60,000 roentgen group vas
very»similar to the controls in worm burden snd pulmonary{.
conaolidation, indicating that al this level the larvae vere
over-irradiated and had failed to mature sufficiently to reach

the immunising site or siage, or both.

in the same expe?iment a further three groups of calves had
veceived, on dayAOne, single doges of 4,000 laxrvae from the
regpectively irradiated batches, together with controls recelving
4,000 noxmal larvae. These calves were k¥11led at the height of
patency of the contwols to assess the pathogenlcity of the
atbenuated larvae. The three irvradiation groups showed minimel
or absent pulmonary congolidation and had mean worm counts of fouw,

two and zer0 WOTmS, regpectively.

Finelly, o grouvp of calves glven an immunising deose of 4,000
normal larvae had a wean of only 11 wovms after the challenging
infection of 4,000 lavvas; quantitatively this protection was of

a similar order to the lowver itwo ivvadiation groups bub
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gualitativoly the pulmonary counsolidation from the ilmmunising
doge wag severe.

Thus the use of X-irradiation appeared to be a promising

method of attenuating D. viviparas so thab it remoined lnmunoe

genic without being pathogenlc.

A serlieg of . experiments was then performed bto elabovate on
the vacelnation procedure and to test the immunity under o
variety of challenge conditions. These experiments ave described

in the next Port of this thesis.
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PART T

Beetion L

Longevity experiments on Dietyocaulus viviparusg

Before a large scale project involving the culiure,
narvesting, irradiation, counting, doping and probeble siorage
of the lawrvae of D, vivipsrus could be-undertaken, 1t ves
important to carry out a pieliminary investigation into some of
the blochemical aspects, especially those relating to larval

storage.

The provigion for experimental purposes, of adequate numbers
of larvae from what is s comparatively non-prolific parasite,
involved three phages of activity.

2) culture calves - their laxval doge and type of
feeding

b) larvae-containing faeces - method of collection;
culture and havvesd

¢) ‘the separvated thivd-stege larvae - theivr storage
and laborxatory handling

The procedures under categories a) and b) were alveady established
at Glapgov and are briefly described leter. It vas, however,
thought necessary to investigatc methods of sbtoring the larvae,
and the maln factors considered weres-

1. VWhether larvae were best stored, uwwharvested, in faeces

and iT oo albt what combination of stage (fivst ox third) and
pemperature (~20°C: 0 to 4°C.: 27°%C.: 379C.) 7

2. At vhat cowmbination of one of eight different media (including
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a2 tap water contyol) with one of three tenperatures,
(0 to 49Ces 27°.: %7°C.) did harvested third stage larvae

survive longest?
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Lixperinent 1. Longevity tesis on first and third siage

larvae stored unharvegted in faeces wnder various conditions.

s

Larvae-containing faeces obtained from culture calves was
bulked and thoroughly mixed. This was done on two occasions
with seven days' interval bebween cach so that, on the eighth
day, thevre were two baitches of faeces containing third and first

gtage lavvae resgpectively.

Forty~eight 1 gm. sanples were removed from ezch of the two
batches and placed in 96 gless bottles of %0 wml. capacity. The
48 Lirsv stege samples were divided into three groups of 16, -
A,B and C. Group A consigted of moist facces only. Group B
vag sinilar to A with the addition of 0.2 ml. of 1:10,000
Merthiolate, which was stirred into each hottle to contbrol fungal
growth. Group € was also similar to A, with the addition of
100 vnits of peniciliin and 100 nmg. of gbreptomycin to each

bottle to control bacterial growth.

The 48 third stage samples were sinilarly divided and treated.
Thig resulted in altogether pix groups of 16 samples; cach 16
was subdivided into four groups of four each, for incubatlon ab
four‘different temperatures; nEOOC.; 0 to 400,; 2700. and 5000.
Thug, the effeet of the various conditions was tested on
the two (Ffirst and third) layval stages, although as expected the
Tirst stage larvae were found to develop to the third stage after
a week, in thoge samples wherein they remained alive. The samples
vere examined at approximately weekly intervals and the observe

ationsg made are recorded in Tables I and II.
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he maln conclusion dvawn from this pawrt of the

experimnent was that the storage of larvae in the faeces

wag not a practical proposition.
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TABLE T To investigate the feasibility of larvsel storage in
faecen. All numbers expressed ag percentage of larvee ghill

alive.
Firgt stage lorvae stored
-20°¢, 0 to 4°C. 27%¢, 37°0,
(4 0% 100% 50% 0%
Examined ( (now Hrd)
at g'ﬁs 0% 100% 0% 0%
Tive days( .
(¢ 0% 1.00% 50% 0%
(now 3rd)
Examined até , ,
1l days. (A 0% 10% O 0%
Firvet stage( » :
were nov B 0R A5% 0% 0%
third )
gtage. (C 0% 45% 0% 0%
0% 15% 0% 0%
Examined (decomposed)
at (3 o% 5%5% 0% 0%
21 days ( (decomposed)
(¢ on 535% o o%
(decomposed)
(o 0% 25% 0% 0%
Bremined ( (decomponed)
at g B 0% 66% 0% 0%
28 daye | (decompoged)
(¢ 0% 66% 0% 0%
‘ (decomposed )

A1l botitles 'A' contained 1 gm. faeces with no added preservative.
A1d bottles '8B' contained 1 gm.

Mexrthiolate.

AL botbiles 'C* contained 1 gm.

100 mg. streptomycine.

faeces with 100 wnibs

faeces with 0.2 ml. of 1:10,000

penicillin +



TABLE I, To investigate the feasibility of larval storege

Tin roeces.
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All nuubers expressed as percentages of lervae still alive.

Taird gtage larvae stoved

-20°C, 0 to 4°¢. 27°¢. 57°C.
| A T Q0% 90% A40%
Txemined )
at B 66% T0% 66% o
five days ( ¢ 60% 100% TO%% 07
Txamined (A 200%(very 607 06 0%(very
at 11 days ( slugglish) decomposec
Mrast stage(B 50% 665 Q% (very 0% (very
were now . decomposed) decomposed
third stagely 1004 1007 0% 0%(very
decomposed
(A 0O 66% 0% 0%
Bromined E ) (decomposed
% B 0% 20% 0% 0%
a E ‘ (decomposed
21 days ¢ o 50% 0% 0%
. (deconmpoped
(A O 157 07 0%
Bxawmined ( (decomposed
at § B 0% 20% 0% 0%
(decomposed
28 days ( . '
(¢ o% 4Q% 0% 05
{decompoged

A1l bottles 'A' contained 1l gm. Facces with no added presexrvative.

A1l bottles 'B' contsined 1 gm. faeces with 0.2 ml. of 1s 10,000

ferthiolate.

A1l bostles 'C' contained 1 gm. facces with 100 wnits Penlcillin +

100 mg. streptomycin.
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Ixperiment 2: The determinotion of the opbtimun medium for the
atoroge of separated third slage larvoe.

Tarvae-containing faeces wag collected Lrom infected calves
and cultured and harvested by the usuval technique. The resulting
larvval sugpension was diluted to contain 2,000 lavvae per ml. and
was then mixed with various medisa in the properition of 0.25 ml.
suspengion o 4.75 ml. of medium. Jtriet sterile precautions
vere obgerved in the making up of all medla, of which seven
solutiong wvore tested sgainst a Glaspgow tap water conitrol at
three temperature levels:

0 to 400., 27G0. and 30°G. Only third stage larvae uere used in
this expeviment,

The media were as followss-

1l: Qlasgov tap water as control,

2 ®asgov tap water + 100 unils of penicillin
per ols + 100 gms strepbomyein per ml.

%¢ FPhogphate buffer, pil 7. (Made up of 50 ml. of
0¢2 m KHPO, + 29:06% mls of Q42 n HaOH used
without fu¥ther dilution).

4o Tyrode's solution.

5, Rarle's solution. (treated with €O, before
use until producing yellow colour Gith phenol red).

6 - T‘.’:@;E’le 's solution con !;ainin & 15% 7:(’&-(303.0@5'[;3?511
] B
: ? ’). »

7. BRarle's soluition, conitaining O.60lactalbumin
hydrolysate,

8. Favle's solution, containing 0.6% lactalbumin
hydrolysate + 0.6% yeast extract.

Twelve bottles were prepared, as detailé@ above, from each
medium including the wnirol and 0.25 ml. of the larval suspension
wag added to cach. Theve was a total of 96 larval cultures, on
which ezeninations were carvied out on the fifth, 12th, 19th and

24th days after setting wp the experviment.
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HEDIUHNM

Tyrode's Harle's Barle's Bavle's + Barle's +
solution  solution soln. = Tactalbumin Yeast +
precolost hydrolysate. Lactalbumin.
1S3 4 11 (1 R ,
974 987 100% 0% 0%
27% 1556% 119%
45% 69% - 0% 0 0%
229% 1.49% Thege had a heavy precipitate
4% 845 0% 0% - 0
169% ©BRX These had a heavy precipitate
88% 955 100% 57% 85¢%
10% 149 05 0% 0%
(very decomposed)

g 0 07 05 Qv

(Very decomposed)
Gdsh 1.00% 0% 0% . 0%

1.656%

B 0% 0% 0% 0%
Q2% 1005 0 Q56 0%
e

¥ = (oiled,

and probably of lowered infectivity.
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The conclusicon of this part of the experiment was that
the first five of the solutions under experiment all seemed
capable of maintaining third stage D, viviparus larvae, within

the range of O to 4°¢. as the optinum storage temperature.



39.

L% wasg also thamghﬁ useful at this stage to wake a

hried morphelogieal study of Dictyocaulus viviparug.

Bops. These were gelected in two wayss

1) from the middle of the uterus of gravid
female worms

2) from bronchial mucus Trom the freshly opencd
lungs of ?eecntly killed culture calves. .Once collected, the
eggs vere washed in normal ssline and examined in a drop of
saline. Prior to examination, the slides were kept at 3700. on
& hot plate. The egg wall congists of an inner vitelline
memhrane and an ouler elastic membrane. The larve inside each
ege could usually be seen (o move, sometimes very vigorously.
The meon egg length was 82.12 + 2.0l microns. The mean breadth
was 47.8% + L.25 microns. Thesge means were obtained from counts
o 300 eggs from five worms from cach of six calves.

Mrat gbage larvae. Nost of the body of first stage lavvae is

Qecupieq by coarse gramales, beginning Lyom 80 to 105 wicrons

behind the head to 40 microns Irom the tip of the tail. The mean
length of Ffirst stage larvae was 352.5 + 1l0.4 microns. Fivst

stoge larvae are very active relative to third stage lavvase although
neither is comparable in activity to that of intestinal helminth

larvae, such as Teichostronsylus ov {agmonchus species.

Thivd stage larvae. Tarvae at this stage have a double cuticular

membrane which is best appreciated on the ianer curvature as the
worm bends. The larval ouiline is siwiler to the previous stage
but the internal structure is much more visible as the granules

are much diminlshed.
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The oesophagus is geen faintly as a thin tube. The excretory
pove is secen as an S~shaped structure approximstely 75 microns
from the head. The rectal tube and snus ave approximately %0-40

microns from the tall tip.

Adult meles. Fifty meles from 10 calves vere measuved. ALL
wvere smaller than the females present in the same lung, éll

had a yellow tiﬁge and s?icules ﬁera visible to the unaked eye

a8 short brown gtreaks at the posgterior end. The mean length
of the worms was 40.4 + 6.5 mm. Thelr mean breadth was 495 +
%062 microns. The widih of the buccal capsule was 19.5 % 1.8
microns and its mean déptﬁ wags 10.4 + 0.8 microns,

The length of tﬁe oegophagus was 945.2 + 0l.4 microns, Its
ninimun breadth was 69.2 4+ 5.4 microns while the. maximum breadth
was L47.4 + 11,7 microns.

The.excretéry pore cduld usually be seen falirly eagldly in
the middle third of the cesophageal length and less frequently
the nerve ring could be observed arvound the oesophagus in the
region of the pore.

The spicules were thick and brown and their mean length vas

225.0 4+ 15.8 microns.

Adult fenales. Fifty worms were measured from the same 10 calves.

The females were alvays largery and more opaque than the males and
were always vhite. The opacity and dlour wewre due to the uterus'
being full of eggs. Their mean body lengeh was 55.5 + 7.1 mu. and

their mean breadth was 559.2 + 35.1 microns.

The buccal capsule, which simllarly vas without teeth, measured

2le2 + %,1 microns in width and 9.6 + 1.5 wicrons in depth.



Degophagus. The mean length was 985.4 + 73.1 microns. The
minimun bresdth was 78.2 + 7.8 microns. HMaximum breadth was 151.8 #
1347 microng. The excretory pore and nerve ring were falrly
eaglly visgible as in the males, and were similarly positioned
with relafion to the oegophagus. i \ v
Vulva. This was situated slightly postewxior to ‘the hiﬁ~puint

of the woirm having e mean digtance from the tail of 24.2 4 3.1 mm.
The anus was clearly visible at 438 + 5l.é nicrons, from the tip
of the boil. | -

Aéal papiliae were clearly visible. These were appﬁoximaﬁely
opposite cach other and 174+ 14.1 microns from the tip of the

4 1 H

tall.
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pechion 11,

This section of the thesls deseribes a sexies of
experiments designed to test the ilmmunising powers of

z-irvradiated D. viviparus larvae under a wide range of

conditions as the vaccine was translated from a laboratory
tool to an sapplied product.
The main Tactors under consideration vere:-

1) quantity of ivradiation

2) number of larvse per single immunising
doge ‘ ‘

3) nuwwber of doses per calf

4} intexrval between dosing

5) +the sizme of ‘the challenge

6) the method of applying the challenge

7) the timing of challenge after vaccination
8) the timing of the final kill after challenge

The handling of these Factors is discussed under the individual
experinents, but one factor remained constant - the guantity of

irradiation.

Previous experimenis (vide supra) had indicated that less
than 20,900 roentgens did not lnactivate the larvae sufficiently -
they veached the lungs in nusbers and activity adequate 4o
produce lesions which result in couvghing and guite markedly
increaged respiratory rates in the calves. 060,000 roenigens
over-~gttenuated the larvae go that %héy elther failed to make the
initial intestinal penstration or did penetrale bub died before

eliciting an appreciable immune response.



“ The effec,tive range for Dictxocaulus viviggrue iay between ?0 000 and 40 000:_‘1
.roentgens and ‘as larval inactivation appeared equally effective at eaeh |

. "_‘Iev'el the higher quantity was selected on grounds of safety. o o

!\ dibcussion on irradiation quantity would be incomplete without a briei
. c,onsideration of irradiation rate. - The upper level of the rate. was partly

,determined by the output of the X—ray unit originally available - a Newton _
Victor G}{ 10 which had an’ output in the orcler of 200 roentgens per minute. . R

: :"Ae this 1ate had proved sati.aiactory it was not changed in further experiments

on D:lctyocaulus viviparue N even when machines of higher output hecame

‘.'aveiieble,» because_ there’ w.ere,other more urgent 'variables to he consideted. -
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Dxperiment 3. Assesoment of the efficacy of o sinegle
accinating dose of 1,000 irradiated lavvee under simulated
challenge conditlons.

Iin order o estimgbe the nvility of vaccination as a field
procedure it was necesgary 0 expose vaccinated calves to
natural challenge while simgltaneously employing some quantitative
standord of measuring resistance. The Lirst vay in which this
was done wes as Followsi- _
A punbey of calves wag lnfected artificlally and was then allowed
to graze oun a pasture located within the grounds of the Veterinawvy
Hospital and which was subsequently grazed by groups. of vaccinsted
and conlbrol celves. These latter groups were clinically examined

three times weekly.

Materials and methods.

Poxty=Live Ayrshire bull calves were bought when two to seven
days 0ld and were reared parasite-free by housing in individual
isolation pens and feeding artificially. They were raendomlsed
into three groups of 15, viz: carriers, vaccinates and conitrols.
Cavriers. The carrier calves were divided into two sub-groups of
five and 10, one lot being infecited with 4,000 normal third stage
larvace 45 days after the other.

Vaccinates. Fifty days before being turned out to grasze, the
vaccinate group were each given 1,000 X?irradiaﬁed loxvae as a
gingle oral dose.

Controls. These calves received no treatment of any kind before

being turned out 0 graze.
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She Desien of the Experiment. Five carrier calves wero put on

to a ﬁhxee acre pasture fox 40 daya while their fasces contained
lorge numbers of larvae. These calves were then withdrawn and the
vemalning caryiers, vaccinates and controls were allowed to grasze
the paddock: (The control group now nuwibercd 12 since three had

been disposed of by accident.)

At a conservative estimate, 200000,000 laxvae were deposited
on the pagture by the carviers, giving an approximate concentration
ofl 1,300 lorvae per square foots This wam, of course, coﬂﬁiderably
sungunented by the calves df the other groups vhich became infected
during the expeviment. All the calves were gathevred together
for c¢linical and faecal examinatlons three times weekly:; the

faeces were subjected to a modified Mclmgter technigue.

The average faecal larval levels in the control and vaccinate
groups are shown in graph'&. The highest levels weye reached ot
44 deys after thedlr grazing of the pasture began and the difference
between the two grcups'is higoly significent at thie point. The
difference would have beon even gyeater hod not four of the wmoss
highly infected contirols died before this point. The succesgive
deaths of controls atfier this time caused an unusuvally shavp drop
- in the average level of the group. The pesk lapval counts and the
duration of the lawrval counts in the two groups avre shown in
Tables I and I1. The average respirabtory rates of the two groups

are given in graph 2.

Ten of the 12 controls died between the 27th and T3rd day afber

being turned out; the specific day on which deaths occurred and the
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worm burdens are recorded in Table IIL. The movbtallty rate
is 8%%. Three of the 15 vaccinates dled, a mortality vate

of 20%; details are given in Table ITI.

AG post m@rtém and subseguent histological examination, the
Tungs of ealves dying during the experiment had lesions bypical
of parasitic brénchiti&, In addition, the vsceinate which died
50 days after exposure showed widespread acute intevstitial

pnewmonin.

The survivors weve killed when all faecal counbs becane
negative. One vaceinate haed two lungworms and the remainder none;
one other had a small area of consolidation in a diaphragmatic
iobe. Both of Tthe controls showed some consolidation but in

neither was 1t severe,

Digcugaion.

Two laxval variatlons aire possible in this type of attenuated
#accine, the anount of F=-irradiation to which infective larvae
were gsubjected and the number of guch larvae used Ho immunlse each
calf. JHoth of these variations would reflect in the potency and
satfety of the vaceine. Irradiation factors have been discussed in
the intwoduction. Concerning larval numbey, in the preliminary
experimnents the vaccinsting dose was 4,000 lrradinted lavvae and
this proved to be 99% effective under certain conditions, viz. if
calves wera challenged with 4,000 normal infective lavvae 50 days
after vacelination and killed after a further 30 days, the woim
burdens weyre reduced from an average of 1,000 in controls to

about 10..
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Tis was a very accepteble degree of proteciion bub it
was felt thet the voceine dose for uge in the field during
early trials should be xeduced to 1,000 larvae since, if a
failurve of a%tenutatian did ocecur, this nmumber of larvae
would not produce Tatel digease. This dose was used in the
present exgeriment to assess ite wiillty under field conditions

of challenge.

The weather conditions during the course of this trial
wvere very conducive to maintaining a high level. of infective
lervee on the pasturc and it is unlikely that the levels produced
by the 15 carrviers, all gevere cases of husk, are often obbalned
muder commercial favming conditlonss It 1s considered that thig
systen effected a very vigorous challenge (o a vacceine desgigned

for field ume.

Suceess of such a vacceine should be judged by three
criteriat 1t must reduce or abolish moxitality; iv ghouwld
diminish the‘gumber of larvae being deposited on the pagiure
go that, after a fovw yesrs, any individual ferm should have been
largely eleared of the diseases thirdly it showld remove ‘the
need both Ho house and to gupply supplementary Teeding to

sugceptible aninmale during the graging seasol.

The results leave 1little doubt that a very high degree of
registanece was producad. Vhether enough inmmunity would be produced
by o vaccine of this strength to save all celves subjected to
infection wnder field conditions was as yet unknown, but it ceemed
that the vacecine would be capable of consgideveably reducing

rnortality.
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The reason for the appavent failure of the vaceine to protect
three of %he‘vaccinate group is woknown. Pathological exwmination
of the lymph nodes and lungs failed o reveal the reactlons usually
seen in vaccinated calves.

On the mecond criterion of wiility there is no doubl; the
larval ouﬁpﬁx of the controls was very significantly greateor than
the vacelnates, both in numbers of lervee ad ony one time and the
length of time over which lérvae were excrete&ﬂ

The third eriterion is diFfficult o assess in this trial
because of the severe and prolonged nature of the challenge and the
fact that calves, carriers and controls, were mainiaining pastuve
levels which would not occur on o ©arm on which all ealves were
vaccinated. It wvas easily seen, however, a forinight after the
trial began that the vaccinates were in much better physical
condition than the controls.. This became less appreciable in the
niddle peried but wrecovery in the vaccinated group was Faixly rapid.
The cleay diffevence in the respirvatory retes between controls and
vaccinates shows the benefit conferred by vaccination.

Vhen surviving vaccinates were killed there were virtually no
pulmonary legions. Apart from the obvious point that the animale had
been protected in greal measure ageinst the offacts of the porasitic
puneumonia, this demongtrated that the vaccinating dome of ivradiated
laivaee had produced ne permenent harmfvl changes in the lungs.

I éppeared from the experiment that this Towxm of vacclination
might have an important part to play in the control of husk in the
field, both in redvcing morbidity and mortality and in reducing

pagture contemination with lavvae on the farms.
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JABLE TI  Numbey of days on which faeces conlbained lavvae.
Pesk larval counte obtained in the vacclanate group.

Calf _ Days Pcsi%ivaf
nunber /Days sampled ~ Highest count recorded

mo | 344 | 250
14 A 8/9 650
15 | 10}11 | 1,550
16 : 16/22 i 13600
N | 16/22 800
R I L7 R 250
19 - gf22 250
20 \ /22 200
21 6/18 250
22 8/ a2 100
23 5f 22 100
24 5/ 22 100
25 322 150
26 2/ 22 150

27 2/ 22 100
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Time of death, and number of worms Found in

lungg at post-morbten.

Galf

Daye after Lxposure

numnber Group on which death occurred G§g§§
1 Control F 26 1,200
3 " 29 950‘
2 i 29 1,560
4 " 50 44670
5 " &7 2,100
8 n 50 910
6 i 53 1,210,
7 N 54 2,250
i 13 2,600

10 " 1% 3,000
13 Vaccinate 350 1,660
14 " 41 840
15 " 50 1,500
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farms immediately, so Pthal vaccination wag always performed
on the day of manufacture. Samglea'of unused vaccine were
alvays exemined for viability on return and were 95 to 100%
viable in each cage. The calves were not turned out to graze
untll four weeks alter vaccination. Taeces exzaminations were
caryied out by the Baermann, Zinc sulphate flotabtion and

modified MelMoster methods (see technical appendix).

bxperimental procedure

The trial was periformed during March to Hovember of 1957.
All Tfarms were visited once' each month, when the calves were
individually faecés samnpled per. rectum and theiyr clinical
status noted with particular reference to thovacic ausculiation
and respiratory rate. In the' laboratory the faeces samples wevre
bulked in groups not ususlly exceeding five for Naermann
exaninetion. This was necessary in view or the large number of
faccos samples anﬁ‘the relatively limited labovatory facilitiesg
avallable. However, if one Baermann funnel was positive, the
component samples, whose numbers weve knoun, could if required
be subjected to individual zine sulphate flotation and modified
Melogter exeminations. ALl the calves throughout the trial were
readily identifiable by numbexs tatteved in thelr ears or in
gome cases by metal ear tags. Nost calves were vaccinated over
12 weeks of age and the vaccinations were performed between the
12th Morch and 19th April, as the crop of winter calves came
of immunisable age, and between the 4th.and 27th of June for
the spring calves. On each farm only helf of the calves of each
vave were vaccinated.. These were selected at randon and the

remainder gerxved ag controls. Altogether 396 of B%3 calves were
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~vaeclinated in the fivret run, and 135 of 289 in, the second.

The doging was cavefully performed to ensure that cach calf
recelved all ita larvge.
Results. From the experimental view-point 1957 was a poor

year for hugh and, although the disease had occurred on all

- the faxms the previous year, only 2% of the twriel farms showed

evidence of infection and of these only six could be éaid»tn
have experienced overt oubtbreaks of parasiitic pneunonis in the
clinical sense. Summarised details of these six farms are showﬁ
in Toble I. In two of these, AG and AK in the table, the
experiment was technically interfered with when the farmers,
guite underptendably, called in thelr veterinary surgeon to
treat the oubtbreak at its onset. One of the drugs used wag a
cyanacethydrazide compound which may provide some alleviation by
causing the dislodgement of gome of the adult worns in the main
bronchl. As the only quantitative criterion for asaeésing the
parasitic status of fhe calves in this particular éxpgrim@nt

wag baged on the faecal larval counts, such treatment nullified
guantitation on farms AG end AK. Nevertheless controls died on
the two Tarms. It was unfortunate that there was no opportunity
0 examine post mortem the two vaccinated calves vhich died. In
particular it wvould have been iunteresting to see if their lungs

ghowed histological evidence of reactlon to the vacecine.
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Table I.  Distribution of casges on ‘the six outbreak fearms os
nggessed by modified MelMaster technique. . |

= o

%arm number o number MNelinster »number of number MelMaster
Gode wvaccinabes. positive controls. positive - deoths
{vacecinab
Ad 12 ' 0 13 6 0
AP 9 2 o 7 5 1
(vaceoinatbe
AG EOQ thege two farmg 1 and 2 controls died, respeciively.
w $Tle other calves had bheen 'Helmox'®treated and were , .
Aﬁ'gnat poaltive. (controlt
Total 47 5 41 25 . 5

% 'Helwmox' «~ I.C.1. cyanacethydrazide,

Calves on a further 17 farms had faecal levels of larvae
which were demongtrable on Daermann examinetion only. An indtial

hreakdoun of these figuvres in shown in Table 1II1.
Table 1I. Digtribution of cases which vere Paermenn positive only.-

Munber of farMGe.sccessessscaesdt
Tumber with controls

Oilly 1;)0$itive.l.ﬂitﬁi!!’OO.GQ. 4
Number with vaccinates

only POSibive.ceoeneaviactoocsne 2
Nw}}bﬁl" t';i.{;h botll '*'vea s 6 e v aes e oslo

A Turther breakdown of the Daermann figures vevealsa that
out oFf the vaccinated wave of wintex calves on thege farus there
vas & total of 15 positive Baermann examinations compared to 31

pogitive in the corresponding controls. In the ppring wave of
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calves the picture ls rather different in that six of
the vacclnabtes were pogitive snd seven of the conbrols.
In the seven farmg where only one of either group conbtained
positive cages, the number of pogitive Baermamms did not exceed
two on either slde.

Digcusgion ond Conclusion

It wvas disappointing from the experimentsl point of view
that clinlcal outbreaks of the discase occurred on only six farms.
However, the resulits hewe were encouraging in that they iundicated
a significant degree of protection in the vaceinated celves, as
shovn in Table IXX.

Table I1L. Percentage morbidity in vaccinated and control calves
on 4 farmas, %, AI, AJ and AP,

Growp Nunmber at Wamber with clinical  Moxbidity
risk . disgease

Vaceinates 48 3 655

Controls 4% 27 62%

Thege results arve highly gignifilcant if only the relevant
four or siz fayme ave used to obtain data. They ave net gignificant
if all 40 farmg are included; however, as each individual faim could
o

be congildered as o closed experdment it wvas thoughl reasonable to
include only those favmg with the clinical digease.

Regarding the 17 Bacrmeun positive farms, it was intevesting
that the results of the winter calves appeavred to show o trend
favourable Hto the vaccine whereas vaccinates and controls in the

apring calf groups appeared equally affected.
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Debailed examination of the individual wecords shows that the
spring calf figurea arve obitained from five farms, where the
calves in question were all vaccinated on 4 te 7/6/57 and showed

larvae in their faecces on 3 %o 14/8/57. Subtractlion of the 24-day

prepabtent perdod of . viviverus gives a mesn parlod belbween
vaceination and challenge of 44 doys for these afilected spring
calves. It must be bofne in mind that thig ls a theoreticsl
maximun vaceine/ challenge interval and aspunes that the calves
vere sampled on the first day of patency. The True vaceine/
challenge interval yrobably lay betwéen 70 and 40 deoys, which is
posgibly too short as complement fixing antibody attaing a méximum

level between 80 - 100 days after'single!infection:

In addition the later vaccinated calves were turned onto
pagture on which the larval levels had already appreeciated from
calves of the winter groups =0 the former did not have the benefit
of o more gradual parasitic acclimaiisation. The main coneclusions
from this trial veres~
1) that the vaccine itself appeaved zafe to use under norwal farming
conditions. No breakdowns in attenuation were found and no untoward
vaceine resctions occuryed. |
2) thet the veccine could confor an sppreciasble degree of
protection to a nabural challenge infection.

%)  that the spring calves night be at a temporel disadvantage, which
could possibly be overcome eithexr by increasing the vaccine dose ox

by glving two spaced doses.
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Dxperiment 5. Lo _investigabe the protection of single and
double wvaccinatbion, including the

effect varyinz the slze of the second dose,
againgts g hiph challenge infection.

Mhe dose of vaeeiné (1,000 larvae) used ln experiments %
and 4 was prob&blyfsuffioient to protect the majority of snimals
at rislk, but it was known that in the endenmic areaé, such ag
south-west Scotland, some calves sre exposed {0 very>large
infections (as meny as 6,000 wormg being found at posb-mortem)
and these would require a greater degree of proteetisn. For thin
purpose the use of double vaccination was next explored since it
had been shown (Jarrett, Jennings, Melntyre, Mulligan, PThomas and
Urquhart 1959) that an importent fector in the Inmmnisy agaiust

Do viviparus is the fime taken for the anmmesbic response to

devolop. After an initial infection (as was mentioued sbove) the
com@ioment fixing antibody titre does not wreach its maximum polnk
untll approximately 80-100 days; with subsééuenﬁ relnfections this
tine is reduced to 10 -~ 14 days. The aim in double vaceination

wag to have an animal, when turned out to grazme, capable of
attaining a high level of impunlty within a2 fovrinight of ingesting
infective larvae, thus preventing the establirghment of adulite in

the bronchi. In preliminary experiments (Jervett, Jemnings, Meintyvs,
Imlligan and Urquharts, 1960b) eu accepbably high degvee of immmity
had been produced with a pingle vaceinating dose of 4,000 irvadiated
lorvae, bubt this dose gave rise to pwlnonary com@lieations which,

though mild, might have cpused some alaym to gtockouvners.

Materisls and Mebhods.

TM£6y Ayrshire calves were bought vhen three days old and
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were ralged parasite-~free in individual isolation stalls.

Third-gtage infective larvae of [, vivipeyug were
cultured and subjected to a dosgse of 40,000 roentzens from an

X-voy source.

The methods of administering larvee to the calves,
estloating faecal larval outputs, counbing the number of worms
in the bronchl and examining the calves for clinical and patho-

logical changes are as described in the technical appendiz.

The T£ifty calves were allotted to five groups of 10. A%

the commencement of the experiment (Day 0), each calf in group

one was glven 1,000 irradiated larvae. Bach calf was given a
further dose of 4,000 irradisted lavvae 42 days lator. On day

95, each calf was challenged with 10,000 normeal infectlve thiyrd-
sbage lavrvae. The experinent was ﬁeimina%ed by killing the calves
on day 126. A% this time Linsl Ffaecal. larvel examinabions vere
made, the number of woxms in each paly of lungs was counted, and
an assessment of the degree of pulmonery consolidation was nmade
uging o lesion score method. (vide techuical appendiz). Histo-

logleal ezamination was made of affected lung tissue,

The calves of groups 2 and 3 were itrepted similarly excepd
that thelir gecond vaceinating doses were 2,000 and 1,000 iyvadiated
larvae, vogpeectively.

“The calvesn of group 4 wexe given only the initisl ivradiated
1,000 laxvae ot day O, with no further dose, and were challenged

with 10,000 uormal larvee ag before on day 935.
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Group 5 wap divided into two sub-groups, 4 snd B. JRach of
the five calves in group A was given 10,000 noxmal larvae on day
93 and the five calves of group B were given 5,000 novmal larvac,
Andimals in thelﬂubgroup which were infeeted with 5,000 normal larvae
were included in cage o heavy moviality should results awnong the
10,000 challenge group during the prepatent period; in the labber
case a quantitative assessment of response ito challenge would have
been impossible, as an accurate worm count could not have been

obtainaed,.

During the course of the experiment, a clinical exawmination
was carried out on each cglf twice geekly; the r-gpiéatary rate
and the degree of coughing was noted. Bach calf wes welighed once
weekly from two weeks before challenge until the end ol the

experinent.

In addition Vo these calves, two obher groups (6 and 7) were
uged to contxrol Tthe viability of the lavvse used in making the
two batches of vaceine and to glve comparigons between group
regpivatory rates. Bach calf in group 6 was glven 4,000 infective
laxvee at day O and the calves of group 7 were given 4,000 normal

larvae on day 42.
The degign of ‘the experiwment is summorised in Table I.

Resulis.

The wespivatory rates of the corresponding groups ave shovn

in grophs % to 8. In regponse to the fivst vaccination, there was
an increage in respiratory rate in each of these groups which

repched its maximum about the 18th day.
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There was no significant statistiéal difference in response
betueen theﬁe groﬁpg. This4ﬁransient rise in respiraﬁery rate
has been.noticed in almost all calves vaccinated by thie method
and is due to a few irradiated larvae reaching the lungs and
producing the gquickly resolving alveolsr and bronchial lesions,
which are described in Part IIL of this thesis. The respirator&
rate falxlawgy to normal by about the 25th day, whefeas in the
coﬁtxol group (Group 6) %he respiratory rate continued to vise,
reachihg a maximu between the 30th and 40th day, when a fully

patent infection had developed.

“After the_second ﬁaecinaﬁing dosge in groups 1, 2 and 3 there
was an apparent rise ih respiratory rate weaching a ﬁe&k hetween
66 and 70 days, bﬁt‘this is nct\significantly different from the
reépiratory rate of calves in group 5 (graph 7) which reached 50
per minute at that time during avépell df warm Wéather. The
calves of this laﬁterAgrouP;(destined to be.the challenge:control)
had not ot that time been interfered with experiménﬁally in any wey.
After challenge with 10,000 larvae on the 93rd day, there was no
vise in r@$piratqry rates of calves In groups L, 2 and 3, wvhereas
in groupa 4 and S there was a marked rise. On auéeulﬁation at this
time, no abnormality was detected in any calves in the firgt three
groupse; marked clinlcal respiratory abnornmalities wevre pre@ent&in
>calvea in groups 4 audvﬁ. The calves of group HA wewre congidered to
be moribund shortly before the termination of the experiment.

The total and percentage welght gaing of the groups are shown
in Teble IT, The ealves in the double vaccination groups gained

approximately 18% in weight during this . time. Those in the single

vacclnation group gained T.6% and the chellenge controls gained 5.0%.
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Paragsitological Reég;ﬁg. A high degrée of protection against
the challenge infection was produced as shown in Poble I. In
groups 1, 2 and 3 no wbrms vere found in the lungs at necropsy
and no lavvee appeared in the Ffaeces of these animals. In
group 4, patent infections developed and s mesn of 820 worms
wag found al necropsy‘afﬁér challenge; +this result, however,
must be interpreted in the light of the pathological findings.
In groups 24 and 5B severé‘infectiena developed; it wag
“dmposaible to asseas the total number of womns present in 54
as meny wvevre imm&fure and wére visible only on higtological

examination.

Yathological Results. In grouﬁs i, 2 and 3 theré.weré virtually

ne legions at post mortem and histological examination of the
‘lﬁngs failed to show any~signsrof an infection hgving been
.established. In group 4, the lesion geore was almost the same
as vhat in(groupsl5ﬁ and 5B indiéating that, maeroscopically,
the degree of conéolidéﬁion was the same in the groﬁp given one
dose of vaccine as it vas ing%he.challeng@ controls. 7However,
his%ologicél examination showed the lesions to be‘qualitaﬁivel

different in the two groups.

jip“cseopie exaﬁination of pections frﬁm calves in group 4
revealed %hét the majority of'the worms in the bronchi‘were
dead o dyiﬁ'; the lesions producedlwere those of mérked
eoginophll ieukacyte'infiltration_inte the bronchi and desquanation
of +the bronchial epithelivm. There was litile evidence of alveolar
consolidation of the type normaliy found in: primery lungworm.

infeetions. The collapsed lobules, which accounted for the @
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high lésionrsdore, were coused by bronchial plugging with
degenerate éosinoPhil pué. This atlypical, exaggerated resﬁonse
to worms dying in gitu in the 1uﬁgs will be desciibed in gréafer
detail in Part III. It is knéwn to resolve in a much shorter
time»than'the 1esions produced by a normal infestation of
P._viviparug. The severe pneumonias recorded in groups HA and
5B are in keeping with previous experience of the experimental

disease (Jarrvett, MeIntyre,smd Urquhart, 1957).
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Fable L. Parasitologlcal and Pathological Results of the
Challenge Infection.

Nuber of larvae ¥eon Mean ,Hean
lavvae nunbey Ilesion
Group A o
Bl 4 et e g 1r e . e PET gn of 8R0re.
gt vaceine 2nd vaccine challenge o aduLt ‘
faeces wornms
at
NECTOPEY
i 1,000 4,000 10,000 O 0 0.1
2 1,000 5,000 10,000 0 Q 0.1
3 1,000 1,000 10,000 4] QO Q.2
4 1,000 e 10,000 285 820 TeD
84 o e 10,000 454 897 Te?2
oB - - 5,000 500 1,020 Ta2

Table II. Tobtal group weights and percentage welght gains.

Total CGroup Welghts Total Group Veights Group

$xoup at challenge (1b) at slaughter (1b) vwelght gains %
1 2,720 3,227 | 18,6
2 2,6%2 5,110 17.2
2,056 5,092 17.%
4 2,457 | 2,664 746

5 2,607 2,758 5.0
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v?}? gonssion.

. > Y,

The ?a}ulu Sven above indiocnte that the asdninistration

of tuo doges of infecvive lavvae of I, vivipsrug, paritislly

inagebivated by drvradiation, produced o level ol immawiity which
gnabled the ¢alves to withstand 2 high challenge dnfeciion. The
elinleal effects of vaccination vere nild even in Group 1 in which
the second dose was 4,000 larvae. She trangient rise in regplvatozny
rate and cccasional eough would pass unnoticed wader practical £mrniam

conditions.

A momt peybinent conpayvison is that bebtween Groups % and 43 tﬁo
calven veceilving only a single vaceinatlon with 1,000 lorvas were
overvhelmed by the challiouge, whereas those rec¢eiving o sscond doge
of 1,000 were slmoesh comploebely wefractory to the challengs usned.

Ho differency wan Ffound in responsce $o the ehollengs bedween:the thice
groups recelving deuble vaccination. ind the eballenge Lean groatey
L% probably would have seyara%@ﬁ thege thyee groupie.

fhe ditferonce in weight geins between the double vaceine groups
and the control and pingle vace "8 groups is mignifimmn*‘ Welghit
gning in hie stock are one of fhe prime considerations of the formers

it is yrobable thet oven o mild adult lungworn buvden couvld deprens
the rate of growith without eauming ovord signs of dimpoase in catlle, whie
turedeon wouldld not exigt in the iswunc snimol in one sense, and withoud
confinimg discusgion to the luugworm, the povasitised animal which

shows obvieus siges of discaese is s Talrly extreme cnse,. Hueh of

pﬁraail sn e eondined in ite offect to the no-man's-land hebweon

health ond diseane whereln aleo lioe the fewmerst profit.
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Bxperiment 6. laxge-scale uncontrolled field trial using tuo
voccivating doses of 1,000 irradisted larvae,

This experiment was performed during the summer and sutumn of
1958 on lines very similar to the farm trisl described in Ixperiment
4+ However, there were several najor points of difference.

1) This trial was very much larger, involving over
8,000 calves on 204 farms soattered throughout
Scotland in areas vanging from Crieff, Perthe—
shive, to Stranveer, Wigxbownshiieq

2) A1l calves on the farms were vaceinated and all
vaceination was double.

%) Roubine faeces gampling was not performed unless
clinical suppicions were avousced.

4Y The vacecine was not irradiated in Glssgow. ‘This
was because the proeess was being sceled wp fox
posgible commerciasl production. Conseguently the
vaccine wag prepaved by the scientific staff of
AMlen & Hanbureys Itd., under the direction of Dr.
D. Poyuter. \

In the previous @xperiments described, the numbers of aninals
Vaecinaﬁed vere wvelatively smell, the largest batch of vaccine pre-
pared at eny one time by the author bheing only 500 doses. This
guantity of lawxvae could be cultured falrly easily on é laboratory
scale.lonsiderable work was involved in adapiing the process fow
commercial use and this trial was desigoed largely to test two factors:

1) The safebty of the vaccine under a wide range of
farming husbandry sund vnder the albtered conditions
of factory production.

2) 'The practicability of factory production, packing and
transport. '
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finteriols and Methods.

The cai%es were Lrom most of the comwon British breeds of
both déiry-and beef types. A8 belore the farmers, who had all
been contacted through their own veterinary surgeons, were ing-—
tructed to keep the calves indoors untll after the completion
of vaccination. The vaccine was contsined in 30 md. hottléa in
cardboard boxes of 12. BLighteen such béxes were crated in wood
with one of three types of packing nmaterial, wood-wool, straw,
ox co&k, cach together with several polyihene ice-bags. The
crates vere always gent by night-traein from London and were coll-
ectod from Glasgow Central sﬁaﬁion at 6.00 a.me ALl crates wvere
opencd and 10 temperature measurements were made of the vaceine
in dlffevent parts of the crate. The temperatures were within
the venge 6 to 109C., irrespective of the packing material used,
and this vange was deemed quite sabisfactory. Iarval counis and
viability checks were performed on approximately 5% of the vials,

randomly selected, from each crate and were also satisfactory.

Ixperinental procedure.

The 204 farms selected had a history of past severe parasitic
bronchitis. The calves were vaccinated twice. Tor practical reasons
the vaceine interval was veduced from 42 4o 28 days. AlL favms were
vigited on averege once evexry moath within the expewvimental period.

As ghtated above, routine facces sampling was not peviformed.

1958 wag a year in which there was a widespread high incidence
of porasitice bronchitis. Despibe this, however, thore was no major
breakdown in immunity where the ealvealhad been given two doses before

= being exposed to challenge.
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VMany of thege favme, especially in the Ayrshire and VWigbtowanshire
reglons, were free of parasitic bronchitis for the first time for
many years. Quite apart from the drop in morbidity and mortality,
the farmers reported reduced feeding bills since supplementary
fTeeding had been cut; calves did not wequire to be reared ox
ramoved indoors and animals couwld be left longer at pasture than

in previous years.

Discussion.

As this.exp@rimént wvas uncontrolled there vwag no way of so
guantifying the results that an acceptable degree of objectivity
counld be applied. Nor this reagoun the trial is only briefly
discusgged heve., lHowover, its primary object was to act as a
gafety test and it was very important both From this aspect and
fyrom the fact that it satisfactorily showed +that the vaccine was
capable of being produced and distributed on a scale large enough

for poseible commerclal manufactuie.

Barliey in this section of the thesis it was shown that s
high degree of immunity could be gained in lebovatory, paddock and
farm experiments. The work pregently under discussion was complementary
to {he previous resulits in that it dewonstrated the capsbility of

their being applied as a practical measure on a wide scalce.
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Ixperiment 7. A controlled pagture trial of the irradiated

larval vaccine uging two imnunising doses sgelnst o natural
challenge infechion.

Experiment 5 indicated that if a primary dose of vaccine
wag follovwed by a second doge given six weeks later, complete
protection againgt a heavy challenge resulted. The challenge
mighf be congidered an 'artificial' one in that the larvae were
administered ag a single large dose, although it is probable that
it provided a more severe test of resistance than if a similar

number of lawvvac was spread over gseveral days.

However, an opportunity arose to test the two dose procedure
under patural Tield conditions when a heavily infected pasture became
available. In the late summer and auntumn of 1958, %8 outbt of 40
calves on thig field had died of parapitic bronchitis; this
mortaiity rate is seldom seen under farm conditlons and it vas
through that thig peosture might glve a vigorous challenge to the
vaceine under natural conditions of ingestion of larvae; Desplte
the faeﬁ thet it was rather late in the geason, the f@llowiﬁg

experiment was carried out.

Uoterials and HMethods.

Calves: Ten Ayrshire calves of aboutb elght weeks of age were
uged. It had been gtandard practice throughout the parasitic project
to buy calves for experiment when under a week old -and to reax thenm
worm;frée until regquired. As the present trial was undertaken at
short notiée this could not be done, so the animals were bought from
commercial herds. We had, therefore, only the farmers' word that they

had not been in countact with grass or diseased stock.
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Nevertheless careful faecal exomination by the Daevnann
technique of each calf on three occasions prioxr to the commence-—

ment of the experiment revealed no evidence of lungworm larvae,

Pagtures This was four acreg of permanent pagture. MNuch
of the grass had alrecady been eaten off so ﬁhat conecentrate and
hay had to be supplied; each calf received 2 1lb. of rearing
concentrate each morning and 2 1b. of hay each evening.

Vaceines Wive of the ealves.were glven two dosea of vaccine
prepared by the author, There was an interval of 30 days between
dosing. Fach dose consisted of 1,000 third stage larvae which

had been subjeeted to 40,000 roeutgens of X-raoys.

Paragitology: MNModified McMaster and gtandard sine flotation,

Baermann and worm counting methods were used.

On. the 20th October the lﬁ calves were turned out to grage
on the infected pasture 20 deys alter the vaceinates had recelved
their second dose. Respiratory syapitoms were noticed 15 days later
and one control calf died on the 18th day Cfrom severe pre-patent
hugk. A portion of one lung was Baermamnised and 265 inmature adult
lungworng were recovered together with an approximately egual number
of early Tifth stage forms. Many more were seen on histologleal
exounination, which alpo revealed severe pulmonary oedems and hyaline
membrane formation, i.ef the typical lesion of the severe pre-patent
stage of the digease.

Betueen the 18th and 20th day on pasture the nean respiratory
rates of both groups had risen %o 65 per minute. (Graph 1). That of

the vaccinate groups then began to Tall and by day 47 the vaccinate
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negn rate was 4% while the controls reached a peak of 83 per

minute.

The vaccinates were not observed to excrebte larvae in their
faeces at an& time during the experiment. On the 30th déy two of
the Tour surviving controls had counts of 200 and 400 larvae pei
gram, vespectively, and on the 44th day the grouplmean rose 4o
500 per gram (Table I): One control remained apparentiy uninfected

throunghout.

The ecalves were killed 50 days alter béiag put on the pasture
and the vorms in their lungs were counted; the results are shown
in Table IX. MNature worms were not found in the Vaccinates wheread
the controls had a mean burden of 442, Immafuré vorms were found

in btwo of the wvaccinates.

Over the whole trial there was a mean velght gain of 58% in
the vaccinates against 58% in the controls: in the final four weeks

the former gained 9% and the latter 0.7%.

,Qgggyéﬂion. |

. One difference between this double vaccine experiment and that
deacribed ass experviment 5 was that the present challenge infection
was 'naturalt', l.e. it wag established by the intake of larvae from
gwé&s over a period. Thig challenge, however, must have come goon
affter the calves were turned out as one died in the prepatent phaseoon
the 18th day; this death is compatible with a wmasgsive infection in
the firet fevw days. The mojority of the calves were veacting
clinically in the third week and thig algo indicates eayly ingestion

of infective larvae.
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Four acves is o falrly 1&?@6 fiecld for 10 calves and it is quite
posgible that there was 2 considerable quantitative variation in
larval intake, particularly in view of the supplementary feeding
vequived., Nevertheless it seems unlikely that control ealf. 2,
wvhich had unocither larvae in its faeces nor adults or imwmature forma
in its lungs, failed to ingest infective larvae. It is possible
that 1t had some immunity from the start since, as explained above,

the detailed history of esch snimal was not known Ffor certain.

The immaﬁure worms found in two of the vaccinates may have
repulted from ingestion of larvae late in the experiment but 1t is
wove reasonable to conclude, from the facts already oubtlined,that
they were pickéd.up soon after the calves went out and that inhibition
of development occurved. Inhibition arises from an appropriate
balance hetween the degree of immunity posseszed by the individual
and the size of the infecting dome; 1t has been well documented
cxpevimentally in Nippogtrongylus murig infections ( Paliaferro and
Sorles, 19%9). This phenbmengﬁ has been noted after challenge of
calves vaccinated by 2 single dose of ixfadiated larvae but not when
double vaccination has been followed by a high (10,000 lazvae)
challenge (experiment 5). It is therefore likely that calves T and 10,
whose lungs contained immaturg worms, ingested a very large number of
infective layvae. This is substantiated by the clinical findings. It
hag been noticed regularly, as in expeviment %, that when vaccinated
aninalg are expoged to heavy lnfectlions there is a short sherp rise
in respivatory rate. This iz due to some laryvae veaching the lungs
hut soon dying there; it will be amplified in Part Iil. The degen~
evating worms set up & marked eosinophil leukocyte reaction which

leads to some bronchial plugging and alveolawr collapse.
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This usually passes off gquickly and the calves return to normal.
Severel faxmers involved in the field trisls thought that husk was
about %o break out in vaceinated calven but had their fears allayed

within a week.

A wegpiratory response of this type was obscrved in vaccinabed
calven 7 and 10, whose respirvatory rates suddenly incressed to 110
and 85 per minube, respectlvely, during the third week on pasiure.
One of the other three vaccinated calves, number 8, showved a moderate

and travsient respiratory increase at this time.

A Tactor which might be of considerable importance in the
~development af’adequate innmunity is the interval beﬁween the vaceine
doses. Serological studies of complement fixing sntibodies (and it
should be noted that these do not necessarily cérrespond with the
abgolute level of immunity possessed by an animal) indicate that the
highest titre is reached 100 days after primery infection of the
susceptible ealf (Jarrett, Jennings, Uelntyre, Mulligen, Thomas and
Urguhart 1959). Subsequent re-infections ave associated with a
secondary wresponse which reaghe& a peak after aboubt 14 days. Tuo
dogsea of irradiated larvae with a six-week interval between do not
thengelves give rise to a high level of complement fixing antibody,
but the pattern after challenge is that of a full secondary vegponse.
In the controlled dosage challenge experiment with double vaceination
(experiment 5) an interval of 42 days was decided upon, whereas in the
present experiment the peasonal time factor necessitated the second

dose of vacecine béing given 30 days aflter the first.
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It ie iwmpossible so far to dvaw a Tinal conclusion sg to the
optimum time intervalibetween vaccine doses as this could be done
only wvhen. a uniform ehallengé dose is employed against calves twlce
vacclnated at different intervals. It is often necessary on
individual farms to use the shorter time interval of the present
experiment and it was encouraging to note that it appesred to be

agsociated with considerable protection.

In experiment %, where a'similar type of paddock srial wam
deséribéd using Eing"e'vac@inatiou, one significant difference
between vaccinobtes and controls was thelir fTaccal layval oubpubs.
This difference was even move marked in the present case since the
voccinates did not have larvae in their faeces on any of the six days
on which exsminations were made. On the farm this wouwld have two
main congequences: Lirvst, the overall pasture_level of infective
larvae would be reduced and in areas where over-wintering of larvae
on the pasture oceurs it is posgible that ons of the maln gources of
nev ouwtbreasks would be reduced; gecondly, the bulld-up of infection
by auwtumn calves in the spring would be markedly lowered and the
suegceptible gpring calves would not be exposed to the high levels of
infection which often cause severe outbresks where mixed-age grazing

i8 pracitisecd.

To the farming industry the total cost of parssitic brounchitis
is made wp of a number of components including mortality, extra feeding,
veterinery expenses and the lowered growth rate of many affected aninals,
The latter is often obvious for many months after the acute stage of
the disease has passed. The benefit of wvaccination in the last respect

was underlined in this expoeriment by the fact that in the final four
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wecks the vaccinabtes gained a mean of 9% of their body weight
! L ’

repregenting about 16.5 Llbg. each, while the surviving controls

goined only 0.7%.
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Table I. Group mean faecnl counts in larvee per grau,

Nunber of days the
calves had been on Vacciunates Gontrols
the infected pasture.

[}

30 0 162
25 0 275
37 0 188
40 0 . 287
44 0 500
AQ ¢ S 412

Pable fi. Individual worm counts at post nmovtem.

Jalf Group Number of mature Nuwnber of immature

\ ond magber WOT e adult worms
‘ Controla
| i 1,250 0
‘ 2 Q 0
3 367 O
4 150 0
H¥ 0 265
Vaccinates
6 0 0
7 0 70
a 0 O
9 0 0
10 0 55

% Died alfter 18 days on pasture. 265
immature adults and approximately 250
early fifth stage Tforms recovered from
Baermann examination of ome diaphrag-
matic lobe only.
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SUMMARY OF PART IT

Experiment 1. Longevity tesis on wbarvegted First and

third stage D., viviparug lavvee indicsted that storage of lavvae

o

n fasces was not a practical and weliable technigque.,

ol

Dxpeoriment 2. Longevity teste on havvegted third stage lorvae

gtored in eight differvent media at vavrying tewpevatures, indicated
that the control solubtlon of (lasgovw tap water (GTY) prescrved the
larvae approximately as well alter 28 days at © to 4°0. as did
phosphate buffor solution; Tyrode's solution, Darle's soluiion
and GTW with added antibiotics. GTW ('neat') wos therefore chosen

ag the medium for all larvel hendling procedures.

seotlon Jl. (411 the experiments in thig section carrvy
their own discussion, vhich is cumulative
Lrom one to another.j

Bxperiment 3. A small-scale pasture trial of a paragitic

bronchitls vacceine is described. The vaccine was made by subjecting
third stage infective larvae of D. vivipaiug to 40,000 roentgens of
Joniging vadiation from an X-ray source. A single doge of 1,000
larvee, so attenuvated, was given to each of 15 celves with
appropriate econtrols. A considerable degree of protection was
conferred on the vaccinates ag assessed by celinical and pathological

Findings, mortslity, morbidity, faecal larvel counis and worm burdens.

Lxperiment 4. A larger scale trial, using & single dose of
gimilarly irradiated larvae was carried out on 40 farms on each of
which only half of the cglves at risk were vaccinated. A total ol

531 calves recelved vaccine and there were $91L controls.
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Clinically appreciable parasitic pneumonie occuried oun six of
the Ffarms with a morbidity of 6% in the vaccinabes and 62% in
the controls. This was o result highly significant in the

vaceine's Favour,

Lxperinent 5.  There were indicatlons on theoretical and

practical gounds that the immunity confexred by 2o single dose
of 1,000 irradiated larvae might not stand up Ho either an
wsually high challenge or to a modal challenge coming too
goon after vaccination. Accordingly, o proceduve of double
vace cination waa'&pplied against the high challenge level of

10,000 infective larvae. The vaceine was given to three groups
bt P

of calves in two domes; all calves were given 1,000 irradiated

o

&

larvae o8 the fivet dose and 4,000, 2,000, and 1,000 respectively

as the second dose. A Ffourth group of calves received a single

vaceine dose. All the twice vaccinsted calves were completel
P ¥

sistant bo infection on challenge wilth the 10,000 Lorvas. The

2
o -
o

N

gingle vaceine group and the controls were heavily iufected, The
challenge was nevertheless not high enough to differentiate the

three double-doged groups.

+

Bxperiment 6.  This is a briel description’ of a large~scale

fleld trial using two vaceinating doses ofli,OGQ lawrvae. In this

experinent the vaccine waé not prepared by the author. 4811 of over
8,000 calves on 204 faxwmg received the course of vaccine. Uhe trial |
vos designed largely to test two factors,

l. The safety of the vaccine under a wide yange of Layrming
conditions. '

2+ The practicability of Lfactory production, packing and
trangport.
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This was partly a test of the scaling up procedure
involved in adapiting the process 0 possible comn-
eyeial production. :

From thig viewpoint and that of preveanting the disease, the tirial

was v&ry»satigfaetory although criticisms of its objeciivity are

disoussed. ‘

@g@erima&t 7. - An opportunity arose to test thé'procedure

of double vaccination against a natural challenge of great magnitude.
Two groups of calves, one appropriately vaccinabed, were put to

graze on o pasture -on which a severe epizaotic df parasitic bronchitis
had recently occurred. Theve W&Si& marked difference in clinical
signg, faeéal larval oulpuis (ali:the vaccinéﬁes vere Mcwasfér
néga%ive throughout), worm ﬁurdens (ﬁhé”vaeeinates contained no

adults at poSt«mortém),-gﬁowﬁh rabes and mortelity in favour of

the vacclunated group.
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Figure 1. Infective third stage larva of Dictyocaulua vivlparus
shoving double cuticulor sheathp owning oeoopha”al
gland and terminal excretory pore. I 650.

Calf vlth severe patent parasitic bronchi tl uing
in the typical 'air-hunger* position.
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? " Opened bronchi from a fatal case of patent
parasitic bronchitis. Several hundred
D. ViViparus adults are present in the
lumena. X [T
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PaAaR®T I I X

Section L

Introdugiion

The preceding part of this thesis described the development

of a vaccine against hhe pneunonia caused. by Dxctyooaulus

viviparugs. 1In 1957 Jarretn, MeIntyre and Urqubexrt described
the eourse of events cauéed by infection éf calves with normal
infective larvae of this pavagite; this information on the
patho QnGSLS of the disease was obtained by killing @?ﬁeriment-
ally infected calves at Tfairly close intervals. During the
development of the vacgine; duec to the nature of the experiments,
a similay %echnigue could not be applied and the changes produced
counld only be studled at a fairly late stages therefore, only
teutative hypo%héseg could.be advanced as to the wmode of action
of and bissue reactions to the vacciane. The @xperimenta‘r@ported
in this section were designed to obivaln move detalls of these
changes and of the reaction of %hevimmune hoes to e =infection.
Thi@ work i described Jﬂ two papers: dJdJarveti, Melatyre and Sharp
(1962) and Jarrett and Sharp (1963). .
Blsousa¢an of these three exper¢mencﬁ is post pened until each
.

has heen separ&ooly @eserlbed bccavre their implications ave so

logely correlaﬁed.
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Iperiment 8. The relatlive distribution of normal snd irrvadiated

Do wiviparus laxvae present ln the lungs of celves at variousg
Gimeg after infection.

Hatoxials and Methods.

The methods of culturing the larvae, irvadiating them and
administering them to artificially raised worm=-fwee calves were

gimilay to those used previously (vide technical appendix).

The procedure for recovering larvae from lungs, which is
described below, was adopted only after extensive experimnents
had been made in recovering larvae from calves given ¢ wide range
of larval dosage; Lor the pregent purpose acid and engyuatlic
digestion techniques vere not found to be superior. The method
uged was as follows. The calfl was shot with a capitive bolt pighol
and the throat was cut t0 include the oesophagus and {trachesa;
this wan sueccesslful. in preventing the ruminél convents Lyrom being
agpiprated into the bronchial system. The work bench was warmed
and kepb near body temperature with g hot water hose., Two libres
of normal saline at 57QG. were put into a bucket on which the wairm
haﬁe was playing. The lungs were vemoved from the body and cud
into theiy seven lobes and each lobe was opened down Ho the suellest
bronchioles using f£ine probe poiﬁﬁed‘sciﬁﬁ@ra. The Jobe wvas then
shaken and massaged in the saline and immersed in 1% for two %o
three hours, the surface with the opened bronchi bedng placed
Lacing dovn; during this time the bucket vas kept in a warm room
at 2509, The saline was then poured insoe 2 Baermam fuunnel. Bach
bvronchus was washed with one litre of water to which 10 gm. of salt

had been added snd this Tluid was pouved into the original funnel.
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Table 1. A Comparison between the VWorms found in the Tungs
of Calves Given Normal Tarvae and Those Given Irv—
adiated Larvae.

Days Normal Iarvae frradiated Iarvae
after Number females Fumbew Temele: male
infection. recovered.male ratio. recovered. ratio.

1 0 - 0 -

2 0 - Q -

3 0 - 0 -

4 0 - 0 -

P 0 - 0 -

7 5 - T -

9 181 8:2 65 9:1
11 372 624 20% 8:2
1% 608 5:5 2% 3:2
15 535 535 54 9:1
17 288 535 4% 931
25 181 5:5 14 10:0
35 251 5:5 0 -




Graph 1.

The welative digtribution of normal aud irradiated larvae.
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Hunmerical comparison between the worms recovered al
differvent days after infection. The pictoriel insert
shows a typical size comparlson between a 135 day nor—
mal early-~fifth-stage female worm and its irradiated
contemporary. X1LO. '
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Txpevimcnt Q. ihe pathogenesis of the lepions in calven
ultlnp from the aduinistration of 1rradlated D.vwvxparus
lafvwe.

This was designoed to study the histological reactions to the
larvae ag they matured in the lymph nodes and lungs. Part of the
naterial for this was obtained from the previous experiment bub
the numbers of tissue blocks which could be taken there wag
limited by the fact that the main date required were quantitative.
In order to meke a more detailed qualitative study calves in this
experiment were given irradiated larvae and successively killed,
and all the pulmonaxy tlssue was available for histological

examination.

Materials and Methods.

The celven werce reared worm free as in previous experiments.
Laxvee wvere gimilarly X-ivradiated at 40,000 roentgens. Each calf
was killed by shoctiﬁg and at necropsy approxinately 100 tissue
blocks were taken from the lungs and 100 from the megenteric nodes
in each cage, Fixation was by formol-gublimate; the blocks were
dehydrated and cleared in an alcohol-amyl acetate~benzene series
under reducéé ailr pressure. Pavaifin emhedding under reduced pregsure
was also employed. Routine gtaining wes by haemslum and eosing
other methods used for speclial purposes were picro-Mallory, periodie
‘ acid-gehif€, Feulgew, phosphotungstic acid-hacmatorylin, ecavbol
chromotrope, Welgert's Ffibrin atama and pywoninpmethyﬁ greei.

In selecting blocks, an attempt was made to incorporate a1l of

the pain broncho-pulmonary units; lobeg were labelled separatel
P ¥y

but as there were no obvious predilection sites refervences o
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individual lobes have not been made in the text. Siwilarly, the

megenteric lymph node blocks were labelled as to pogition.

Ixperimental Procedure.

One thousand irvadiated larvae were given as a'single dose
B0 each of elght calves, which were then killed in pairs on post-
infection daye 3,7,14 and 21. As it was not known if histological
methods would locate such very small numbers of lavrvae in the
relat;vely great volume of the calf's lung, further calves vere
given much larger single doses as followss Four received 50,000
irvradiated larvae and were killed 3,5,7 and 11 days later; bwo moré
calveg were given 250,000 irradiated larvae while two controls
regeived 250,000 normel larvac; all four were killed on day To

The experimental design is shown in Table Il.

Table I1. Design of Experiment 9.

Day of ]
Expt. 0 9 5 T 13 14 - 21
8 calves; each
nos. 27~54 reeceived
1,000 Nos. Hose. Nos, Nos,
irrad. 27&28 298350 F1&52 BB&B4
Tarvae  killed. killed. killed killed
4 calves; each '
, o recelved: - :
20832538 50,000 fo. * No. o No.
: Tvrad. 55 56 LY} " 38

Larvee ~ killed killed killed killed

2 calves; each
. QR N
n0g,39840 Leceived L

¥

250,000 - Hos.
Irrad, 29840
. Laxvae killed
2 calves; oach L
o received
Rog41842 550 000 Nos.
Worinal. Al&42

Laxvae killed.
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Results. .

One and two days alfter infection.
No lesions were found in these ecplveg.

Three dayvg after infection.

Tegiong were present in the mesenteric nodes and the greatest
concentration was in the posterior group which 1lie iﬁ the general
vegion of the ileum, caecun and the first pavt of the colons They
consleted cssentially of small necrotic tracts surrounded by a narrov
gone of macrophages and cosinophll leoukocytes; When cut longitudinally
they cextended from the outer cortex to the medulla. Live larvae
were not found in them but an oceasional tract, on gerisl seciion,
ghowed a dead larva which had logt ite staining affinity and which
vas gtructurally disintegrating.

Neither lesions nor larvae vere found in the lungs.

Pive days after infection.

The findings were esgentially similar to thoszat three days.

Pulnonary changes were abgent even in the 50,000 larvae infection.

Seven doays safter infection.

The legiong described above in the lymph nodes were well-marked
in these calves, especially those given 250,000 larvae; glant cells
and macrophages lay around the few disintegrating larvac meen,

Lulnonary lesions
1,000 larvae. OFf 170 pections exawined, only three

bod lesionas and these were of the type assoclated with the breakthrough
of lavvaoe into alveoli. (Pig.4). These foci uwsually involved four
oy five slveoli and in these were found Tibrin and some erythrocytes

from capillary haemorrhage.
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There was uvsually a small fibrinoid necrotic centre surrounded
by a light infiltration of neutrophils, eoginophils, macrophages
and one or two foreign-body type giant cells. Iaxrvae were present

in a propowtion of these lesions.

50,000 larvae. In addition to an incireased

number of breakthrough lesions, two bronchi contained a larva and

thie was surrvounded by a light exudate of eosinophils.

250,000 larvae. Two of the four calves in this

group were given normal larvee for comparison of lesions as this
gize of infection at this stage had not been used in the earlier
vork. (Jarrett, Melntyre and Urquhart 1957). Wheveas in the 1,000
and 50,000 larvae infections described above there were no visible
changes at post mortem, in the present calves there vere mauy areas
of lobular collapse scatbbtered over all lobes. These were especially
well-mayked around the subsegmental bronchl. There was also sub-
pleural emphysema which was present in greatest amount on the
surfaces of the posterior part of the dlephragmatic lobes. The

broncho-mediastinal nodes were obviously enlerged and oedemsitous.

There wag no difference in zppearance between the calves which
had been given novmal and those which had been given irvediated
lovvae. Microscopically, in one of the twe normsl jinfectiong larvae
were found wilth ease in almost every section; most were situated in
the bronchi and some were found in the traches. There was an
'ehvicn& increase in eosinophils ia the bronchial lamina propria and

they could be seen migrating between the epithelial cells in large

nunbhers.
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An eosinophil infiltraste was also present in ‘the interiobular
and peribronchial septal tissues and the latter were often
oedematous. In the other cealf, larvae could easily be Ffound
in the brounchi but they were not present in such great numbers.
The alveclayr reactiong wvere very much move marked in this snimal,
brealtthrough lesions being present in alwost every sectlon. It
vas obvious that this infection had not progressed as far as the
fivrate.

In the calves glven lrradiated larvae the pieture was quite
adifforent in three respects.
Tirat, although many normal breakthrough lesiong vere found, a
large number showed a more marked eosinophil infilbrate in them.
Secondly, there was a large number of leslong which represent the
FPirst stage in a process vhich results in what will be called the
lympho-reticular broncho-ocelusive lesion:. (L.B.L.) and which is
discussed iﬁ detvail later. In lesions of this firét stage, the
componenis from within outwards asve:

1. An immobilised, dying or dead pavasite in the lumen and

uswally in direet contact with the epitheliuwm (figs. 5 and 6).

2. Vhen the parasite is intact, has Jjuat pitarted to lose

its sgtailning affinity ovr is mildly demsged structurally,

the epitheliuvm with which it 1ls in contact may show

bizarre hyperplasia (fig. 7) in which can be seen multbi-

nucleatod and hyperplastic cells which have lost their normal

polarity in the epithelisl sheet.

3. The lamina propria is usually increaged in thickness

empecially in the lavger bronchioles and bronchl and in



7.

addition to an infilirate of eoginophils shows
maltiplication of the reticulum cells and swelling

of endothelial cells (fig 7).

4. VUhen the epithelium is ulcerated, fine granvlomaitous .
tissue con be geen growing out of the lamina proprisa
into the eosinophll exudate survounding the dead ox
dying parasite, (fig.8). These lesgions teke up a much

larger part of the lobe then doeg a normal bronchiole.

The third point of difference bebtween the lungs of the calves
receiving irradiasted lavvae and thosge receiving normal lavvae wasg
the considerable difficulty in finding living larvaee in the bronchi
compared to the case with which thig could be done in the normal

infections,

In the broncho-mediastinel lymph nodeg there was oedema of the
hiley area and infiltration of eosinophils into" ity these were
concentrated particularly around the small blood vesgsels and
oxtended with them into the substance of the lymph nodes. The

cortices of the nodes showed increased activity of the germinal

follicles, thickening of the cortical layer and an incwrease in the
number of immapture plasma cells in the medullary cords. The medullae
showed hyperirophy and hypevplasia of the sinus cells. In a few
cages disintegrating larvae were found surrounded by a foreign-

hody wreaction.

O daye aftber infection.

L =ler

1,000 larvae. There were no significant

gualitative differences from the day T infeetion although there

were more breskthrough lesious.
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50,000 larvae. Many breakthrough lesions

_W@re,prGSGnt a8 well as occagional larvae in bronchi and
bronechloles surrounded by exudates of eosinophils. There was

no obvious alveolar collapoe associated with these lesions.

11 and 135 days alter iunfection.

Ag thege show merely a transition between the 9 and 14 day
infections and since the latter were studied in congiderably
sreater detall no further description of these two cages will

be given,

&4 days after infechion.

At necropsy in one case a few collapsed lobules wore obvious
while in the other this lesion was more marked anﬁ dark red
partially collapsed lobules were found, particularly in the
dlaphragnatic lobes. Mieropcopically, in the Lfirst case, no
larvee were found but the areas of alveolar collapse were
asgociated with ocelusion of the related bronchioles by plugs of
disintegrating eosinephil leukoeytes (fig. 9). The epithelium

R

of these bronchicles was intact and me”LaB.La's were geen. The
eosinophil exudate extended in mome cases to the respiratory
bronchiole but seldom below this level. In other words, there
was no pneumonis present but merely alveolar collapse distal o
Cplugged bronchioles. There was no gualitative difference in the
legionsg in the second case but there were more of them and o few

of the brounechi contained living larvae.

In the bronchial nodes, the germinel centres were very

obvious with an apparent depletion of cells between them.




99.

The peticulum cells of the sinuses of the medulla were very
prominent and there was again marked oedema and eosinophil

infiltration of the hilay commective tissue and trabeculae.

15 daye afver infection.

In this calf, very Tew legloung were found and these consisted

of bronchioles plugged with dead eosinophil leukoeytes.

L7 days after infection,

This represents an intermediate sbage between the 14 and

21 day infections.

;gg daysg aft@x infeeﬁien.
&t vedéropsy, only an occasional lobule of collapse could be
found. In addition to these, a few Llobules showed a cenitral grey
‘nedule of pbout 2 mm. diameter which on pressure yielded a swall
green plug, (fig. 10). MNost of these were obviously developed
Trom the broncho~occlugive lesions described eariier and showed
a central dead larva surrounded by o focus which sometimes contained
epltheliunm but sometimes did not and of wluich the main feature was
éhe maltiplication of retviculumn cells, haemwnytcblamt%xand the
presence of immature plasme cells; the increase in mumbey of these
célls had begun o obliterate the architecture of the affected
"bronchiole. One lesglon was found in which the worms had reached
young adult stage before dying and there was disyuption of the
epilthelium, growth of young connective tisvsue and‘proliferation
of reticulun cells and haemocytoblasts, many of which had pyro-
ninophilic cytoplasm. Both of these lesions had the appearance of

o developing antibody-producing site.
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Apart Lrom these few localised nodules theve were gsome
Llobules which represented a resolubtion of the l4-day piecture,
i.0. fever eosminophils in the bronchi and bronchioles and re-

expanding lobules with a general vegresslon of exudative reacivion.

25 ddys after infection.

This wag very similar to the 21 day infection,

55 _doye after infeebion.

In this casge there was no evidence of bronchlolar plugging
or alveolar collapse. A few L.B.L. Jlesions were gseen macroscopically
pnd were exemined histologically (fig. 11). These showed a further
exinengion of the'development of this lesion and conglgted of a central
dead éoainoghilie larva survovnded by tissue indistinguishable from
lymph nodal tigsue (fig. 12). Germlual centves were present and
these and thelr surrounding lymphooytes and plesma cclls obsecured
the normal bronchiolar structure almost completely. Fragments of
bronchiolar muscle couwld be founé among the lynphoid aggregates.
These legiong occupied wup Ho T70% of the area of the lobule. Wo

living peragites were found in the gections.
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Bxperiment 10. The pathogenesis of the lesions of re-infection

with D. viviparus in calves previously given tuo

doges of elther ivradisted ov wvorual larvae.

The genevel design of this experiment was. to follow o
double vacclnaition procedure similar to that described earlier
fovr jmmunising calves and then to challenge them with a falyly
heavy infeetian; the course of that infection was then investigated
by killing the calves at intervals. An identical group was given
normal larvae at cach vaccine time to compare this treatment with
the former.

Material aud lethods.

Thepe were the same ag thoge of the previous expoewinent.

Bapevinental Procedure.

The nunbew of larvee in each lmmunising dose wasg 1,000 fox
both groups. Thoge given to the 'iyvwadiated' group had been
subjected to 40,000 voentgens ag before. The fliwst dose was
siven on dey 0, +the second on day 42, and the challenge, of
lO,QOO_nermal infective larvae, on day 93._10ne paiy of calves

from each group was killed on the %rd, Tth, l4th and 2lst day

after challenge.

Regulle.

Before deseribling the resultg in detall, two general points
can he mede to evold repetition., In all of the calves previously
given normal larvae, as would be expected, lesions of the late
ghage of wncomplicated pavasitle bronchitlis were found; these
have been described previouvusly by Jexrvett, Meintyre and Urqubhart

(1957).
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Other lesions common bto animals of both groups were well

developed lymphoreticular nodules as described in experiment
93 these pregumably were derived from the second infection
in the cage of the group having normal larvae and Ffrom both
infections in the group having irvrediated larvae. They woere

few in number and were selected macrogsecopiecally al necropsy.

5 Boye aiter infection.
Wormal larvae. At post mortem, the lungs

of one of the c¢alves showed occagional, and the other widespread,
lesions of old pavasitic bronchitis. HMNicroscopically, apart from
the 014 lesions most sections shoved a little deviation from
normal; one contained a very large lymphoid nodule Fforming around
a dead adult worm. ‘“here was no evidence of the challenge

infection having reached the lungs.

Irradiated larvae. Apart from a Ffow grey-
pdnic léﬁ@;l—sized broncho~occlusive lesions scattered throughoutb
‘the subgtance, thesge lungs were normal, mceroapcopically and

miciroscopically.

7 daye alfter infection.
Norxmal laxvae. At necropsy the lungs from

both calves were aboub one-~third consolidated. In the Lirst, the
leslong were digtiributed widely in both diaphragmatic lobhes and the
main bronchi contained much partially insplssated green pus. No
wvormng wvere found in this case. The lungs of the second calf were
enlerged in volume, mainly due to the emphysema which was pvresent on

the under-gide of the diaphragmatic lobes. Hoth apical and cardiac

lobes were almost completely congolidated. When these lungs were
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dissected the distribubtion of lesions was seen to bhe of the
usual pattern with the majority of the consolidated lobules
lying inmmediately around the segmental bronchi.

irradisted larvae. These lungs vere identical

with thoge from the three day infections.

Microscoyi¢ally, both.7~day groups had similar appearances.
There were many breskthrough lesions in alveoli, as described under
experiment 9, but the cosinophil infiltration was of a more
intense degree. Larvae had reached some of the small bronchioleg
and epithelial hyperplasia and necrogis as described above (L.B.L.)
were prominent (fig. 13). Near these lesions there was heavy
@osinophii infiltration into the sephtal tissues and a similar
infiltration was very marked in the hilar and trabeculsr areas

of the broncho~mediastinal lymph nodes.

14 dava after infection.

Noxrmal larvae. The macroscopic appearance

of thege lungs was the pame asg in the T-day infections; in one,
12 adult wormg were found, eight being female and four male.

Irradiated larvae. There was no counsolidation

in eltheyr of these cases. HNoduleg of the L.B.0L. btype were présent
over the surface of both diaphragmatic lobes, (fig. 14) and on +the
ventral surface of these lobes were several green translucent
plaque-like areas, 1.0 ¥ 0.% cm. in gize, located subpleurally.

Viorms were not found in eithor of these calves.

The higtological findings were the same in both groups, and
the type reaction in these cages wasg the niddle stage of the
development of the lymphorebticular broncho=occlusive lesion. ‘The

dead worm in these lesions wag situated centrally and this was
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surrounded by giant cells, some of which ﬁefe of the megenchymal
foreign-body type, while others obviously consisted of residual
areas of hyperplagtic bronchiolar epithelium. Immediately

external to this was a zone in which there was a mixture of
eoslinophils, prbliferating endothelial cells, macrophages,

immature plasma cells, pyrouninophilic haemocytoblasts aﬁ& reticulum
cells. Bxternal to this was a béﬂﬁ of lymphocytes and plasma cells
with the beginning of germinél centre formabtion, These lesions
were quite numeious throughout the sections and occupied from a half
t0 o third of the avea of the lobular cross-section. The broncho-
nediastinal lymph nodes showed eosinophil infiltration particularly
in theiv hilay areas and dead larvee were not uncommomn in the
cortices. Thege were surrounded by glant cells and eayly fibrosis.

21 days ofter infection. ‘
Normal larvae. The lungs of one calfl showed

o fow geattered areas of lobular collespme and a few small patches
of intvergtitisl emphysema. Grey-pink milisry nodules were pregent
- on the surfgce and in the substance of the lungs. The second calf
had about one-third of its lungs consolidated, the affected aveas
beiung largely in the midsvanfral seguents of the diaphragmatic
lobes and in the intermediate lobes, Numerous L.B.5L. nodules were
pregent throughout the lungs. One adult female worm was found in
2 bronchus. An attespt was made in these cases Lo tease larvae
out of the new L.B.L.‘noduleﬁ for examination, but this vas
unguceesstul. |

Irradiated larvae. One cal¥ showed a few

seattered aveas of individual lobule collapse, Many T.B.L. nodules
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vere present subpleurally and throughout the substance (£iz.15).
Thig vas especially movked in the cardiac lobes. The other
calf bad aveas of collapse in the posterio~ventral segment of
both diaphragnatic lobes. Many L.B.L. nodules were present
throughout the lﬁng@'and several snall bronchi had plugs of

green pug. No worms were found in either of these calves.

Microscopically, all of these lungs showed a similay
appeavance and the type lesion was agsin the development of
lymphoreticulay nodules. A% tﬁis stage, wost of the eosinophil
and giant cell reaction sround the worms had éisappeared and the
vhole area had taken on the appearance of lymph nodal tissue
with a centrally placed larva. Germinal cenlres were well—
developed and some of these nodules had the appeavance of

lobulation (£fig. 16).
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DIBCUSBION,

The original objeet in ivreadiating larvae was to attenuate
them so that they would not be pathogenic bub would still be sble
to stimulate an immune vesponse which would be capable of
protecting the host against the naturally oceurring disease.

In the field the latter is associated with the pulmonsry part

of the helminth's 1life eyele; the commoner form of the condition
is & brounchitis and pneumonis caused by sexuaily mature adult
worns but meny fatal cases are assoclated wi%h‘heavy burdens of
fifth stage lervae (Jarrvett, Jennings, MeIntyre, Mulligan, Sharp
and Urguhart 1960).

Ve had gpeculated that the mesenteric nodes might be a site
of protective antibody Formation and our original intention was
to prepsre a vaccine the larvae of which would not progress Lfurther
thaﬁ this. It was obvious, howeveér, from the mild and transient
clinical gigns seen during the immunising perioed (Jarrett, Jennings,
Melntyre, Mulligan, Sharp and Urguhart 19%9) thet some larvee vere
reachlng the 1ungé. The vresults wvecorded above give gome indication
of the fate of the sttenuated larvae and of the host's reaction to
them.

From Toble 1 of experiment &, it will be geen that the lavvae
gtarted bto appear in the lungs seven days after dosing and that the
highest number in "normal' infections occurred at the 135-15 day
peviod. The count then fell to about 250 and {this watio of
infeobing doge to final worm burden of gpproximately l:d is the

general rule under our experimental conditionsg.
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It is possible that these larvae which migrete into the large
bronchi and trachea while they, the larvee, are still small, ave
washed out by the mucus snd cilia and this may account for the
drop in numbers noted; (if, during latter helf of the prepatent
period, calves ave killed and scrapings of tracheal mucus made
almogt immediately, mauny. active larvae can be found even in the

upper half of the trachea).

Tn the irradiated group the ﬁigheat larval count recorded
was 20% so it appears that the'majority either did not reach the
lungs or were quickly expelied if they did., The histological
evidence is in favour of the former view, This maximum count
wag recorded 11 days after infection and it is interesting that,
ag recorded eavlier, the peak clinical reaction is Tound to occur
a little later. The histological findings probably explain thisg;
the cliniecal sigus, of which tachypnoea is the most prominent, are
almost cerbtainly ceused by the areas of lobulsr collapse. These
latter are associated with plugging of the relateé-bronchioleé by
an exudate of eosinophils and this lesion vas most obvious ot
1.4 doys (fig. 10). The eoslinophils had dlssppeared shortly aifter
this and the consequent ve~cxpansion of the alveoli explainsg the
quick clinical resolution. I% should be emphasised that these
veactions, bothlclinieal and psathological, are very mild aud ave of

ne practical significance.

Also frow Table 1, it will be seen that the sex ratio of the
lung population resulting from the irradiated larvae is markedly
in favour of the females. This phenomenon has been obsexrved in the

survivorg of irradiated larvae 0f other parasites, e.g. H.contortus
&
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and T, colubriformisg, and it will be commented upon in

Part LV,

The exact fate of the irradisted larvae ig still uncertain.
. Dead larvae were found in the mesenteric nodes on histological
examination but this is in no yay qnantité%ive. Ve have
repeatedly attempted, both by wmaceration and by enzynsiic
digeation, o evolve a method by the use of which larvae could
be recovered from the megenterie nodes and which would yield
results capable of belng replicated and handled stabistically;
but although some larvae can be recovered the yield ip neither
large noy constant. The large volume of these nodes and theiw
structure are probably largely responsible for this and in this
resgpect the large domestic animals are inferior to the small
laboratory rodentbs which are more usually employed in parasito-

Jogical work.

The results show that the important immunogenic leyval stages
are prohably the fthird and fourth, but the maln antibody-producing
gite in the hoat eannot yet be definitely recognised. The nesenteric
nodes probably play a part but the marked hroncho-mediastinal lymph
node enlaygement alwa&s asgocinted with immunity in parasitic
bronchitis, and the concommitant increase in cells of the plasmg
cell series almost certeinly indicates the pavticipation of these
unodes. It im,lof course, likely that both the mesenteric and
thoracic nodes arve involved and, in the hyperimmane animal,
reactlons in the intestinel wall may even contribute. The
Tluoregcent antibody technique could well be used o explore

this Further.
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It is germane at this point to digress and congldexr the

life cycle of D. viviparug. Previous work (Jarrett, Melntyre

and Urguhart, 1957) had indicabed that larvae do wnot veach the
lung in any signifiéanﬁ number until the end of the firet weel
after infection and, as the firsh experiment in this Qection

sﬁows, they are by then at the fourth stage. louvres and

Tmckew (1958) and Poynter, Jones, Neison, Peacock, Robinson,
Silverman and Terry (1960) observed thet in the guinea pig, third
gbtage larvae could be found invthe lung withia 24 hours of doging,
and that the third moult took place in that oﬁgank Thisg experiment-
al gystem isg, of course, highly artificial»és the guinea pig is not
a normal host of the parasite. Nevertheless, very important
regulis have been obitained by its use; Douvres and lucker (1958)
gave a morphological description of the various stages of the
paragite, and Poynter, Jones, Nelaon, Peacock, Robinson, Silverman
and Teryy (i960) evolved o wethod of testing the invasivenegs of
novmal and irradiated larvae by uwiilising the guinea pig instead
of the much more expengive calf. We feél, however, that it is
dangerous to assume that the 1ife cycle in the bovine can be
adduced from the bhehaviour of the parvagite in the guinea pig.

Ve have been able to recover small numbers of third stage lervae
from calf lungs 24 hours after infection by giving very large
doges, but most of our findings indicate that this is not the
normel ¢ourse of events. Poyniter, Jones, Nelson, Peacock, Robinson,
Silverman and Terry (1960) gave doses of 200,000 larvae to calves
(4,000 lavvae is approximately a 25% lethal dose) and recovered a
range of from four to 5,225 larvae from the lungs of Individual

aninale in the first three days after infectiong
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their mean recovery was four, 1,100 and 3,%48 on dayg 1,2

and 3 reaspectively, repregenting 0.00002%, 0.5% and 1.5
regpectively of the dose administered. They veach the conclusion
that in celves, the larvae Y"reach the lung where subﬂequent
development occurs and that they do not dwell ag fourth stage
laxvvee in the lyuph nodeg® yet in a calf killed by them 2 days
after infection, only 6 larvae were recovered from the lungs
and 5 from the nesenteric lymph nodes;in another 705 wewe found
in the lungs and 905 in the lymph nodes; it is neither stated
nox speculated upon where the rest ol the 200,000 larvae were.
It would appear at leagt possible that these workers, like
ourvgelves, have not yet found a wreliable and wvepeatable method
of reeovering larvae from the mesenteric lymph nodes of the

colt.

- By analogy, if we had obtained a propofﬁiomaﬁe recovery
of larvee Trom the lungs with the dose (1,000) uvsed, we showld
have had the expectation of finding C.5, and 15 larvae on the
firet three days, and we congider that such evidence in no way
leads to any alteration in the conception of the life cyele as
we have outlined it. 'The histological evideonce Trom hoth thig
and earlier wvork (Jarvett, Melntyre and Urquhart 1957) is also
very much in favour of the great majority of the larvae reaching

the lungs later then 1 week after infection.

Trom data presented, Poynter, Jones, Helson, Peacock,
Robinson, Silverman and Tervry (1960) slso reached the conclusion that
Wirvradiated larvae resched the lungs and no evidence of a mesenteric

lynph node hold up was seen',
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Thelr figures, after giving 200,000 irradiasted larvae, are as
follows: one day after infectlon, slx larvae were geen in the
Jungs and one in the mesenteric nodes; at two days after infection
three calves were examined and the respective figures foxr lungs and
nodes vere 1,480 and 50, 185 and 40, and 5 and Q; ot three doys
cne call had 105 and 0; al four days the findings in three calves
vere 255 and 5, 80 and Q, and 15 and 0. The combination of these
low percentage vecoveries from the lung and fallure o demongtirate
almost the whqle of the infectlng dose elsevhere leads one to doubt
very aerioungly vhether these small numberé reachling the lung in
the early part of the cyele pley any major part in the immmising
process, They give no data on any calves killed later in the

life eyele,

A guery that could be made L@ do the methods used preclude
the vecovery of larvae in the flrst few days after infection because
they might be trapped in foci of cellular or exudative reschtion in
the lungs? We failed to Lfind such foei histologlcally and we also
failed %o recover appreciébly larger numbers of larvae by macerating
or mincing the lung tissue and then subjecting it to trypsin and

pepsin digestion, which might have helped free {trapped larvae.

The sgecond main point to emerge Lfyom the experiments described
ig the development of lympho-reticular nodules ln the walls of bronchi
and bronchioles. Thege focl had the morphological charscterigtics of
antibody-producing sites and it may be asked, do they play any pavrt
in the formation of protective antibodies? This cannot be answered
definitely at the moment but they were not found in any great numbers

after the initial dose of irradiated larvae although they were
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present after the second dose. Ve know (Jarrett, Jennings,
Helntyre, Mulligan, Sharp and Urqubart 1959) thet two doses

of 1,000 larvae produce a much greater resisitance bo veinfection
than one dose 80 it is possible that these leslons mey play such
a part. It is equally possible tbthat the lncreased number seen
after the second dose merely wosulted from lawvae killed hy the
Jmmunity dexived from the fivet domge as this ig the typiecal
lealon seen when the immune host deals with invadiang larvae;

this 1s clearly shown in experiment 10. It ig also possible that
this is once of the sources of antibody to 'somatic'! antigens;
these nodules ave obviously in close contact with the disintegrating
bodles of the parasites andit could be hypothesised, pnrely
gpeculatively, that the irregular vesulis obtained in complement
fixation tests using 'comatic' antigens might be related o the
presence oy absenge of an appreciable number of such antibody-
producing sites. Yoynter, Jones, Welson, Peacock, Robinson,
Silverman and Terry (1960), Cornwell (1960).and ourselves have
each fognd that éhe expected secondary response in complement
Tixation tltre after the secoand dose of vaceine does not always
toke place, although the resistence to reinfeetion is much higher,
whereas a vise is almost invarviable after a challenging infection..
large numbers of lyupho-reticulay lesions are found after such a
challenge. Coxnwall (1960) suggested that the sevological response
was caused by the larvae vhich reached.the lungs and that in those
animals which did not show it the larvae had been stopped in the
mesenteric node, Trom ouyr wuork, it would appear that this is
partly true, but it seemg possible that in most capes lavvae do

reach the lungs and that those vhich become trapped in broncho-
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~pcelugive legions produce antibodies detectable by the 'somatic!
antigena. T4 must also he borne in mind, however, that we have
wvepeatedly found disintegrating lavvae in the bréﬂchOmmediasﬁinal
lymph nodes and this large volume of antibody-producing vissue
can bj no means be neglected as a possible source of ‘somatic’

antibodics.

What appesrs t0 he beyond doubt is that this 1é$ion i at
leapyv partially responsible for the Glinigal-signs seen when an
imoune animal is subjected to a high level of challenge and we have
encountered several casges of death in adult cows fro@ thig caunge
(Jarrett, Jenunings, Meinbtyre, Mulligen Sharp and Urquhart 1960).
Identical lesiong have been found in calves challonged after belng
protected with immune serum (Jarrett, Jennings, Mcintyr@; Mulligen
and Urguhart 1955) or with killed veeccine (Jarrett, Jennings, McIntyre,
Mulligan aad Ueguhort 1960) and in infected calves, the larvae in
whose lungs have beon killed by diethylcarbamazine (Javvett, Meintyre
and Shorp 1962) as is described in the next experiment. It would
appear that the common factor in all thege is the presence of dead
or injured larvae oy woxrms trapped in the alyr passages so that they
make conbact with the resplirvatory epitheliwnm, It iz not intended
to convey the impr@ssion that all layvae killed in the lungs are
dealt with in this way; most ave probably ghed via the air passages

and only these retained lead to this response.

Ve are very nuch awvere of the fact theat the data presented in
this section were obtained from single calves ox palvs of calves
killed at given pointg and that these data are not capable of

adequate statistical treatment for their practical evaluation.
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¥t should be said, however, ithat such work,‘carried out in
calves which have to be bought soan_aﬁﬁer birth and reayed
individually pavasite-free in isgolation, is very expensive

and that the technigues described, both histologlcal and
parasitological, ave extremely time consuming so that only

g small numbery of animals can be dealt with each day in the
reguired detall. The mogt that can be sald is that +the general
trond of the dats permite certaln limited and qualified con-
clugions to be made and that these add to the uvnderstonding

of ‘the mede of action of vaccineg of this type.
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St-s”

L

N/nwg 4.
the br#Bkthrou” lesion. A few alveoli containing
fibrin, foroign-body giant cello and leukocytes. 1 160.

iy

&1Bintegratlng parasite in bronchiolar lué*a. arly
bisarrs spitbslial bjperplasia. a 150.
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Fiwre 6.
Detail of figure S. Early bizarre epithelial hyper-
plastic response to disintegrating parasite. X 560.

N wm
figure 2' . . . . e .
~ Irregular hyperplasia of bronchial epitnerium, infiltration
with eosinophils, and activation of reticulum cells of
lamina propria. X 560.
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K

Fimire 6.
Ulcération of bronchlolar epithellua and early organ-
isation of exudate. XIS0.

%o

Fiioire 9.
Occlusion of undaaaged bronchiole by plug of degenerating
eosinophils, and associated partial collapse of lobule. X3
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Figure 10,
Development of bronoho-oocluelve lympbo-reticular
nodule. Centre of degenerating coelnophile eurr-
ounded by activated reticulum cells, hmeaocytoblaats,
plasma cells and cells of the lymphoid aeries. X 50.

-m m i

Flgiir. 11.
Further development of lympbo-reticular nodule. Central

dead nemmatode surrounded by lymph-nodal type tissue. X50.
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Figure 12
Detail of centre of developing lynpho-reticular

nodule. Disintegrating nemmatodes which have lost
their normml staining affinities. Wms now in ti-
mately surrounded by lympho-reticular tissue. X3
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IHNuBtratlons for experiment 10

Higure 13.
Bronchiole in re-infected case with eosinophils in
lumen, and epithelial hyperplasia. X 150.

Figure 1
~ully developed lympho-reticular nodule, with germinal
centres, protruding from pleural surface of lung. X50.
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Lympbo-rcticular nodule ehowlng sise and position
in relation to the various pulnonary structures. XI16.

Iwur. 16
mell-developed lympho-reticular nodule shoving Iynmph
nodal structure with germinal centres and large part
of lobule occupied. 125.
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section ITL.

Txperiment 1l. A trial of the effect of diethyvlearbamagine on
prepavent and patent parasitic bronchitis in calves.

Intraoduction.

This section describen an experiment concerning the effects
of diethylcarbamazive (DECZ) on prepatent and patent parasitic
bronchitis in calves. DECZ was developed as an anbthelwintic
agent against human filariasis during the second world war. It
hag an effect primarily on the microfilerviae. In vitro they can
live many hours in a 1% solubion of DECZ in plasma, serum or
galine without consequence. However, in vivo, the dxug; it

given Intravenously to cobtton wrats infected with Litowosoides

corinii, reduces the nuwbers of circulating microfileriae by

80% in vwo to three minutes. Histology shows that they are
collected in the liver, which contains most of the fizxed reticulo-
endothelial system in the cotton rat. In a few hours the micro-
filariae ave surrounded by phagocytes and in a further few hours
they are obviously disintegrating. The mode of action Tavoured

by Bangham (1955) is that the drug may modify the surface of the
fillarial larva and act as an opsonin. Reswlits of hls own work
with carbon~l4=labelled DECZ support the opsonin theoxy. The
effects of~the drug on adults is in dispute. Parker (1L957) was the

firet to veport the use of DECZ against D. viviparus.

The trial described here was periformed for two main reagons.
1. Any drug which can arrest lavrvae during ecarly development hasg

a greab potential in the study of helminth lmmonity as it might
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allow termination of infections at known times and thus agsist
in the determination of the relative immunogenic effect of the

various developmental atages of the parasite.

2. There appeared to be sgome dubiety sbout the relative efficacy
of DECZ when used at different stages of the bovine discase.
Parker (1.957) and Parker and Roberts (1968) reported that when
treatnent of experimentally infected calves was sbtarted at about
the middle of the prepatent period, suppression ofrfhe infection
or a considerable anelioration of the disease occurred, butbt when
treatment was initlated on the 19th day pest-infection, all of the
calven died subsequently of parasitic bronchitis. On the other
hand, the manufacturers (Burrousghs Welléome & Co. London) of the
drug claimed that adult lungwormg are expelled and that further

Jlung damage is stopped immediately.

A further polnt of great interegt aroge during the
experiment - when the calves were killed cerdain of the lung
legions appeared potentlally very interesting in that they were
ginilar to thosgse seen grossly at post-mortem in experiment 9.

The present experiment was designed fto afford a direct
ecomparison of the effects when the drug is administered at the

beginning of the lagt third of the prepatent period spnd also

when the disease was fully esteblished.

Materials and Methods.

Tighteen Ayrshire bull calves, purchased when three to ten
days old were housed in individual metal hubs which were cleaned

twice weekly, the bedding used being oat straw.
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Their ration consisted of 14 1b. of powﬂefad milk (Ostermilk

No. X, product of Glaxo Ltd., Greenford, Middlesex), gugpended

in one gallon of water at approximately %4 to %50 Ce, hall of
this amount being given ﬁwice'daily.A ﬁuring_the ﬁhiré and fourth
weels, hay and ealf weaner pellets (produced by B.0.C.M. Ltd.,
London) were introduced, and powdered milk feeding ceased at the
end of the fourth week. From then until the end of the experimenty

the calves were given % 1b. of the pelleted ration daily.

When the calves were eight to nine weeks old, they were
allotted al random into three groups of gix calves on the basls of
their body weighte. Throughout the Ilve weeks of the experiment,
the calves were welghed and blood samyl@é were withdrawn, for
haematological exanmination, twice weekly, giving a tobal of 11 estimat-
ions For body weight and 10 for’bléad. Totai and differential
leulrocyte counte and haemoglobin estimations were carvied outb,
the latter being measured with a colorvimeter (Bvans Ilectro~
selenium ﬂtd., St. Andrews Works, NHesex, fngland), using a number
5625 fiiter.' For .the differential cosinophil counts, at least

200 colls (400 ©elis when available in the blood £ilm) were cownted.

Tarval culture was as before, as were the pavasitological and

pathological techuniques.

- Expeximental Procedure.

On day 1, cach calf was gilven an orai dose of 4,000 infective
D._viviparus larvae. Calves of group 1 were sach given 0.2 ml. pew
Koo of 10% dieﬁhylcarbamazin@ citrate (Franocide, pre&ueﬁ of

Burroughs Wellcome & Co., London) injected intramuscularly into
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the gluteal region on day 1% and again on days 16 and 19. Irom

day 22, daily faecal counts were made on all calves.

On day 31, the 12 untreated calves were allotted to two |
groups on the basis of their faecal larval outputs on that day.
Vhen this had been done the respiralbory rates mnd body welights
were ingpected to determine if any major disparlity existed
between groups. No significant difference between any of these
pareneters wag found to existlin the two groups. The calves in
group 2 vere then given DECY for three days (days 31, 32 and 3%)

in the sauc manmer ag Group L.

All calves were slaughtered on day %7, and the worms in each
pair of 1ungs were counted; blocks were taken for histological
examinatlion and the uvsuval lesion score method was appllied to the
individual paivs ol Ilungs.

Resulte.
A swmaxy of the relevant cliniecal, parasitologlcal and

pathological wresults is given in Table IX.

Respiratory Hate. The mean regpiratory rale of cach

group is shown (graph 1) and the values obtalned on each day are
given in Table 2. The means werve bebtween 50 and 35 per minute on
the flrst day of the expeximent. Iy the end of the week following
infection, there was a slight rige in each group to between 40 and
4A5. On day 15, when trestment in group 1 was storted, the mean

. regpiratory rate of group 1 calves waa}64, while those of group 2
and % calves were T2 and T3, r@ﬁpectiveiy* There wag a brief halt
in the rise in wespiratory raite between days 15 and 17 following the

very repid rise which took place bebtween days 12 apd 15.
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This is characteristic of the clinical response %o a sgingle

dose of 4,000 larvae.

From day 18, 72 hours after treatment with DECZ had begun,
theve wag a marked difference in the elinical condition of the
calves in group L as compared with those in the btwo untreated
groups. For the remainder of the expeéim@atg, the mean respiratory
rate of the early treated calves remalned between 45 and 55,
vhereas in the calves of the other two groups, the rates rose
gteadily to about 100 during tha,faurth'wéek and continued to
fluctuate in this region during the Lifth week of the experiment.
In marked conbrast, there was no significent effect en-the
regpiratory rate or on the general clinicsl condition of the
ealves in group 2 following treaﬁment on days 31, 32 and 3%3.
Athough there was a dreop of 11 in thevm@an regpiratory rate of
group 2 celves between day 355 and deay 34 (greph 1), it had risen
again by day %6 to a level within 10 of the conitrol rate. fThe
accuracy of the method of counting respiratéry rates is insulficient

to attach significance to these variations.

To sumnmarige the clinical condition of the calves in groups
2 and 3 it may be @aid thab most were charaecteristic of severe
cases of husk, and the treated calves covld not be digtinguished

fvom the untreated condrols.

Veight Gains. Thewre is no statistically sigaificant

difference betueen the mean weight gaing in the three groups (graph 2).

Appetite. During the fourth week of the experiment, the
majority of the ealves in the three groups did not finish theliw

D

dailv yation of % 1bh..
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the usual residue heing 4+ to 1 ib. per day. This may hax@.been
due to the hot weather prevailing at the time., Apart from this
general comment, theve were several variations in appetite which
ave worth noticing. Calf 60, in the early treatment group, was
the smallest calf in the experiment and, on 1% of the 36 days it
did not finish ite Leed allowence. This mey have been due to

its sise. In thé late treatment growp, Tour of the six calvea did
not finish their food on day 15 but finished it on day 16. On
days %% and %4, five of the six calves in this gronp did not ead
all of their ration, these being the second and third days alter

treatment,

in the control group, three of the six calves did not ead
21l of their ration on the 15%h day but did so on the following day.
On days %3 and 34 $wo of the gix calves lefy some food as

compared with Tive of the six in group 2.

Tascal Larval Out@uﬁ. learvae were not found in the facces of

any of the calves in group 1, on any of the 15 days on which
exominations were carried out. The fluetuvstions in the mean layval
output in group 2 and % calves are shown in graph 3. I% can be

gseen that In calves in the later treatment group the faecal lavval
output was lower than that of the control grouvp when treabtment
‘begen on day 31, bub that by the end of the experiment this positlion
had been yeversed. Howevar; there is no statistically sigulficant

difference between the mean lerval outpuis in the twoe groups.
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Iungwornm Burden. Only one worm was found in the

lungs at necropsy of calves in the early treabtment group.
Although there appears to be a difference in the numbers of worns
found in groups 2 and 3 calves thig is not significant because

of the large standard deviation.

Haoematology. The mean values Ffor haemoglobin,

leukocytes and eosinophils of the three groups are shown in

graphs 4 to 6.

Pathology (Grauy 1l). 4t post mortem examination there

wag no congolidation found in the lungs of ény animal in this
group except in a few lobules associated with the presence of

the gingle worm in calf 56. One notable feature, however, was

the presence in all lungs of multbtiple grey-pink nodules, 1 to 2 mm.
in diameter. These were found both subpleuvally and in the
substance of the lung (fig. 17), and there weve approximetely

50 vislible on thepleural surlaces in each call. IHistologically
thege nodules consist of a central dead ilmmature lungworm which
had lost its nowmal staining afTlnity and was surrounded by
well=-developed lymphoid tilssue (figs. 18 and 19). These nodulay
leslong arve identical to those Lfound in experiment 9, on the
pathogenesis of irradiated larvae, and described as lymphoreticular

broncho=occlusive leglons.

Pathology (Group 2). Uhere was no macroscopic difference

between the lesions in group 2 calves and those in group % calves,

and the lesion scores (Table 1) show that there was no quentitative

difference in extent of counsolidation.
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Histologleally, all of the calves had typical lesions of
vetent paresitic bronchitis but, in addition to these, therve
were other Qhaﬁges which arve infreguently seen in uvncomplicated
primary infections; In calf 48, which had only 19 worns at
post mortem, every histological sectlon conbtalned these lesions.
The lesions had three malin componentsi

1) The lunminal contents,

2) the reaction and breach of the epithelianl Ilining,

%) the reaction in the lemina propris.

The lumena- of the alfected aix pa&gageﬁfwere plugged with
an intensely cellular exudate conslasting largely of GOSiﬂQPhilS
which appeared to be dead o dying, as many had a waning staining

affinity and a degree of apparent fusion of granules.

The worms embedded in this exudate were dead and disintegrabting
(figs. 20 and 21). ‘They had become generally more eosinophilic,
all outlines were blurred, and the cuticle was ruptured and
separvated off from the underlying tissue, allowing the entrance of
leukocytes.

Pleces of dead helwminth gomatic waterlal, apparently when
in contact with the eplthelium caused it o vndergo o local hyper-
trophy and hyperplasia and to slough ofif, leaving a breach in the
wall (fig. 22). There is then o glant cell veaction at this site;
the c@mpohER$ multinucleated cells appear t0 be of both epithelial,
gndotheliel and the more nﬁrmél mesenchymal foreign body gliant cell
types. Where o femole worm has ruptured and the eggs lie against

the wall of the bronchiole, the reaction is particularly intense,
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The cells of the lamina propria become very much increased
in number; this is due partly to the foreign body reaction
described and partly to an infiltration with eosinophils, but
s marked feature is the occurrence of many cells of the plasmacyte
series, It is seeun by pyronin;methyl green staining that many
of the veticulum cells ave activated and have stroﬁg cytoplasmic
pyroninophilia, and that immsture snd young mature Torms are
prominent. This 1s probably representing the start of an anbi-
body-producing system. Mast cells avemoderately lncreased in
number, there being five o six per high pbwer field. It is
known from the histological series described in experiment 9
that the further progress of this leslon lg the ocelusion of the
bronchiole and the mulitiplication of lymphoreticmlai cells in the.
wall, =0 that ultimately an area of néw lymph nodal tissue is
forméd avound this segment of the air passage: This is strictly
analogous to the leslons produced by the dead larvae in group L
calves and these leslong were in the lymph nodal development
phase since the death of the pavesites occurred asbouit 14 days

earlier than group 2 calves.

Riscussion.
The results of this experiment fully suppovt the oviginal
discovery of Parker of the efficacy of DECZ against the immsture

formg of D. viviparus and also throw some light on the mode of

action of this drug and the changes produced in the host. They
do not support the view that 1t has the beneficial effeet when

uged to treat fully developed infections.
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Group 1 - Prepatent Treatment:  Vhen the treatment is stvarted

14 days after infection, as in group 1, the majority of infecting
laxvae have developed to the F£ifth or immature adult stage. They
are found ag was shown in experiment-B, in bronchioles, in bronchi
and in the trachesa. In light infections, few clinical sigus

are seén at this time. Iin moderately heavy infections, such as in
the present experiment, some ﬁaehypnoéa is present and there may
be coughing. The stockmen did not hotiee that these calves were
“i11" in the present experinment. In héavy infestatlons, €.g.
50,000 lawxvae, (Jarrett, MeIntyre and Urquhart 1957), calves moy
be moribund and do not usually survive the third week. The
importent uwnderlying point is that pneumonia is not a marked feature
at this stage of the disease. The associated lesions are an
goginophil brahchiﬁi@ with possibly lobular collapse distal to
plugggﬂ broﬁchiolgs. Death in heavily infected animele is caused
by pulmonary oedema and hyéline membrane formation. It is to be
expected, therefore, that if the larvae are killed and expelled
and 1f there is no marked disyuption of the bronchopulmonsry
architecture, the less severe forms of the prepatent disease

will resolve quickly.

Thisg f&pid-regélutian appears to have taken place in the
early treatment group. Virtvally no worms were found at necropsy
and the absence of larvae in the faecces indicates that there was
ne Gignifiéanﬁ development the sdult stage. This ds confirmed
by the absence of the eﬂnsolidatingglesions alwaysvfaundiin patent

husk, and by the clinical resolutlion after treatment.
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A fact of great intevest is the development of bronchial
and bronchioler lymphoreticular nodules in the calves treated
early. Similar lesions have been described afier challenge in
calves immunised by ény of four methods:

1. Hyperimmune gerum.(Jorrett, Jennings, Melntyre, Mulligan and

Urquhart, 195%).

2. VWhole woxrnm vaccine. (darrett, Jonnings, MeIntyre, Mulligan and

Urguhart, 1960).
3+ Previous normal infection, as in experiment 10.
4o Irvradiated larval vaccine, ag in experiment 10.

- The lesiong have also been found in non-immune calves which
have been given one dose of lrradiated larvac,. As described in
experiment 9, it was possible in the latvler case, by serial
cilling, to study the development of these lesions, and the
suggestion was made thol they are formed in response to
inhiblted, dying or dead parasiteé, the paragitocidic or pavasito-
gvatic agent being either antibodiesg in the case of immune ecalves,
or radiation effect in the irradiated larvae. This is sn important
point in parasgitic immunity, as the relative roles of humoral and
celluler vesponges have not yet been clearly elucidated. The
findings in the present experviment support the hypothegis we have
pu& forvard (darvett and Sharp,196%) that, at least in the cage of
covtain parogites, any set of circumstances which will adversely
affeet or kill the helminthes will initiate the formation of |
(1) bizarre bronchial epithelisl hyperplasia and disyuption of the
cell sheet, (2) eominophilic leukocyte infiltration of the lamina

propria and epitheliunm,
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(%) multiplication of lymphoreticular cells in the walls of
air passages leading bto (4) the formation of cuffs of nodules
of lymph nodal btype tissue with gerninal centres surrounded
by lymphocytes and plapma cells. The contribution of such
foci to the protective sntibodies is as yet unkvown; this
cellular proliferation may be in response to gomatic antigeuns

vhich may oxr may not give rise to protective antibodies.

Since, as was shovn in experiments 8 and 9, ivrvadiated lavvae,

the majorlty of which do not progress beyond Fourth or early

fitth stage, can stimulate ilwmmunity and also produce similaw

lesions, it is probable that calves in which these larval stages
have been killed by DECZ will also become immune. This appeared

to be the casc in two calves which were reinfected by Parker.

When these lymphoild lesions, which are broncho-occlugive in
nature, ayve present in very large numbers, they may glve wvise 1o
clinical signs snd even death. It is common expevience to find
gome coughing and tachypnoea when immune animals are exposed to
heavy challenge;  coses have been geen in the field and in the
veterinary hospital, vhere death from these lesions hag occurred
in adult, naturally exposed animals. One Ffarm logt 17 cows this
vay. Lt is imporitont to note that some animals with a heavy
prepatent infection might be killed by DECZ btreatment. It might

be said that if they are killed by this wreaction, then it is only

s}

anticipating by a few days death due to the disease proper; this

is not necessorily the case. The vesults of the quantitative

experiment (number 8) indicate, without providing definite proof,



that when 1,000 larvae arve given to a calil approximatdly 600
reach the lungs and perslet until about the end of the second
veek after infection, when there is an expulsion of immature
forms so that only 200 to 250 are retained to form the adult
populetion found at the potent stage. It may well be that o
calf which could gurvive pulmonary damage wvequired 4o produce

a crop of 'a' number of adﬁlts in the bronchi, counld not survive

the elfects of Bn broncho-occlusive legions.

The gignificance of the results of experiment 8 guoted is,
ag wap there stated, ouly in doubt because of the small numbers
of calves (two) which were killed at ench serial time interval
after infeetion; +this does not permit a valid statistical
analysis to be made. However, it may be thet many of the
impature forms killed or lmmobilised by DICYZ are in Ffact removed
From the bronchl without trace, and only those in the air passages
of small diameter cause leslons. Parker and Roberts {(1958)
challenged the immunity of two calves which had previously been
successifully treated and noticed a gevere clinical reaction
during the second ond third weckg; +this was almost certainly due

to such bronchial legions.

Group 2 -~ Patent Trcatments Group 2 calves which were treated

during the patent period had no improvement over the conitrols. The
elinical conditions of the calves and the extent of the pneumonia
alt necropsy were those of severe husk. The mean larval output

of the two groups vas statistlically similar and there was no
gbtatistically significant difference in the mean worm burdens,

although the mesn of the treated calves wag lowex.
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several points must be borne in mind concerning the latter.

- Tirst, the mean laxval oubput in the treated group vas cone
slstently, although not significantly, higher than in the
contvrol group, indicating that there was at least nuvmerical
parity in worn burden between the two groups. Second, there

is vormally a fair scatter in the worm burdens of any ten calves
and the difference in means mpy be due Lo chance ag Student's
g vesy indicates.. Howvever, there is no doubt that at least

in calf 48 (and probably also in celf 58) DECZ cenus to have
coauped death of adult worms. Cald 48 previously had a faccal
lavval oubtpul of 1,100 eggs per gram and had the most severe
degree of consolidation of any of the calves in the experiment,
yet it had only 19 worms ot necropsy. It might be argued

that this wag merely ome of those occasional animals which throws

off infection early, but here the histology isg most illuainating.

’In every ¢alf in the late treatment group, and in every
section taked from the lungs of calf 48, there are bronchial
lesions of the type described previously and whieh arve the adult
worm snalogue of the lesions discussed in the carly treatment
group. Vhen the leslons are coused by adults they are, ap one

would expect, of greater severity and affect a blgger avea of
-pulmonary tisgues The preaénce of these legions plusg the normai
ﬁusk 1eéions explains the severe clinical state of the animals and
gives rige to grave doubts about the beneficial effect of this

deug when used against heavy patent infections,
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A small but intefegting point ariges from a consideraﬁion
of the mean vosinophil percentages of the groups (graphs 5 and 6).
Group 1 shows a very rapid wise to over T% on +the 18%th day, i.e.
on the third dey of DECZ tveatment. By smalogy with the timing
of the development of the lymﬁhoreticular broacho~ocelusive
legion in experiment 9, the ecosinophil blood rise wogt probably
reflects the first sbtage of the leslon, viz. an eoginophil
bronchitis with occlusion as ghowm in Ligure 9 of experiment 9.
Both other groﬁps ghow a similar trend, reflecting a probably

sinilar lesion bult one of a lesger degree.

When the relative and absolute numbers of eoginophils
were declining or low in thg other two groups after the F0th day,
group 2 ig interesting in that 1te cosinophil percentage rose
fairly steeply fwom the time of DECZ ﬁreatment.until death. The
incrense heve probably relfleets the eoglnophil component of the
exaggerated reaction to dead and disintegrating adult worms

as ghown in figures 20 and 21.

It is doubtiful wvhether the eosinophilic regponse could be
used by the clinican as a guide o the pathologleal cevents
occurring under DECZ treatment in the Tield, but it does scen

vorthy of further iluvestigation.

The facts preéenﬁaﬁ above probably explain the apparent vari-
ationg in efficacy of this drug in the Tlield. If the treated
animal s in the prepatent stage or if it has a mild infection
associated withvthe régular uwptake of small vumbers of lavvae, one
might expect good and sometines spectacular results. Iun the

developed disease, however, the lung damage may even be iuncreased
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in extent and severity.

One possible objection to the present experiment isg
that the calves were killed too scon after treatment, but
it 728 necegsary to kill at the height of patency in order
to get a valid comparison of worm nunbers in the breated

calves and the controls.
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TABLE 1 - Summnary of the Respiratory Rates, Welght Galns, Larval
Outputs, Worm Burdens and Lesion Scores in the Calves
Infected with Parasitic Bronchitis,

Peak re~ Ciroup mean o
Calf spiratory respiratory Weight Group
No. rate rate peak ¥ gain Mean
GROUP 1 a5 a0 70 51 37 4 11,8
54 65 45 |
55 60 ' 41
56 60 39
57 90 19
60 30 : 28
GROUP 2 46 120 100 16 244110
48 130 33
50 100 | 27
58 120 - 32
59 140 6
61 105 32
GROUP 3 47 130 ' 120 - 18 25+ 12.4
49 140 17 |
51 130 | 24
52 100 49
53 130 ‘ 25
G2 130 o 16

* These are not means of the preceding column; they represent the group

mean on the day it was highest.
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TABLE 2 - Respiratory Rates per Minute of the Calves in Group 1

Doy Calf Numher Mean S:‘D.
57 55 56 45 54 - 60 -
1 20 F20 30 40 30 45 31 11.32
2 30 25 30 45 - 30 45 34 8.61
3 35 25 40 50 30 35 36 8.6l
47 40 30 35 50 35 45 39 7.36
) 30 30 45 50 30 40 : 38 8.82
) 40 25 35 50 30 40 37 8.76
7 50 30 35 55 40 35 41 9,76
8 40 25 35 50 30 60 40 3. 04
9 45 25 40 50 35 35 38 8.76
10 50 40 35 - 50 30 40 41 8.01
1] 40 35 50 - 45 - 40 40 42. 5.18
12 - 60 35 40 50 35 60 47 1.7
13 50 50 50 50 40 65 48 © o 8.59
14 60 55 60 35 . 65 70 63 5.27
15 70 60 60 70 60 65 64 5,92
16 90 50 65 80 65 70 70 . 13.78
17 70 60 85 50 50 90 63 - 12 .24
18 55 35 50 50 35 60 43 10.8
19 45 35 50 50 40 60 47. 8.8
20 50 45 - 55 60 40 55 51 7.36
21 45 45 45 ' 60 35 45 46 8.01
22 60 50 50 60 35 60 53 - 9.9
23 50 45 40 55 - 40 - - 45 . 46 © 5,31
24 60 45 45 50 40 60 50 8.36
25 45 - 40 35 60 35 60 . 46 11.6
26 55 50 50 - . 85 50 55 53 2.5
27 50 45 45 65 45 70 53 .2
28 60 40 50 60 40 60 52 9.6
29 45 40 50 60 40 60 49 9.2
30 50 .40 45 50 - 50 50 - 48 4,2
31 50 : 50 50 55 45 60 52 4.3
32 65 a5 50 50 45 45 50 7.7
33 45 50 50 55 45 50 49 3.9
34 40 50 ‘ 50 60 45 55 50 7.07
35 40 40 55 50 45 50 47 6.06
36 50 50 45 - 50 45 50 48 2.6
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The effect of diethylcarbamazine on parasgitic bronchitis -
graphical resulits.

; GROUP | -~ GROUP2 — GROUP3 - —— RESPIRATORY RATE OF CALVES.
!
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Graph Leyean group respirvatory rates (per minute). S(%reu}g 1
early treated, group 2 late itreated, group % conbrola.)
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early treated, group 2 late treated, group B controls).
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Illustrations for experiment n.

Figure 17.
Iymphoid nodulea In aubatanca of lung. XBR

»

“~Selymphoid nodula showing bronchiolar , .. 4 4.4
wom (arrowed.). X30.

o>
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AMIURAZ «dorHL which has lost its normml staining
affinities, surrounded by lynqdioreticular tissue.X200.

/4 w A

i.ifi*Diaintegrating adult female In bronchua showing nmrked
exudate of eosinophils in bronchial lumen and the reaction
of the bronchial wall to the eggs. X25.
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Figura 21. .. . .
Disintegrating female in bronchus. XJQ

ZifilizZUi—22* Ulceration of bronchial nucosa and beginning of lympho-
reticular response in lamina propria. 80
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SUMUARY OF PART LTI

Sgetion 1.

As they ave closely coxrelated, the threc experiments
described uwnder this section éarry a comnon discussion. They
are concerned with the comparative quantitative and oualitative
agpects of the courme. of infeciious' of normal and ivradiated

De_viviparus larvae in calves.

Brperiment 8. This experiment was entirvely quentitative

in natere., Thirteen calves each received 1,000 X~irvadiated

lazvae and 1% calves weeceived 1,000 normal larvae. .The calves

were killed in palire, one from each group, at intervels Ffrom
4»p0ﬁtﬁinf@@%ipn day 1 to dey %%. Approxinmately a quarter of the
'firradiaﬁed larvae were present in the lungs 11 days @Ster iﬂfeetion,

buﬁithis ievel ﬁell gteeply until only a few stunted sberile

vorms with o mele/ femele rvatio of approximatély 1:1.0 were found.

In the 'normal! group approximately 600 larvee reached the
Jungs by the 153th day aund persisted Tor three to four days when
there was an expulsion of ilmmnsfure forms via the trachea. This

regulted in a final aduly population of between 200 ond 250 worng.

.

This infectvive-dose to finsl-vormeburden Tatico of lLsd or 1:% is

=

wite familiar to evervone who has worked with D. viviparus of
{q

standardised Infectivity.

Bxperiment 9. This was designed Lo investvigate the host

ra oxs

veaction to the vaccine by studying the histologicel reactions

o

o irvadiasted lorvae as they matured in the lungs, agsin uith the

uge of a serial killing technigue although with longer intervals
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based on a probable expectation of lesion type. The pathological
basls of the mild and trensient clinlesl signe sometimes seen
after vaccination is described. ‘They are due to the temporaxry
bréﬁchialar bloclkiing effect of the eosinophil wesponse to larvvae
dying in the luen. Meost of such lesions are cleawed bhub some
progress through three main stages to become fully developed
lymph@re%;cular nodules with a lymph nodal structure and germiaal

cenitres.

fxperimwent 10. This experiment wag performed bo investigate

the pylmonazy immune mechanism in calves jwice vaccinabed with
L1000 irradiated larvae for one group and the same nunber of
novmal larvae for the other group. Both groups were heavily
challenged snd a gerigl killing procedure was followed at intervals
aiter challenge; as before, the lungs were pathologically

examined in detail. Neny lywphoreticuler nodules were found in.
“hoth groups and the velatlonship of these to the clinical signs
seen alter heavy challengelin an immune animal and to %he gigng
seen in an adult bovine ef_inéuffieiemt Jmeenity are indicated

and conmented upon. The possible functions of the perdibronchial
and peribronchiolar lymphoreticular nodules as sites in antibody
production and their influence on the interpretation of gerclogleal

tests are discussed,.

Section IT.

Bxperiments 1l. The effeet of diethylearbamaszine (DBECZ) on

prepabent and patent parasitic byronchitls was tested. Righteen
calves wore divided iunto three equel groups. ALl received 4,000
noymal larvae of D. viviparus on day l. Calves of one group

began g three~day
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dosing schedule with DECZ sbtarting on day 15, and those of
another group started a similar schedule on day %1. Calves
in the third group received no drug and gerved as controls.

ALL weve killed on day 37.

In the calves treated in the prepotent period the disecage
was almost completely suppressed ag judged by clinieal,
parasitological and pathological eriteria. The only legions
pyo&meed were thoge of peribronchiolar and peribronchial lympho-
reticular proliferation caused by intra-lumensl death of 10Tvae.
The immunogenice significance of this lesion and ite similarity

to thet arising in other circumstances are discussed.

The calves of the late treatment group were not significantly
different Lfrom the controls accofding o clinical, paraaitological
o grosg pathologicél'finaimgs. Higtologically there were severe
bronchiolar and bronchial destructive lesions apparentily caused
by the death of adult worms in sitw, The similarity between
thig finding and the 'lesion of insufficient immunity', which can

kill pertbially imsune cattle in the field, is discussed.

It is concluded that undex the conditions of this experiment,
DEGE wag highly effective againgt the prepatent stage of the
disease; <the c¢laim that it is beneficlal against fully developed

huglk could not be subzstantiabted and the reverse may be the case.

As a final conclusion from experiments 9, 10 and 1il, it is
suggested that the peribronchial ox peribronchiolar lymphold

lesions are formed in vesponse to inhibited, dying or dead parasites,
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]

the parasitocidic or parasitostatic agent being antibodies

in the coge of imnmune anlnals, radi&%ion effecﬁ iﬁ those
recelving irradiated larvee or a possible opsonin or other
surface effect In the case of those receiving diethylcearbamazine.

&l
N

The mognivude of the eclinical syndrome depends on two Ffactors:

1. If the lungworms are killed eaxly, as fourth ov
early fifth stage larvae, the iandividusl lesions tend %o be
sualler in gizey Aif they are killed later,as adults or near~

adults, the lesions are considerably greater.

2. The lerger the number of individuval worme in the

lung, whatevewr thelr stage of growith, the greater will be
the number of potential occlusive lesions, should the

-

paresites be affected by any of these disabling factors.
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to_Heemonchus contortus in sheep.

Introduction.

After a method of vaccinating against D. Viviparus
‘had been developed, it was a natural extension of thi.e
work té investigate the possibility of applying the same
 gene$a1’principlas_ta;gasﬁraainﬂestinal parasites.

It‘ié a feasdhablejsuépasitioh\tha% the irradiation
ﬁethgd ofkartificially.inducing actiﬁe immanity in helminth
disease might be pueccessful where there is systeﬁie rigration
by the parasite; the immature larvae traverse a pcteﬁtial
:hﬁéérq-cellu;ar impunological barrier, during which-it 1s

possible for them to initiate an immune response,

However, whéfe the pérasite undergoes only'limiﬁed migration,
Aaé'in‘maﬁy}gastéaminte&tiﬁal infestations in vhich tissue
penetration is minim&;,'the ogporﬁuﬁity for s%imulatiﬁg an
aédééuaﬁe immune'respénae would &eem"té be much reduced. It was,
therefere;ianticipatpd that the present method of immunising -
might prove tc,ﬁe lesg effective agéinst gastro-~intestinal
parasiteé;.' | | o

~ Abbempts by other workers to immmnise sheep against
E. Qentortus‘hamé had v&riable”reﬁulta. Stewart, (1960), using
graded, spaced dasés of normal infecfive_larvae as a means of
{adﬁive immunisation, repéft@d sonme eVi@ence of acquired resistaﬁceg'
'buﬁ i%.ﬁid‘ngf'occuf regularliy. ﬁSing o similar immanising pro-

- cedure, hisenko (19%6) also veported evidence of resistance.
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Pewn ecu;om in nine oub of ten sheep, by ¢nfrapur¢tanca3 and
aubcutaneou 1nJcctzon of large numbers o¥ living exsheathed
third-stage larvae. The sheep were nine months old at the

beginning of his experiment, which is summarised below:-

VYACCINATION ORAL o&aabvm&r RESULD

o Humber of sheep - e
Numbex T getbing Number of

Route £ larvae on
Route lagéae 1 dose 4 doses ad;;e7$a
- on day on days '

0 6,7,14,21

" et T ey
VAGCINAm£S:
pevluoneal ?? Q00 ver Kg. body - protected.
per Kg. . ‘weight.
body :
welght
. . . 4
Subecut- %100 -~ 5 - 15,000 pex o
aneous 4,100 Kg. body ' irg§z§€66'
per Kge o welght. " From )
body ‘ : ey .
weight. haemonchosi
CONTROLS
' 15,000 pexr 2 deaths
- - - - Eg. body - from
: wvelght. haemonchosi
and 1
severe
infection.
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The experiments which follow weve caryied out on H.contortus,

a para$ite whth a minimel migration cycle, to investigate four
main factors:-

* 1. Whether the parasite, ib its lavval form, could

‘ be partially inactivated by X~irradiation.

2. VWhether it could then stimulate enough immanity
~ in sheep to eneble them to withstend large
. challenge doses of normal infective Larvae.

%}
Al

. Whether the rate of irradiatioa would influwence
. the immunising properties of the vaccine larvae.

4, The level to which the numbers of larvee in each
vaceine doge could be reduced without affecting
a servicable level of immunity.

(Bzperiments 12 and 13 have been reported in two publications,
veapectively, Jarrett, Jennings, Melntyre, Mulligan and -Sharp 1959,

and Jayrett, Jenmnings, MeIntyre, Mulligen and Sharp 1961.)
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Ixperinent 12. Vaceination of sheep usging o sipgle dose of
- X-ivradiated larvae of Hsemonchus contorius.

Néﬁeﬁiéls and Methods.

- FiLTHy 'new born' lambg were bought and, initially, were
raiged in groups of thwree or Tour and fed in mebal isolation
units on an artificial milk die%, (Dstermilk'produced by Hessrs,
Glaxo Daboratories ILtd., Greenford, liddlesex.) They were later
traﬁaferr@d to concrete pens which vere cleaned daily. ‘“Their |
Taeces were examined several +times in the pre~experimental pewviod
to confirm that they were parasitémfree¢ The lambs were seven

monthe old when the expeximent was started.

A pure strain of L. contoritus was obtained (kiundly supplied

by Drs. Dum and Silvermen of the Moredun Research Institute,
Gilmeryton, Ldinburgh) and waakpa5$aged through thyee lawmbs 1o gain

a sufficient numbergef infecﬁive larvae to caryy ouﬁ‘the gEperiment,
Larvae were cultured by putting 250 g of faecal peilets din - 500 wl,
closed glags Jjars, storing atv 22°¢ fov 14 days, then they wevre
harvesﬁqd by filling the jars with water and inverting them each.
ovey a ﬁetfi dish. The petri dish was half-Tilled with waﬁer, and

the larvae were eollected an hour later as they congregated in the

dish. Taecal egg nuwbers were estimated by the Melaster nethod.
Tot&l worm burdens were counted by washing out the sbomasal contents,
adjusﬁing the totval veolume to 2,000 ml. with tap watery; then stirving
thoroughly and counting the number of worms in three aliquots of

50 mls eachs The technigue of iryvadiation was similar to that used

for De viviparug.
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Bzperimental Procedure.

The 50 lamhé‘ﬁere‘allotted tb eight groups numbered 1 to 8.
There were seven lambs in each of groups 1 to 5 and five lambs
each'in groups 6 to 8. On day 0, animals in groups 1 tb 5 were
given i0,00G infective larvae irradiated respectively with 10,000,
20,000, 40,000, 60,000 and 100,000 roentgens. These levels

vere arbitrarilly selected on the basis of results achieoved with

laxvae of D, viviparus. Pvo Lowbs from each of these five groups
were killed 6nAday 37 to deteﬁmine the degree of Anactivation’ . = ...
of larvae. This time was chosen as representing normal full patency
of infection; it was assessed by a flattening in the egg output
curve of the Tive countrel lambs. The remaining five lambs in each
greupuwere challenged on day 117 with 8,000 normal infective larvae

and were killed on day 163%.

The time of 117 deys was used as the challenge point as this
was the time taken by the two groups vaccinagted with larvae irradiated
at the two lover levels, 10,000 and 20,000 reent@ens,_ta eliminate
the bulk of the infection resuliing from their 'vabaine’ dose. This

Jjudpenent vas based on thelr egg counts becoming McMaster negative.

Pach lamb of group 7 was given 10,000 normal larvae on day O,
8,000 normel larvae on day 117 and was killed on day 163. The interval
of approximately seven weeké betyeen Challenge and Kill was chosen
as being a reasonable period for the challenge infection to reach
full patency, with wminimal extension into the time when such an

infection might naturally begin to be shed,

Group 8 wvas the challenge control group; each laemb received

8,000 normal. larvae on day 117 and was killed on day 16%.
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The design of the experiment is pummerised in Table L.

Regults.

Cgunts of faecal egg outpuisvere made at approximately
veekly inﬁervals beginning on day 18; these resulis, together
with the posbt-moriven abouas 1l worm burdenw, are shown in Tablesg
g'tp 9. The final resulis of the experiment arve summayised in
Table 10.

The 1émba did net show elinical signg of the disease at

any pime durxag the experiment.

Digcusgion.

In agsessing the value of this method of makiﬁg a vaeeine,
the'first point to be decided is whether the pavbicular parasite
can be partially inactivated and, if so, what is the Limiting
range"bf radiation dosage to be applied to it. Heuce two animals,
from cach of the five vaceine groups, were killed vhen foecal
counts of the control lambs {(group 6) showed tvhat the normal
infections had wreached . full pasency, as shown in Table 2. Lambs
in groups 1A and 24 manifested no significant veduction in "take!

»

over the control animals, indicating that their larvae had not been

'~

sufficiently irradisted.

The pairs of lambs foxming groups %A, 44 and SArdid have a
markedly lover worm burden, . which su ge;teﬁ that their radiation
&owagcﬁ probably included the optim wel inactivation level. Thus

H. contortus was shown to be capable of servicable inactivation

by X~irradiation, at levels of 40,000 roentgens and upwards.




The second point of information essential for assessnent
ol the vaccine is whether the inactivated parssite can confer
Immonity. From Table 10 it is seen that, compared to the group 8
“challenge contyrols, the immunity was good at the first four
roentgen lc%els; 90% o 100% protection being conferred against
the challenge used. fThe mean of 200 worms at post-mortem of group
3 resulted almost entirely from one lamb's abomasal burden of 972
worms. -The yeason For this anomaly is noﬁ-known; the lamb is
recoyrded as having been correctly vaé§inated and not to have
shown diarrhoea at this time -~ which might possibly have interfered
with the establishment of the imuunising fraction of the irradiated
larvae. Poorer immunity vas shown by the 100,000 roentgen vaccine
group, whose mean worm population of 442 was accounted fox by three

of its five individuals.

In suvmnrary so far, larvee irradiated at 10,000 and 20,000
roentgens wére'littleiinactivated, but gavé‘geod immunity;lthose
-atj40,000 and 60,000 roehfgens were aﬁequately_inaétivated and
gave good inmanity, while'larvae~at 100,000 roentgens were wells

inactivated (probably over-inactivated) but. gave poorer immunity.

Group 7, which received 10,000 non~irradiated larvae as ite
‘vaccinating' dose, showed some protep%ion -~ & mean worm burden of
620‘coﬁpared ﬁo.ﬁhe control mean of 2042 -~ but it vas less ‘than
the protection conferred byAthe same number of irradiated larvae
o groups iﬁ to 4B, This possibly enhanced immunogenic effect of
) giveh number of irradiated larvae compared to a simllar quentity

of normal larvae has been observed in Unecinaria gtenocephals and

Ry
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Angylostomum cgpinnﬁx(qpnted in review by Urquhart, Meintyre,

Mulligan, Jarrett and Sharp 19@3)§

Purely spéeulativeiy, the reasons Tor this apparent
phenomenon might be that the irraaiated larvae ave reﬁarded in
their development and.aé'sp@nd ;Qngér either wiﬁhin or in
_intimaﬁe.eontact with the mueceosa, thus possibly increasing

the chances of immunogenic contact with the hosﬁg'
Such contact might be twofold:

(a) a proportion of the abtenuated larvaévmay die in situ

in the mucosa.
(b) others may undergo prolonged second or third ecdySGs,‘
as a result of irradiation, and thereby expose the host to
the ?moulting secretionst for longer‘periods.‘ Soulsby}(1959)
and-Soulsby;and Stewart, D.F. (1960) have shown that the
secfetions of ecdysis Sré‘important-angigéhs in the 'self-cure’
'pheﬁomenon}-they_may‘bé_impartanﬁ in the genexral eonﬁext‘af‘

immunity to helminths, for example Stowart T.5. (1958) believes

that immunity of cattle o Cooperis puncista is manifested by

iﬁﬁibition of the ex-sheathuent of the larvse.

As thé'aim of the presenf éxﬁeriment was enﬁiyaiqunanﬁitaﬁivé,
only o few pieces of abomasum could be velained for histological
oxamination. However, some of the sections from the pairs of lambs
killed as insctivation controls = (i.e. having received only
ifradiaied laivae) showed.dead laxrvae lying iﬁ the mucosa of the
abomasum, together with the development of large lymphoid

follicles.
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This might indicate the site of the Lmmune response, bub this
question needs a detailed pathologicsl approach involving sorial
killing after both vaccination and challenge before a valid

angwey can be egaayad,

A Lurther point of ¢nte*est in this expeviment is the
indic&tidn that the mindimal penetraﬁian by the larval staggs
ie sufficient to atimulate»én appreciable immune résponse_and.

-~ that the‘présence of adulte may not be nscéssary to produce

f@Sistanee.

From earlxer wark on Te snlralim (chl&, Gomberg, Bethell,

lelell% and Hertﬁ, 1955), Soulsby (195?) suhgested that adult

~’infecﬁ10n8 nght bs neeessary to induce refractngnPSQ to -

remnfegtmon with wastr0~1nﬁestinal nematoaes. Thns does not

appaar to be the case with ﬁ. gtenocephala (Bow, Jaxre&t, Jennings

hclntyve and Mulligan), and the rosult of the present experiment
' indlcates that He cantortu&, 8 purely alimentary worm, mlght also
yxaxl 1o conform %o’ this thaory. Similarly, the eﬂpcr;ments of
Thorson (1951) on H. maris larvae and.Camphell (1954) on %, spiralis
lérﬁa@ indieate'that 1arvél!sﬁages are capsble of aﬁimulgﬁiﬁg
pxotee%ivefrespénses. | |
The ooncluglong drawn Lrom this experiment were limited

‘but en&ouragxng and may be summarised as fallaws*

1. I% was possible to partislly inaeti?aie‘thirdms%aga infective

:H“eontortgg Larvee by Xwirradiéﬁicn.,
2+ Vithin the confined experimental system used (relatively small
numheré of lambs; larvee given as a single doges subélinical levels

of challenge infection; relatively éﬁért interval between
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vaceination and challenge) X~irrndiated larvse, particularly ih
the range 40,000 to 60,000 roentgens, could stimulate marked

registance to re-infection.
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‘The Roentgen and Larval Levels Used in Imwunizing Doses
and the Times oif Adminisgtering larvae and Killing TLoumba.

RBoentgen Number Day O Day 117
Group - ~of (Number of Day 37 (Nuwber of
dosage  Lawmbs. irvadiated noxmal Day 163
larvae). larvae).
2 (4) 10,000 e 10,000 Killed I
(B) 10,000 5 10,000 o s e 8,000 Killed
2 (A) 20,000 2 10,000  Killed — wemmme e
(B) 20,000 5 10,000 et 8,000 ¥illed
% (A) 40,000 e 10,000 Eilled s esemime
(B) 40,000 5 10,000 e 8,000 Killed
4 (A) 60,000 e 10,000 Killed cmmmsavame  sasmennmanm.
(B) 60,000 5 10,000  womemaw 8,000 Killed
5 (4) 100,000 2 10,000  Killed e SNS—
(B) 100,000 5 10,000 e 8,000 Killed
6 S— 5 10,000 Killed  mmeemee O eeeeesese
S 5 20,000  wmmee 8,000 Killed
8 e 5 e - 8,000 Killed




TABLE 2. Paragitological Tindings in Lambs Killed
' on Day 37.

Bges per gram

of foecos Vorm count at necropsy

Gxroup
Day 18 Day 3% Tmnature Mature Group neans
1 (a) 5,100 eemeeee 1,900
+ T 1 o1« O — 3,700 2,800
2 (A) + 1,400 e 1,850
“’l‘ 1’500 ““““““ 1’560 1’675
5 (4) + 0 300 . 0
0 0 200 0 250
4 (4) 0 50 400 0
0 50 100 0 250
5 (A) +- 50 100 0
0 o 0 0 50
6 + 1,100 0 1,100
4 3,300 0 2,700
+ 2,000 0 1,600 1,900
+ 1,850 0 2,400
o+ 2,050 0 1,700

¥ Pogitive on nonguantitative zinc sulphate
flotation only.




TABLE 5.

Parasitological Indings in Lembs in Group 1 (B),

(Vaceinated with layvae weceiving 10,000 rosnbgens).

Lggs pex

gram of lanb numbervr
faceas on

day: 1 2 3 4 5 Mean
8 +° O + + 0 w'm

54 300 4,400 2,500 2,000 2,450 2,200

40 1,350 700 1,200 3,000 2,100 1,670
48 2,050 1,000 4,300 1,650 0 1,800
54 2,450 500 5,800 1,000 50 1,960
61 1,850 500 3,050 1,200 0 1,280
68 1,600 0 7,000 0 0 1,720
76 - 800 Nege # 2,000 200 0 750
8% 500 100 2,100 50 0 550
90 0 0 5,300 0 40 630
96 0 0 %4550 50 0 680

10% 0 0 2,000 0 0 400

120 0 0 1,500 0 0 300

1L7% 0 0 100 0 0 20

144 20 0 0 0 0

146 ¥ 40 0 §; 8

158 0 0 500 0 0 60

Hunmbey of
worns ab

poat-rorten 0 0 20 0 7 5

Opositive on nonguantitative zinc sulphate
Tlotation only.

ek 1\3‘0 Smnpl& Ob‘tﬁined.

¥ Point of challenge.
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PABLE 4., Parasitological Findings in Lambe of Group 2 (B).

(Vacecinated with larvae veceiving 20,000 roentgens).

iggs per

gram of lanmb number
faeces on :

T ey 1 2 3 4 °  MEaW
18 +° o+ 0 0 + -
34 1,850 1,100 2,050 100 2,150 1,500
20 2,900 2,850 1,150 1,500 2,400 2,120
48 1,400 2,100 450 2,500 2,100 1,710
54 2,650 1,700 500 800 100 1,150
61 2,700 1,100 350 2,600 0 1,350
68 - 2,550 750 50 5,000 0 1,270

76 1,100 800 o 1,900 0 760
a3 800 800 50 600 0 580
90 0 2,000 50 0 0 530
96 50 0 0 0 0 10

10% 0 0 0 0 0 0

110 0 0 0 0 0 0

117 0 0 0 0 0 0

144 0 0 0 0 0 0

146 0 0 0 0 0 0

158 0 0 0 0 50 10

Fumber of )

worns ab

post-mortem O 0 0 O 0 0

* " Point of challenge.

Pogitive on nonguantitative zinc sulphate
flotation only.
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TABLE 6., Parasitological Findings in ILambs of Growp 5 (B).

(Vaccinated with larvae recelving 40,000 roentgens).

Bags per :
fgziﬁgazn lLamb -n;n mb e r

day: 1 5 7 4 5 MEAN
18 +° 0 0 0 0 -
54 150 100 0 150 ¥ 60
40 50 50 150 -0 150 80
48 0 ¢ 100 150 Dege¥* 50
54 50 0 0 50 50 %0
6 0 0 40 100 0 50
68 20 . 20 0 0 0 8
76 50 Tie 8y ¥ 0 0 0 0
8% 20 0 0 0 0 5
90 0 0 Ne@®% g Fh n g.Rw 0
96 0 0 0 © 0 0

105 0 0 0 0 0 0

110 0 0 20 0 0 4

117 0 0 0 0 0 0

144 0 0 0 0 0 0

146 0 0 0 0 20 4

158 100 Q 50 0 0 30

Numbexr ¢f " -

worns ab '

post-nortom 972 0 0 0

40 200

# Point of challenge. Opogsitive on nonguantitative zine sulphate
flotation only. ¥¥ Ho sample obtained. ' ’
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CABLE 6. Parvasitological Tindings in Lembs of Group 4 (B)

(Vaccinated with lervae recelving 60,000 roentgens).

Eges per

gramn of lanhd numnbey
facces on :

day: 1 2 3 4 5 MEAY
18 | +© +° 0 0 0 -
54 50 0 0 0 10
40 0 0 0 0 100 20
48 0 0 0 0 0 0
54 0 Q 0 O o 0» 0
61 0 0 0 100 4] ‘Qﬁ
68 0 ¢] 0 20 0 4
76 0 ¢ 0 0 0 0
8% 0 | 0 0 0 O 0
90 Ne 8, ¥ Neg. ¥ NeBs ¥ n,g, ¥% .ﬁ.s.%% -
96 50 20 20 0 0 18

Y103 20 0 o 0 0 4
110 0 0 0 0 0
LLT¥ 0 0 0 0 4] 0
144 0 0 0 0 0 0.
146 0 o] 0 0 0
158 0 50 0 0 0 10
Tugber of
worms atb
post-mortem Q0 0 QO Q0 O 0

% Point of challenge. © Positive on nonguantitative zinc suwlphate
flotation only. #%  No sample obtained.
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TABLE 7. Parasitological Findings in Lambs of Group 5 (B)

(Vaceinated with larvae receiving 100,000 roentgens).

Iges per

gram of lamb number
faeces on -

Aoy 1 2 3 4 5 MEAN
18 0 0 +° +° 0 -
34 50 0 0 0 0 10
40 0 0 0 O 0 0
48 0 0 0 0 0 0
Bé 0 0 0 0 50 10
61 0 Q 0 0 0 0
68 0 Y Q | 20 0
76 0 0 0 Q. 0
85 0 0 0 0 0 0
S0 NeSe % 1n,8. *¥F n.g®% n,g, ¥4 T, ¥ -
96 0 0 Q 20 0 4

10% 0 0 0 Q Q 0

110 0 O 0 0 0 0

117 0 Q0 0 0 0 0

144 0 0 Q 0 0

146 100 50 0 0 Q %0

158 10,000 2,800 50 0 1.00 2,590

Number of

vorms atb

post-morten

1,540 391 270 0. 0 442

* Point of challenge. ® Positive on nonguantitative zinc
sulphate flotation only. *¥ No sample obtalned.
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TABLE 8., Parasitological Findings in Lambs of Group 7.

(Vaccinated with noxmal larvae).

Lggs per
aram of faeces

Lamnhb numbewvw

on days
1 2 3 4 5 MEAN

18 +° +© 0 Q 0 -
54 1,000 1,000 3,850 900 2,450 1,840
40 300 2,100 2,500 1,700 4,200 2,160
48 1.50 450 700 1,000 250 510
54 600 800 2,050 4,200 6,450 2,820
61 150 1,550 850 5,750 7,600 2,780
68 900 300 150 4,200 4,200 1,950
76 0 0 100 2,000 2,800 780
8% ) 0 350 900 300 %10
90 0 0 350 "0 60 82
96 0 40 -0 0 150 40
103 0 0 0 0 20 4
110 0 0 0 0 0 0
117% 0 0 0 0 0 0
144 0 0 0 0 0 0

146 0 20 0 0 0 4
158 0 4,000 600 M.m. R 0 1,150
Number of 4
worms at emg ~ 1,450 1,500 150 0 620

post-mort

*Point of challenge.

Oy sns g . :
Pogitive on nonguantitative zinc

sulphate flotation only. #*% No sample obtained.
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PABLIE Parasitological Pindings in Lambs of Group 8.

(Gontrols = no larvae prior to challenge).

Hges per gram

117 144 146 - 158  posgt-morten.
1 8,000 normal larvae O 0 2,350 1,550
2 8,000 normal larvae O 0 8,850 25390
5 8,000 normal larvee O 0 4,400 430
4 8,000 normal larvae 0 0 1,850 44240
5 8,000 normal larvae O 0 25250 1,000
HMean 0 0 5 ¢ Q40 2,042

TABLE 10. Sumnmary of Results of Challenge Infoction.

Group Loentgen Hean Number of
‘ ’ Doge wormg Lrom challenge.
1(B) 10,000 ]
2(B) 20,000 0
5(B) . 40,000 200
4(B) 60,000 0
5(B) 100,000 442
| i Normal layvae 620

8 : Control 2,042
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 Bxperiment 13. Vaccinotion of sheep using two doses of
L-irradiated larvae of IH. conbortus.

Although there ig relatively 1ittle‘information on the
guantitative aspects of the‘immuue‘response to parasites, it
is known (Jarrett, Jennings, Melntyre, Mulligan, Thomas and
Urguhart 1959) that a typical snamnestic response occurs after

reinfection of ealves with D, viviparus. The much better protection

conferred by two, rather than one, doses of irradiated D.viviparus

vacecine was shown in experiment 5.

- gince Tield infection of lambs can be much highexr than
the challenge of 8,000 larvee of the previous experiment, it was
decided to apply the double dose method and to subject the lambs

to mueh higher challenge levels.

Materials and Methods.

' TwentythQ 'newborn' lambs were bought and reaﬁed wori-free.
-ﬂhe method of’feeding and the parasitological and irradiastion
techniques were as described in experimeﬁt l2. The lambs were

\eight months old at the start of the experiment.

Lxperimental Procedure.

The Lambs were allotted to four groups numbered 1 to 4.
Phere weré-five lambs each in groups 1 and 2,.and six lambg each
in groups % and 4. On ﬁay 0 the animals in groups 1 and 2 wexe
given orally 10,000 third-stage larvae which had been irvadiated
the same day with 40,00@ roentgens. On day 35, this was repesated.
On. day‘64, the immunity of the lambs of groups 1 and 3 was
challenged with 10,000 normal infective iﬁrvae and that of the lambs

in gfoups 2 and 4 with 50,000 normal larvae.
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AL of the animals were killed on day 114, wvhen sbomasel worm
counte were made. Faeéal egg counts by the lMceMaster method
were carried oul at approximately‘weeklj intervals throughout
the experiment. The design of the experiment is summarised in
Pable T.

egulis.

The faecal egg output and abomasal worm burdens of the
lambs are shown in Tables 2 to 5. The group mean egg countbs
of the controls Tollowed the expecied pattern: the lawbs
challenged with iQ,ODO la:vae reached é mean peak of 5,225 egas
pey g:am~28 daye (day_92) after challenge; those given 50,000
larvee resched 10,975 eggs per gram on the same day; the
corresponding mean counts of the vaceinates were 0 and 20,
,resPEGtiﬁeiy. The abomasal worm burdens paralleled these

- resulte. ’$he lower challenge-dose vaceinates (group 1) had a
nean of 26 ﬁcrms compared with 1,942 in the corresponding

controls (group 3); the figures for the 50,000 group vere a mean

of 6 worms in the vaccinates as against 2,455 in the controls.

These rvesults are summerised in Table 6.

Digoungion.:

‘The results indicated that, by giving two dosesg of vaccine,
3 conéiderable degree of resistance to single high and low-
challenge doses was obtained. Tﬁe challenge was divided into
a high and a low compoﬁent because we did not wish to overwhelm
the domuni vy of allrthe’lambs_by'using only the higher dose; the
lower dose provided approgimate chalienga cbntinuity with the

previous experiment and provided s more sensitive test of immunity. .
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However, 50,000 1arvaelas & @ingle dose was possibly too high
from g different viewpoint. The control mean of 2,455 worme
rvesulting from 90,000 larvae conmpared to 1,942 from 10;006

séémea'ﬁo indicqte éithar failure of establishment, prepatent
‘ el¢m1nqtien oy 1nh1biﬁloﬂ of d@velagment of 95% of the highex
dose. Immature Torms were searched for but only eceaﬁlonally
found in the hmgh ehallenge control group, which 1nd1ﬁated

*

one or ‘both of the former possibiliti €8,

‘ The 1mmunity praduced would probably be suificient to
protect Lanbs aga&ns% natural infections but factors still
‘:aﬂ be explorea befovre a&seqsinh the fmeid posgibilities of {
such a vaccine are

(&) the duration of the immunity ,
(b) the e fect o”'“mall, spdced doses of M. can%eytua, iece, 0of

a 'ﬁrlckle challenge‘ )

‘(e) the effect of vaccln@ting younger lambs. Ours were

probably older than wauld be prae vical under farm can&;hlana.
ﬁov long the resiatan@a would last is atb présenf an open

question. &isenko (19%6) has claimed that the immunity conferred

on sheep by doses of unaltered I, contortus can be maintained

for four years by 'periodic we-infection'.

QITﬁé‘vaceine itselfiis eapy bo make in large gquantities and
iﬁfﬁ@@éars to have good keeping gualities. This latter judgement
is %ased'ﬁalely on viability as appreciated by bthe appesvance and
,moﬁiliﬁy of.stare& larvae. There is no information regarding
Péteﬁcy of ﬁuéh larvae as immaniﬁing agents compared bto recently

prepaved vaccine.
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In general terms, X-irradiated H. contortus larvae show 90

to 9%% survival after three months' storage atb 6°C at a
concentration of © L0O0/nml.in aliquots of 100 ml. Qf:tap.water
in 8 o%., medical flats. Some such bottles of stored larvae
showed 70% viability after nine months. Hovever, these
longevity indicetions wvere incidental observgtions'and no
spgcific attempt wés nade to improve ér investigate this

aspect.
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TADLE 1. Bxperimental Plan. Double vaccination of Sheep
with Irradiated Haemonchus contortus larvae.
Challenge with Normal Larvae.

c;rgggbgf Vay O Day 35 Day 64 Day 114

i 16,000 | 10,000 10,000
irradiated irvadiated normal © Killed

lavvae | 1lawvae larvas

2 106,000 10,000 53, 000
irradiated irradisted normal ' Killed

lovvas lavvae larvae ‘

b} ——n e 10,000
: normal, Killed

larvae
normal Killed.

Larvae
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TABLYE 2. Paraglitological Findings in‘Lambs of Group 1,
‘ Vacecinated with Ivradiated Larvac., Challenge:
10,000 normal larvae of Hoemonchus contortus.
Lamb Bggs per gram of faeces on day: Kumber of
‘ - ' ‘ : worns atb
number 64% 66 T8 B85 92 99 106 113  postemorten.
1 0 0 0 O 0 0 Q 0
2 50 O 0 0 0 0 Q 24
% O 0 O 0 0 0 O 27
a4 ¢ o Q 0 0 Q 0 12
) 0 0 0 0 0 100 5 66
HMean 10 0 0 0 0 20 10 26
*  Point of challenge.
TABLE 5. Parasitological Findings in Lambs of Group 2,
’ Vaceinated with Irradiated lLarvae. Challenge:
50,000 normal larvae of Haemonchus contortus.
Lamb Boes per gram of faecces on day: ﬁggzzrazf
mumber 6a% 66 T8 85 92 99 106 113 post~mortem
6 0 0 Q 5@ %0 0 O 14
i ¢ 100 0 O 0 0 0 11
8 0 50 0 0 0 0 0 ¢
9 0 50 0 0 O O 0 0
10 0O 0 0 5 50 0o a0 4
Mean 0 40 0 20 20 0 4 6

*  Point of challenge.
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PARLE 4. Parasitological Fiandings in Unvaccinated Lawbs
' of Group %. Challenge: 10,000 novmal larvae of
- Hpemonchus contortus. ‘

Tamb Begs per gram of faeces on day: - Humber of
nuabeyr e , e . vorns atb
64% 66 78 85 92 99 W6 113 post-novbon
11 0 0 0 2450 1980 2%50 1450 827
12 o 0 50 5400 1300 2400 'SQG L7175
13 0 0 850 4550 6800 6900 7800 3880
14 0 ¢ 0 2200 2300 2600 2500 2680
15 0 0. 50 33%0 3750 1600 350 1346
16 0 ¢] 0 1400 1650 1200 1000 . 1145
Mean 0 O 158 3225 2958 2841 2267 1942
#  Point éf challenges.
RRLE-D. Parasitological Findings in vnvaeeinﬂﬁgd‘xambs
of Group 4. Challenge: 50,000 Hormal Lsxrvae of
Haoemonchus contoxrius.
nﬁi%gr vEggﬂ per gramn of faecea‘on day: mu§§er
64# 66 78 85 92 99 106 113 WOrms
at postb-morter
17 0 0 0 7050 7250 9750 12800 2740
18 Q 0 600 23250 13%00 6050 10600 4112
19 0 0 0 5550 5000 6650 550 1554
20 4] 0 2500 12900 10%50 9150 2750 1367
21 0 0 200 9900 550 200 350 630
22 0 4] 650 7200 4650 7050 10350 4% 24
Mean O 0 72510975 6850 6475 6253 2455

* Point of challenge.




TABLE 6. The Feak Mean Paecal egg counts per Gram
and the Group Mean Abomasal VWorm Counts
for Tembs Veccinated with Irvadiated Haecponchus
contortus Larvae and later Given a Challenge
Dose of Normal Larvae.
Peak Mean : Hean Abomasal
Group egES per gram worn counts
1 200 R6
2 40 )
{(con= %5 3 4 205 _ 1.842
trols) '
((3011“ 4 -101975 ‘ 2,455

trols)
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fxperiment 14. Vaccination of sheep spainst Haemonchus
| I contortus using single doseg of larvae sube
jected to one of three regimes of X-irradistion.

This and the next experiment were performed simultaneously
on the same bateh of lambs, utilising larvee from cominon harvests.

JHowever, the experiments are described separately for eanvenienée.

The preuent eX§er¢ment was aesxgncd to investlgaﬁe three

maln faetorw.

(a)xlrradiation rate. In the prevlaus experinents the
1rfad¢a£¢0n rate had been constant between 180 to 190 roemﬁgenaA
per minute. This relatively slow delivery of tens of ‘thousands
of reenbgens was t;meuconsum¢ng. However, 8 more pawerfulvmachine,
the Jlemens ?tab;l;pan, becane avaml&ble, wzth & capahl L1ty 01
dejlverjné X»irradlﬂtlom in the order of 600 raentg@ng per minute,
at ﬁhe same kilovoltafe and w&ﬁh the Samne &xt@rnal filtration
as beiere (see technlcal &pp@nﬁlx).AAth anay dose. 01 40,000
foontﬁena fram the Sienens was compér@d W1th 40 000 ana 60 000
roentgens Trom t&e oflginaliﬁ.h.I. GX10 machine.

'f(h) Vacéime‘pathogemiq;ty. As I, _contortus is a blood-

sucking warm; it wés»hecessary both to investiggte whether the
wérm“populaﬁien which did establish itself from the irr%digted
laf?aéicaused on appreciable drop in the haemoglcbin.of vaceinated
:'animals,iand to correlate thig loss Withﬁthé numbers éf worms

present.
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(c) The effect of a high challenge (50,000 larvae)
on lambs vaccinated once vith 10,000 irradist@d larvae.
This was to complement the previous two experlmen GE wh:eh
~included ﬁingle<vaaciﬂation with low challenge, and duuble

vaceination with high challenge.

Meterials snd Methods.
ifty lambs were hevaht and reared worm—fre@ a8 described
»in expermmeﬂt 12. -@hey were nine manths,clﬁ atb the.ﬁﬁ&rt of

the experiment.

The technique of irradiation was similar to that used

for D: viviparus with the exception of the larvae irrvadiated

by the Siemens unit, where the irradiation rate was approximately

three times faster at 592 roentgens per minute compared to 186.
‘?arasitalngieal techniques were as described in experiment

12 wihh the adaltlon that sex ratio cnunts were made on WOorns

£rom the faur groups kllled on day %0.

‘Ba@meglobin levels vere measured with a colorimeter® using

o, nuwnber 3625 filter.

'Expériment~'”grace&ufe;

- The lambﬂ Wcre &llouted to ten,wroups namhered 1 to 10, with
~five lawbs in each group. The allocations were based o a table

Qf»ramdom nunbers. -

#* 1vans Lleotros@lenlum Ltd,., St, Andrews Norkg, Eagex, lngland.
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| Gn‘déy 0 ﬁhé lambsg were treaﬁed as falloww:‘
Thos 3@ in groups 1 and 2 reecived lO 000 larvae wh;eh haﬁ
’bagn given 4@,@@0 roent&eng Gf Xmirr&diatlon From the GX10
 $3§hine a% the usual {*slov') rate ef 186 pey minute. Thoge
in groups 3 and 4 reeeived lD,OGOilarvae given 40,000 roentsgens
but at the faster vate of 592 per minute. Thatlambarin group 5
and 6 received larvae irradiaﬁeg.with‘éﬁ,eﬂﬁ roentgens at the
slowef rate by the GX10;~‘Thﬁse of:group T received 10;009 normal
1arvaé;‘froﬁ the common larval ha%vest; to act as %accihe lafval
édntrols. Groups 8 and 9 were aesignéted,ehallﬁugeféontrala and
'rééeivéd 1o laﬁvae on davvb.- (‘they alscAsarved ae héemaglobin
¢oﬁtrol until the time of the 1naet1vatman klll.) Cruup 10 lambs
.uerved an haeme globin contral& throughaut the @xperiuent, and

weco¢ved no larvae at any blmg. .

CALL lambs in all greups ware4blbaﬂééampled every 14 days for
haemog lobmn and packednuell volunme eqt:matlona throughouﬁ the
expermment, Qver the mamc perlad, 1&@@@3 sampieﬂ were ragulquy

eoileetéd from egch l&mbliar ese eount&ng.

| }Gn'déy 3&,-all-the iaﬁbs in gr@u@s 1,%,5 and 7 were killed
o de%ermxne both the deg sree of lafval 1n&ct¢vamloﬁ achzevcd and
the yrcpertxan«afﬁaleautq females surviving the 1rradlgtlcn.
Tﬁiﬁ't;mp interval of;30 days'%a%“cﬁosén~tﬂ‘@pp?eximate o the
cawxeupendlng intorval of exyer;menﬁ 12, bhereby keeping %he’

»9Aperimentg in line.




179«

- On day 60, the lambg in groups 2, 6 and 9 were given a
éﬁallenge infeetion of 50,000 ﬁormal larvae, whlle ﬁhase of

groups 4 and 8 vere given 10,000 larveae.

Gra@ps 8 and 9 thus acted as vespective challenge cogt?ols.

indayflﬁﬁ all lambs were slaughtered and the worms ﬁresenﬁ

in the abomasa were counted.
The degign of the experiment is swmnarised in Table 1.

Regults.

(2) Inactivation kill

| (i) Parasitological. In Table 2 are shown the
egg ané vérm counts of the four groups killed to assess the
degree of inamctivation. On a group basis, the egg counts
voughly paralleled the worm counts.
| Pable 5 shows the resulis of Student's 't' test applied
'i".o‘the-wormvburdens‘qf‘the.:&‘aurl,groups.w The worm‘numbera of
the irradiated groups show significent differences from the
control. In aﬂdition there is a probably.significanﬁ degree
of.difference,(p'<.02) between the twp:groups whose larvae
veceived the same irradiation dose (40,000 roéntgeng)ihut given
at différent.rates (186 and.592 roentgens per mionute, respectively).
Table 4 shows the sex ratio couhtskand percentages of the
‘wufms frem the four gpoupsﬁx.
Table 5 cantaiﬁs-ﬁhe-@esults of the ' fest applied %o the
‘femalé worm counts of each gfoﬁp}”whereby it was confirmed that
the female population of two of the irradiated groups diffared

significantly from ﬁhat of the controls (p <.005, and <.02),
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while the difference bebween ihe reﬁaining irradisted group

and the control was probably significant (p <.05). Also,

the fewale population resulting Lfrom the 'fast' 40,000 roentgen
group was slgnificantly (p <.005) smaller %han that from ite

*slow' 40,000 counterpart.

(ii)> Haematological, Graph 1 depicts the meaﬁ
haemoglobin le%els of the various comparable groups from day O
t0 the time of inactivation kill, vizm:i- groups 8,9 and 10, which
had received no larvaé, served t@gether'és one larger sigzed group
of haemoglobin conirols. Against them were respectively compared
the ten lombs (graups 1 and 2) dosed with larvae irraﬁiaﬁed at

10,000 roentgens ('slow! vate), the ten lambs (groups % and 4)

‘dosed with lavvae irradiated.at 40,000 roentgens ('Tast' rate),
the ten lambs (groups 5 and 6) dosed with larvae irrsdiated at
60,000 roentgens and the five lawbs (group 7) dosed uwith ithe saue

number of norital larvae.

Tables 6 and 7 show the haemoglobin diffevences fTrom +the
time of dosing to the time of inactivation kill; table 6 is
ccongerned with groups 1 and 2, 3 and 4, and 5 and 6, -~ and table

7 with groups 7 snd 8, and 9 and 10.

Table 8 demongtrates the application of the 't' test to
the groﬂp mean haemoglobin results.
‘The group receiving noymal lervae shows a highly significant difference

(p <.001) from the undosed countrols.
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\

Baeh giroup receiving ivvadiated larvee 1o highly significzatly

T

- adfferent (p <.001) Trom the normal-~lorvac control group.
CTinplly, the Yfomit 40, OO0 voerbgon group ead the $0,000
rownbgen group do not didfor significantiy from the uadosed
controls (p <.2% and <.% vespeetively), while the ‘slow' 40,000

srouvp probably (p<.08) diffors from the undosed control syoup.

(b} Chollengg rill.

=>4

{i) rﬂresiﬁﬂ*m@’&al. Pable 7 shows the pook egg counts
of groups 2, 6 snd 9 befors vaceinntion, after vacels n ion and
sl ber Gh&l}hhgﬁ together with %h@ abmmasﬁl werm‘ﬁauaﬁs. the firot
wos & cheek on the pre-czperimen “ql narﬂn%tie siatug, bub no
fToecen sémplaa were positive on 21 nenaulvh Zhe Flotation or Daevmann
eraminetion griar to vaceination,
Tng R0 ﬁﬂ,ﬁﬁﬁ roentgon gréﬁg hod Hebaster yﬁai ive ogs
'caun%a fdll@wihg vgeeiﬁaﬁian;‘ﬁut the @310 60,000 Aﬁ@ﬂt FOn group

"emwsnca negative nb this time. Following cuhallenge, nmost lambo

had ﬁaieﬁaey positive faeces with oy counts which yougshly
corvespondad %o thelw ! ¢n Al wornm counte. Owne of the challeaps
convvods dicd of haﬁm&uh@@is shovily belore the flasl A3 1, having

an obonagal burden oF 13,290 I, g@nﬁnﬁtﬁ& vorins. On & bagis of

the wowm counts, there is no eig uﬁ difference bebween the
GA2O 40,000 and GX10 643,000 W@mm&gnn gronps {numbers 2 and £)
and the control (group number 9), or betveen the tue G310 R AR

h”mm lves, (Teble 11).

Table 10 shows simllay deta for grouos 4 (Sicnens 40000

voenbgen) ond 8 (’lev* challenge control).
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The. §¢emﬁnu g*aup was negaulve for faecal egge pre- and powbm
vaceination but all lembs had positive egy counbva €0110wing
ahamlenga. The mean abumasal Worm bur&en o£~1036-g LJGb of
the  Slemens graup~was Qignificantly different (p <.Q05) fﬁcm
“~ﬁh§tﬂﬁf 35&3 + 1691 wdrms)éf control. group 8. (Table 11)."
(i1) Haematological.
fable 12 shows ihe change in &aemgglébin 1evel$ 6f the
‘Aflambs of wraupg 2, 6, 9 and 10 from the time of Lhdll@h&ﬁ to
«he time of hlll, and Table 13 demonstrates the mpyileablon

ol the 5 test to these group mean haauaglobin @ixierencaﬂ.

'&faug 10 is included as a navmalnhaemoglabin ecntrel.‘«“hefﬂ

.&';s a prehvbly significant difference (§><sﬁg) betueen tne group

‘(number 9} rec&xvxng narmal larvae. and that (nnmber lO) receiving

o no larVae' “the haemoélcbxﬁ differences bhetween the bwc vaaclnated

fﬁ,greups and th@ challenge eaﬁtral grou@ are not signlfzaaﬂt.

E Thé haemagiabin levels of the counirol 1amb WhiehFﬁied vere

- dW1 gas. nine days pﬁlor to death and 5.0 gns. %hreerdaysfbefcre,

”’\Wlﬁh pﬂckcﬁ aell volume values of 12.5% and 12% respéctively.

»~@g@1@~14 similarly shove the haemoglobin levels of groups
@lénd §}hwiﬁh'grcu§ lG“again included as a normai;haemagﬂabin
‘_‘céntroi; “here 15 a probthy significant dlfference (§-< Qg)
u(&) batuaem the vgcclnateﬂ group (number 4) and the Lp%}Len
contral (number 8) &nﬁ |
~(b) between the challenge control (number 8) and the haemoglobin
control (number 10).

The haematologieal results arve illustrated in Graphs 2 and 3
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) i m;msf}xma.
in psseswment of the vesulits of. thie experiment mélls
g&ﬁﬁ?&lly'iﬂﬁﬂ o p&rﬁﬁzﬁ gz)» one dealing with avents up
to the time of The insgiivation kill,
{b) the obhey denliing vith events

up o the time of $he challenge kill:- | o

e ‘iﬁ&ﬁtiv&tiana

Fhe results a&ta;naﬁ “From the xhwu%ivatiea'kili provided
Gofornatlon rug‘r&1§$ ﬁw& of the three queries wﬂi@h‘faxmé&
the waﬁiwnml&}f&r the cxpericent.

i&}'jmhm effa§% of incressing the rﬁ%@ of §~i§§$ﬁigﬁi$m

'Qn the parasiie. Thig. eaag&a&aﬁ can only be bakeon 88 & pilot

i

trial, y@rﬁxealaﬁlyfaﬁ vo Gifferent X~ray nachines vere wsed,
but it &@ﬁ%ﬁ?&ﬁ o Andicate Thet 40,000 reentgens of A-irvadiation

ﬁ@livaréﬁ at 592 ra&nﬁg&mé por minute, 'axar%@ﬁ an iﬁ&é%iﬁﬂ%&ﬁ@

0

i fect on i @g&%arﬁum 1@??&@ eﬁmngrgﬁle $0 &Q,ﬁﬁﬂ we n%g&n" EEN
the rote of 106 gay minwte. This bﬁ%ﬁ&ﬁlva %ﬁﬂﬁﬁﬁﬂu@ﬁ is made

on & hasis ofy 1} ‘the t&t&l vorn populstion rvesulting from

ﬁhﬁ ”fqm f 40,060 safﬁt“ﬂn gronp differed signifieamndly (p <.02)

)

feom its ‘sl@w‘ &Q,Qﬂﬂ'eeﬁﬁ%eryﬁr%, bk did not dif

W g v
LT

pignificontly from thal of the 6§;$S§;§Qﬁﬁtg@n EROUD .

1i) the nmean ﬁnm&af'af'rg eg in the 'fast!

Cdrvadioted group (0.8 4 1.2) 1o a%ariy-ﬁﬁa times less thaen bhat

fwnﬁ ?h@‘iqigwi £YOUD (;‘ + Te8), but is the sewe on that from
Ghe &ﬁ QQQ {f@ﬁﬁ (0.8 % 2.2)

L 3
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"ﬁowever, th@ fagt~irradiated larvae spen* only %24
of the ulﬁﬂ'ol th&i? 'slow! equivalents unde; the X-roy
heamn (5?.5 minubes, Pompar@d to 215) and, in addltion, were
*ﬁwdmateu in a larval conenntrabxon ox l? OOO/ml. gcmpmfe&
:;LO 40 OOQ/ml. The combined factors of shorter tme'and 10#@?
‘  conoent?aL1on would theoretically tend t0 nnhanc@ uhe affeut
;Jqﬁ.a<g1ven dosage of X-rays through providing a hx&th oxygen

-dﬁénsion during irrsdiation.

+

Vhoaher or not the *advantag&au cenditmeng 0£ %he Ffagter

rradl@Led grcup are quﬁntltatlve to the aztent of sxmulat;ng

'f;dn xnfrease in the ordew of 20,000 roentﬁens, is a mafter.for

'funai ey inve su*g&tlon.

1

-

Tho prongunced SuSGepbiblllty of the. male pqv gite to X~-irrad-—
“5iati0n was again demonstrated, as in experlmﬁnt 8 wnuh

D, ?éviuaruf and as reported, Jarrett, Jennings, uefntvvn and

havp 1960, ulth Ts_colubriformis. From Table 4 it can be seen

. thet the mean percentage of males in the inactivation control
group (number 7) is 49.5 + 0.8%, compared to Be T, 0:8% and 0.5%
- of grcﬁps 1,% and 5 respéctively; Phis greater'ﬁuSéeptibility
of mqles to nmirradlatmon hag been recorded also by %hlhhﬂb&lOVQ,
‘Karmancva and Shekhtman (1958) with Ta 1ralls, Riek and Kelfh
‘(1960) with 0. radiatum and Ciovdia end Bizzell (1960) wit

Ty pxel. In addition, Katz (1960) has recorded a 1mllay affect
on the heterogenetic generation of B, Qagillosqg with gamng

ivradiation from a c¢obalt~60 source,
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{(b) The necond factmv nhxoh the. exper;m nL s aesggn@d
to eluecidate was ﬁhelpossibillty of the vaccine Llisels Beihg
pathogenic through its ,urv¢v1ng $emﬁle comgancnu. & erddicism

¥

of the pv@viouc experimamﬁe\mnvolvlng;h. contortug (numhers 12

‘anﬂ 1;) ig that attent&onﬂwas focuss ed on worm mumbers bui not
o haemoglahzn levels. 1hl$ omlssmcn vas due to . pr&ssura of

!’S

work end was veetifi é ia the presenﬁ eypafmment.

‘<Eefar@nca o Table % shows ﬁmat twa of ihe vdcain@ groups = |

GXL0 ‘60’000 and. Siemens 40, 000 - wers indistinguishable

tatis jcallv iram the untreated ha@moglobin cont rolu, wh&ie
Hhe mhlsd vaecine greup - GX10 40 000 - was prabably “ignzfneantly
'(p <.Q)) aﬁfeetcd on the saume comparison. However, all %hree
‘ vacclna%ed groups @haxed highly significant haemoa10h¢n dlfferences
(o L. 001 in each Gau@} ccmyar@d +to that control group wh¢0h
V“CG&V@& the same number of narmﬁl ?afvaa. In this Lanﬁexi, the

%ult of an eaoeylmeni by Bemrack, Bmer&ck Shuney d Pcpe and

Ph&jllpﬁ (l958) 1s ef 1nterest. These. workerﬂ infected one gyaup

¥

. of E&mb% with: 20,000 mﬂrmal H. eonﬁortuS'larvaeo hey pex ledlcaily

’bled g second group nﬂtzl 1t a:prex&maﬁed to the mean h%ema zloblin

Level éf the infected animal@; on day 55, they challenged these

lambs and & third, contryrol, group wi%ﬁ 100,000 normal lavvaes

they aoﬂcluded that-yrauy‘é (as well aﬁ,group 1) vas significantly
esigbant and %hat one of the most 1mgortant faete?s in dmmunity

o haswonchosis is ‘the abal&ty of the sheep o withstand and

r@gpoﬁﬁ to the ha&morrhggic effect of the worm. However, to

deliberately induce vacecine pathogenlcity would geem o be |

I
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potentially hazardous and capable of too lititle comtrol for

widespread use in the field.

7. Challenge.

The lambs 6f the remaining three vaccinate groups,
numbers 2, 4 snd 6 were challenged with 50,000, 10,000 and 50,000
ihféetivé»larvae respectiveiy, together with two appropriste
contrel groups. A double level af‘whéllénge wag used for two

main reasonss-

(2) the 'fast' irradiation had not been used previously to
pfcduee a larvel vaccine and it was not wished %o
. risk pverwhelming an: unknown protectivé effect.
Thus, a Lower (10,000 larvee) challenge was waed
against the 'Siemens'! group.
.-_(b) in experiment 12, lombs. similarly vaccinated with
" - 10,000 larvae irrvadiated at 40,000 or 6&,000'ro@ntgens
successfully resisted a low challenges; the present
comparable groups were therefore tested;againsf a
high challenge: (50,000 larvae). -

\Aﬁ @mstnmcrteﬁ; the Sieiens group had a mean number of
2030 '+ 190% worne, which differed significantly (p <.OQ§) from
the mean of 3500 + 1691 of its challenge control group; This was
not -as good s level of imwunity as was shoun by ﬁhe‘409000 0? '
60;&0@ roentgen groups of experiment 12, . However, the challenge
level uss higher against‘%he Slenens graupg-being 10,000 coumpared
to 8,000, and produeing'3503 f 1691 worms in the present controls,

compared o 2042 + 1260 in the controls of experimSnt 123
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(thovgh not sig ni ntly mero,~p‘<0;20). Also, the sex raiia
- of 4d hﬁ:maleg in the abomasal count of the challenged Siemens
KOUﬂ ml&hm de;cate a perulsbance of irradiated £emw109 £xyom

vavglﬂmtzon.

‘Fgg counts have been lavgely lnnareﬁ in this digsecussion,
because while they did aperXLmately parallel the abomasil worm

burdens, they are subject in general to wide and ofben unpredictable

4

ayria iOﬂ (whether measured as eg8s pew gram or eggs per days

2

Spedding 952) and in - the particular case of ihl tyne of
perimgnu two further 1actors mqy operaoe° (a) cneman1¢ egtation
of bﬁnh imaunity (Soulsby, 1958; Stewvart and harden, ljg 3}

votal ox partial suppression of egg production 0¥ oulput..

{b) in saver&ly affected

anovexic Jlambs, the number of eggs per gram may be syiefactua 11y

boosted by a decreased faccal volume.

The mé&n WGrm'burd@né of the two oﬁher (GX10) wacclnate groups
ave harder to interpret, partly becque the wmﬁcly ranged worm
mumbers (¢.g. the Standard Deviation of + 4709 on a mean of 4410) of
the 50,000 larvae conirol group render statistlecal enalysis diifieult
compared to the tighter results of the low challenge group, (whose
mean and standard deviation wére 3500 + 169%). Also, theve may be
a degrae of compebitive inhibitlon in a single challenge of 59;000
lafvaep causing a numerical rveduction in the finsl population through
fae%crs\uﬂcgnnecﬁed with the hosts'! iwnmune gtatus. However, from
table 9, it can be segn that four lambs may be considewved to have
beeh'pre%ected' (on a bagis of 500 worms or less) in group 6

‘(leﬁ 60,000), and three in group 2 (GX10 40,000). In group 2,
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a mean sex ratlo of 4%% males, suggests, bubt does not prove,

that a proportion of the abomagal population was persisting

£

from vaccination.

In swmery, short answers to the main gueries posed prior
o the experiment ares
(o) The ovidence is suggestive that the rate of fA-ivpradiation

- may affect the degree of larval attenmation vesuliting from

o
e
)
&

game” total quantity of irradiation.

(v) The vaccine larval doses used in this experiment were nob

pathogenic 4o the lambs on a bagis of haenoglobin estimations.

(e) Bleven of the 15 vaccinated lambs may be congidewved to have
‘been~adequaﬁely protected, while eight of the 10 controls
~developed large worm burdens and one of them died fwom Llbs

challenge infection.
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Table ). Plan of Bxperimeny 14,

- The roentgen levels and rates, the larval
numbers used in immunising doses, and vhe
times of administering larvvae and killing
lambs. -

Hate of

 Crou ﬁ“mf‘ze’" Roentgen X-ray delivery  Larvae f?f{‘;ﬁg
wovp 10;’1{;“ - dosage Machine in Day O Day 30 g"“’”‘ %’O Day 100
SO D 0 en.‘tgeﬂﬁ - a&‘
per :
minute.
1 5 40,000 GX10 186 10,000 Killed = -~ - =
2 5 40,000 GX10 186 10,000 - 50,000 Killed
5 5 40,000 Siemens 592 10,000  Killed - =
4 5 40,000 Sicmens 592 10,000 -~ - 20,000 Killed
5 60,000 GX10 1.86 10,000 ' Killed - = =~
"6 5 60,000 GX10 186 10,000 - 50,000 Killed
A TR - - | 10,000 ed, - -
SRR ‘ normal L :
g 5 - - larvas © 10,000 Killed
I R - - W 50,000 Killed
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gupeviment 14,

Toble 2. Inactivetion kill on day 30. Abouasal
‘ worm counts and faecal egg counbs,the
latter being made one day previously.

Roentgen {=ray  Lamb = Number of eggs Mamber of worms
Group dosage MNachine Number per gm. of ‘ in abomasum
: , ' faeces »
- 40,000  GXLO 1 200 ~ 5160
2. 50 - BOO
3 Q o - B0G
4 (U 1,200

5 Q 860

Hean T64+ 269
5 40,000 Siemens 1 50 400
: ‘ : 2 0 340
3 0 120
4 50 280
5 0 e 68

Hean 3001 908
5 60,000 GXLO 1 0 440
, - 2 0 160
3 0 260
- 4 o 620
5 50 k20

CMean  B20% 186
T = - 1 1,200 5,000
' i 5,200 - 1,280
) 34750 1,660
4 2,800 1,800
5 10, 250 1,600

Mean 1, 870+ 591
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Lxperinent 14.
Table 3. Remus of a.pplying Student's 't'% test

the final naxm counts 01 the Lnagtxvavlenm
kiil groupg. :

"Probability that mean
vorm count differencs

FROL rﬁ“ N s .
Grovps compared: is due to chance

:";‘(Gx*dgﬁ ﬁﬁﬁu7l(é6nﬁrcl) g p <QQ$§y
r;ﬁ-(ﬁiemﬁna) * 7 (conbrol) | o @‘<;Gé1'
5 (6x60") 7 (control) p <005
‘1 (&Kf405) f 3;(Siemens) f“‘  p<. 02

* “henﬁesael correction chtor'for small
sample blas was applied in the ecalcula vhion.
of 'tt,
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Sex ratio counts of worms Trom

'inactivation kill' groups.
- Potal number Humbewr Number Percentage of
rroup of worms of of males

‘ counted for males females

gexing. ' R ‘

1 (A 17 2 175 1.1
40,0001, 2 2060 - 5 255 1.9
GELO 3 199 22 17 11.1

4 163 0 163 O

5 154 —. A Ged
- Mean T.2+47.8 Mean 179+ 38 Be'l

3o ‘90 O 90 9]

3 2 110 P 107 2.8
4G,000r. 3 102 1 NESXR 1
Siemeng 4 45 0 45 0
o 5 111 -0 L 0.

- - Mean 0.8+1.2 [Hean 9li 24 0.8
-5 L 157 0 57 0
60,G00r. 2 201 P S 198 "L.H
Loexo 3 204 1 103 L0
- 4 47 O 4T 0
{5 68 mmg ‘ almgéi‘?v ST AT
o - Meaa 0.8+1.2 Mean 115+ 56 Cah
e 1 954 42? gzg 1%%.8
T 451 225 2 g el
4 665 3358 227 50.8
5 415 205 | 210 49.4
- lMean 292495 Mean 297+ 98 Mean 49.5+ .83
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Pable ©. Repulis of applying Student's 'i'* test
: $0 the total female counts of the inact-
=ivation~kill groups.

Groups compared - Probability ﬁhéﬁ

inter-grounp difference ig.

due to chance.

| 1 ((%K'!’.b') and 7 (Comrél) | D <.c;3'£~3
% (Siemens)‘" 7 (Control) p-?.QOB

5 (6X'60') © 7 (Comtrol) o p <.02
| L '(@X.'zm’) ¢ 3 (Siemeng) : p <005

The BDessel correction figure fox
small sample bias was applied in
the calculation oif '+t'.

7,
P
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Individual end mean diffevences in haemaglcbin levels of

Table 6.
L U e e

Jnaciivatlaﬂ kill,

vageinated groups 1L and 2, 5 and 4, and % and 6 From the
third day following vqeu;nqsieﬂ to the dﬁy before the

Group mumber Lamnb

Haemagj@bin level,

ﬁqemaggab¢n level Differ~

and descripblion Number in mafJQQ m&. on in gos/100 ml. on  -ence
Doy 5 Day 29.
1,400,000, GXIO0 1 “ll.d 10.6 =(}o 5
2 ll [ 1. % o 3 “‘"'10 2
3 ll.f} ?Qu&. "‘1.-‘5
4 llﬁ‘@‘ ' 9 {“} __l'!‘)
5 9.9 10.0 +0. 1
- e 1 10,9 9.6 w~led
rza 41{09(}{};).!?:: ﬁ.‘fﬂ.ﬁ 2 1‘1.4 10,2 _’_1.2
) !5 11 - 6 9 © Q “‘2& 6
4 1205 :}{)b) -'-0 '
5 . 1l.6 10.% 2 T
o Mean 11.%0 Mean 10, Q“ Meanl,2040.70
o et “Hﬂﬁﬁnﬁmw&mmm%MMaﬂmmﬂ&;u_‘&:?ﬁ:;:nm~, #:.“"“‘ZL%@W
Be A0, 000y, Slemeng 1 12.4 9.9 -2eb
= ‘ 2 10.6 e -Q.7
3 le . 3 ’ ;{) ) 6 ! ““0 . 7
- 4‘ 1(}. O S.'\?e S =)o 2
5 9 * 8 1.{3 Y g . +() ] 4
4o 40,0000, Slemens 1L 10.9 103 ~0.6
o " 2 11.% 9.9 - =1.0
rfi - ll- 3.. 9 a E% "'1 . 2
4 1l.4 12.0 +0.6
) 10.3 : 10.0 ~=0,%
Mean 10.8% Mean 10,18 Hea ~0.68 +
o o A ,‘_‘_ - T - . 0-87 )
B 60,0000 GX1LO - 1 o 10.6 : 105 -0.1
R 2 12.2 N R -1l.l
3 12.6 10.8 -l.8
4 1i.1 10.8 - )
5 12.0 11.6 =04
6o 00,000v. 810 1 11.5 10.6 «0e Y
: ‘ 2 10,2 10.2 0.0
) 12.2 1i.1 w1l
4 11.2 9.8 ~lid
B il.2 106 =046
Mean 1l. @8 10 (3 .71 Hean=0 .77+ OoTT40 6(3
b R0 AT SR SN R i gl a3 rbom gy mmm it Ak it *‘”"”‘%‘*&”&””W"‘““ el
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Table 7. Individual and mean differences in hasmoglobin levels
' of undosed control groups 8,9 and 10 and layval control
group 7 from, the third day after doming group 7 to the
day bvelore the inactivation kill. .

Group number : Haemoglobhin lével Haemoijobln Lmvel
and Lamb in gms/100 nl. on in gns/i00 ml. on Difference

ae er;pblon. Hunber Day 3 Doy 29 -

8 undosed control

1 12.0 12.0 0.0

2 12‘5 :LEQ() "005.

% 12.3 11.2 2

4 10.9 1.2 +0.%

5 10.9 i1.2 +O.3:

o undoged 2 14,0 12.6 ‘ -1.4

control 3 11,9 1.2 . -0.7

4 - 1204 ’ 10.6 "108

' 5 10.9 0.9 ' 0.0

1 11,1 ll.g +0.%'

10 uwadosed § ‘ 1.2 11.5 +0.§

Gﬂn_bx‘ol o ?.D . 4- .1.0 ° S’? ‘f’O oD

o 4 1L.8 _ 10.5 t ~l.%

' 5 13.5 ‘ 11.9 ; =1.6

‘ HMeanil.82 | Mean  11.208 - Meon-0. b4+0 77

zw‘wﬁa%‘smnwmmmmummnu*ﬁmrm

7 cantrol 1 12.5 8.7 -3 8

dosed with 2 13.5 2.9 -5

10,000 normal 3 12.% 9ebH 2.8

: lawvae, 4 12.3 9.8 ) =23,

5 3?«0 ' ““féq:w% N ""'3 o?

Mean 12.52 . - lMean Y ,ﬁu@?ﬂ."3.18+0.46

’
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Table 8. Results of applying Student's '4'% tesd
: to une group mean ha@n0é10b¢nm3ovei differences
of tableg 6 and 7.

Probability that
mean difference isg
due to chanee.

Groups compared

7 (normal-larvae controls) o D < .001
and 8~0-10 (undosed controls) :

12 (409600r;@XlQ}'anﬁ BreGml 0 TP <.05
(Undosed controls)

Gemd) (AO 000r. Siemens) and : P <K.25
BMQHJQ (undomed Lonurols) :

bne (60,000r. GX10) and B=9-10 ‘ P <5
(uﬂéosed cantrels)

1= (40 000 0310) and 7 | p &.00L
~.(norm81m““rvae controls) ,

Bed, (40,000r. Siemens) and 7 p <001
: (narm&lnla?vae controls)

5.6 (60,0007, GX10) ond T | . p<g.ooL
'(n@rmdlnl rvae controls). L

% The Bessel correction factor For mnall
sample bias was applied in the calculation
of 'it.
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Table 9.

Regulits of faecal egg counte before

~vaecination and before and after

challenge with 50,000 larvae, bogethex
yith the abomasal worm burdens, of
groups 2, 6 and 9.

Pealk Meliagter

Group nNo. Max. ZNSO Molagter Abomasal
and flotation” egg count egg couns worm
degeription. egg count before after countk.
- before challenge. challenge.
vaceination. :
2e 1 -Ve 50 -Ve 0
40,000x. 2 ~ve 50 50 0
GE1LO 3 =7 V@ -Ve 500
: ‘ 4 -ve 50 5,000 1,480
5  -ve ~ve 54,250 14,860
Mean 3,370+ 5,771
1 -Ve -Ve T o
60,000r. 2 -V Ve 250 40
¢x1.0 3 -e L -Ve 60
4 -ye ~Ve 1,150 460
5 -Ve -Ve 1,100 m;%40
! Hean 6404 654
-9. ‘High 1 v -Ve 100 0
Challenge 2 - -Ve 9,450 1,580
controls' 3 - -ve 17,250 2,T40
?3- - -Ve 2,750 4’340
5 - -ve 12,650 13,%90

Mean 4,410+ 4,709
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Table 10. Results of faecal egg counts before
' vaccination and before and after challenge
with 10,000 larvae, together with abomasal
worm burdens, of groups 4 and 8.
group no. Max, ZNSO4 Peak Meilagter Peal McMaster Abomasal
and flotation egg couny egs aount worm
degoeription egg count before alter counts.
' : hefore vacein~ challenge © challenge

ation. ‘ -

4. 1 e , -ve 2,750 100
40,000r. 2 -VQ -re 50 160
Siemens 3 -ve -ve 5,360 : 520

' 4 -e -V 4,600 620
5 -V@ ] ‘ 4,100 52160
Hean 1,050+ 1,905

e 1 - -Ve 34450 820
'Low chall- 2 - Ve 12,500 2,680

~enge' % - ~ye 79200 3,400

controls 4% - ~TQ - 34,650 5,140

. 5 . -V 14 y'ﬁﬁg 5 2 440

Fean 3,500+ 1,691
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LL. Resgults of applying Student's *4'* test

Table
to the group sbomasal worm counbs of
tables 9 and 10.
o . Probability that mean
Groups coupared difference is due %0
chance.
2. (40,000r.GX10) and
9. (High challenge controls). P .8
6. iﬁo,OOOra GX10) and
9. (High challenge controls) P .2
2. (40,000r. GX10) and
6. (60,000r. GX10) p .4
4. (40,000r.Siemens) and
8. (Low challenge controls)

p  .005%

*The BDessel correction for small seuple
bias was applied in the calculation of 't'.
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i

awble 12. Individual and mean differences in haemoglobin
levels of vaccinate groups 2 and 6, challenge
control group 9 and undosed haemoglobin control
gguupiia, from the time of challenge +to the time
of kill. '

o

Group no. Haemoglobin Haemoglobin

~ and level in gms/ level in gusg/ Difference
description 100 ml. on = 100 ml. on
Day 57 Day 99
2e 1 11.5 12.1 +0.6
(40,000x. 2 10.9 11.8 +0.9
GX1.0) 3 12,3 11.5 ~0.8
. 4 10.9 6.4 ~4.5
5 11.0 1l.9 +0.
Mean 11.%2 Vean 10.74 lean ~0.5 + 2.0L
( 6{} ] 0{3()1“ 2 llo 2 110 5 ’ '}‘D.?}
GX10) 3 11.5 10.9 ~0.6
4 10.0 10.5 0D
ES : 11.8 : ll.l _0-7
Mean 11.10 = HMean 10.92  HMean ~0.18 + 0.49
, 90_ . l 10#3 5.4 ‘;4109
(*High 2 12.6 12.0 0.0
challenge 3 11.2 5e0% 3o
conbrols') 4 10.6 0.4 S )
Mean 11.12  HMean 8.12  Hean-3.0 + 2.99
10, 1 11.2 11.8 +0.6
(Undosed 2 11.5 11.6 +0.1
haemoglobin 3 10.9 - 11.5 +0.6
- controls). 4 10.5 1.5 +31.0
5  1L.9 AL =0.2

Mean 11.20 Mean 11.62  Mean +0.42 + 0.42

*Died later in day 99.
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'<TE@hl§f13‘ hegulﬁg of ﬁpplylng Student’ AR
o tegt to the group mean haemoé3ahin

dxffercnees of table 12.

Probability that mean
difference ia éue to
chsnece. o

Groups compared

Ge

(High ehallange cenirgls) , .

and ‘ p <.05 .

10.  (Undosed haemmglobln :
‘uontrals)

-k9- (ngh challenge controls) : R
and ' DL 24
2. (40, {)O()r G}{:!.O)w - ~ :

9. (ngh challenge eanbralu)
Cand » S
6. (60,000, CXlO) p <+10

10. (undo&eﬁ haemeglcbln
control) and T :
2. (40, OGOr.GXlO) _ P <.40

10. (undasaﬁ haamoglcbln eaﬁtrola) _
and u x L
6. (60,000, {}2&.1,0) - N p <10

*he Besgel correction for small
sample bias was applied in the
calculation of 't'.
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Table 14.

202,

Individual and mean differences in

haemoglobin levels of vacecine group 4,

challenge group 8 and undosed haemoglobin
control agroup 10, from the time of

challenge (Day 60) to the time of kill,(Day 100).

Group HNo.

Haemoglobin level

Haemoglobin level

Mean

11.20 Mean

-~ and . in gws/100 wl, on in gmg/100 ml. on Difference
deseripiion Day 57 ~ Day 99
g
(40,000r. Siemens)
1 10.8 10.5 ~-0:3
e 10.6 11.5 +0.7
-4 10.9 12,2 +1.3
5 9.9 9.0 ~0.9
 Mean 10.50 Hean 10.76  Mean+0.26 + 0.84
8%
(Low cholilehgo .
L eontrols) 1 12.0 9.1 ~2.9
o 2 12.0 9.0 ~%.0
% 11.2 1.0.6 ~0.6
4 11.2 5,1  =6.1
Mean  11.52  lMean 8.74 . Mean 2.78 + 2.38
| %g;aés@a 1. 1.2 1.8 406
haemoglobin 2 llf) %f'é S *g‘%
COI\"“}:’ 1?3) :7} 10.9 ot .-,3 AR : L
Yoro 4 10.5 115 C 41,0

11.62 Mean 4+0.42 + Q.42

* B <.05 for the 't' tést compsrison of the mean
differences in hoemoglobin levela of groups 4 and
8, and similariy p <.05 for groups 8 and 10.
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10000 NORMAL OR VARIOUSLY 1RRADIATED LARVAE INACTIVATION KILL
13
121
g
(=}
S ..
§ ~ GROUPS 8,9 and 10 (UNDGSED ;- HAEMOGLOBIN CONTROL
= ~ GROUPS 5and6 (GX10 60000r)
@
. ;23 T~ GROUPS 3and4(SIEMENS 4G000r)
O f \ GROUPS and2(GX 10 40000r) )
CR :
2 e’
R " GROUP 7 (LARVAL CONTROL) )
9 i
8 ——

01 3 5 7 6 11713 15 17 19 21 23 25 27 2030 :
| DAY OF EXPERIMENT ,

N S S

Graph l. Haemoglobin levels in Gms. pexr 100 m;.

T of groups 8-9-10 compared to groups
1-2, %=4, 5-6 and 7, Lfrom the time of
vaccination to the inactivation kill.
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i VACCINATION IHALL ENGE
137

— — — GROUP2(GX10 40000}

GRAMS HAEMOGLOBIN PER 100 ML.

— — = GROUP 6(GX 10 60000)

9 % ; :
------------- GROUP 9 (HIGH CHALLENGE CONTROL ) I i
) + onecontrol died L

GROUP10( HAEMOGLOBIN CONTROL)

2 4 ' 6 ' 8 ) 0 ) 12 ) 14
1 WEEK OF EXPERIMENT

Graph 2. Haemoglobin levels in Gma. per 100 ml.
of groups 2, 6, 9 and 10 over the’ wvhole
experiment.
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VACCINATION -— CHALLENGE
137

e+ e e .

— — — GROUP4 (SIEMENS 40000)

GRAMS HAEMOGLOBIN PER 160 ML.

o
- IR GROUP 8 (LOW CHALLENGE CONTROL) %
GROUP 10 (HAEMOGLOBIN CONTROL)
8 : : : - : : : : -
2 4 6 8 10 12 14
WEEK OF EXPERIMENT
1 _ - o
Graph 3. Haemoglobin levels in Gms. per 100 ml.

of groups 4, 8 and 10 over the whole
experiment. ‘ '
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Experiment 15. Single and double vaccination of shecp,

E;th~twé grades of larval number per vpecine
dose,_ sgainst o low (10,000 larvae) and a
high (50,000 larvae) challenge of Haemonchus
contortus.

In exPerimenf 13, doublé vaceination of gheep conferred a
high degree of resistance to each of the two challenge levels of
10,000 and 50,000 larvae reépectively. he number of irradisted
lavvae per vaccine dose had been chosen as 10,000. It was now
thought desirable to investigate whether adeguate protection could
he produaed wiﬁh smaller nunbers of larvae since, should such é
#accine bacome a'commerciai poasibllity, i%-would be imporiant
to avoid larval wastbage if half or & quafter of the crigiwal number
would suflfice. Hence an expériment was et up o test the variables
of numbexr of larvae per dose, one and two doses, snd low and high
(10,000 and 50,000) larval éhallenge; i.e. this experiment was
designed to dovetail experiment 13, thorefore close continuity was
obaerved particularlj regarding age of lamhs, voceine -~ challenge -

k11l intervals, irrvadiation dosage and rate, and both challenge

.\

levels.

L3

Materials and Methods.

As stated above, this and the previous experiment® rapn simultaneously
on wormafrée lambg from a conmon ba%ch, with larvae Lrom & common
harvest, lryadiated whé?e appropriate at the sane time. ‘The same
grbupﬁ, nonbers 8,9 and 10, served as 10,000 larvae challenge
contyrols, 50,000 challenge contirols and untreated haemoglobin

controls, vespectively, for the dwo experiments.
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'The pafaai%élogiéal and haema%ological technicues were the
same'ég before, as was the method of irrédiatian, except that
only cﬁe level - é@;OOC roentgens - wap used, this belng spplied
at the usual rate of 186 roentgens per winute, using the GX10

machine.

Bxpevimental procedure.

The lambs to be vaccinaﬁedAwefe allotted %o éighﬁ groups

-of Tive each, numbered 11 to 18. Qn'ﬁay O the lanbs in gﬁoups
-11 BO 14 recelved 2,500 X-ivradiated larvae aﬂélthése in groups
15 4o 18 received 5,000>K~irradiated lsrvae, (The larvel controls
for this batch of vaccine were the lanbs of group 7, described

in the previous ezperiment.)

On day 30, four of the groups éerezre«vaeginaﬁed as followgtw-
Groups 13 and 14 received a second dose of 2,500 Z-irrvadiated
. larvee, and groups 17 and 18 a sccond dose of 5,000. This batch
off vaccine was not strictly controlled by dosing and killing
a'gréup of same-hervest normal lsyvel controls, but five culture
lambug‘ﬁoseé with normal larﬁae from this batch, produced the

expected total faecal egg output.

On day 60, all the Vaéeinates were challenged with normal
infective larvae; lambs in groups 11, 13, 15 and 17 weceived 10,000
each and those in groups 12, 14, 16 and 18 each recgived 50,000
larvae, .As statéd? this and the previous experiment shered common
contvrol groups, two of which - numbers 8 and 9 - yeceived on day
60 10,000 and 50,000 normal larvae, respectively, for them to act

ag controls for the two levels of the challenge infection.
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4 thirxd groﬁp, number 10, received no larvae thioughout the

experiment and served to control the haemoglobin resulis.

A1l sheep were faeeeénﬁampled Tor egg~-counting regularly
throughout the experiment. All sheep wvere blood-sampled on days
-6, 1 and 8 (to establish a baseliné) and therealter at intervals
‘of two weeks, the last samples being obtained on the day prior

to. the final kill.

A1l vaccinated and contrel groups were killed on day 100 and

the worms present in their sbomaga were counted.
Phe design of the experiment is summarised in Table 1.

Porasitological. Tables 2 to 5 show the pealk egg counts

before and after vaccination, and aifter challenge, together with

the abomasal worm burdehs. None of the lambs had positive faecal

- egg eounts before vacciﬁation;,aft@r vacceination six groups contained
Velaster positive dndividuals but none with counts sbove H0 eggs
per.gram;i the postmchallange QgL couﬁts mostly approximated $0

the worm counts. The main characteristic of the vaecinated groups
wag the mavked varigtion in worm counte within each group; this
tendency secmed to be more exaggerated in the high challenge groups
(including the control). This intra-group disparity, together with
the small nuwbers of lambs in the groups, precludes the effectiveness
of analysing the worm counts statistically.

Haematological. Tables 6 to 9 list the dvop in haemeglobin

levels of the various groups ovexr the 40 days between challenge and

Tinal kill.
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The Tables also include the worm counts for veference. Tables
10 and 11 list the resulis of applying Student's 't' test Lo the
group results. Graphs 1 to 4 illustrate the mean haemoglobin

levels over the whole experiment.

DISCUSSION.
Three methods of evaluating the vesults of this experiment

ares-
(a) statistical comparison of the group mean worm
counts with the appropriate controls. |

{(b) Similer comparisons of the group mean drop in
haemoglobin values between the times of challenge
‘and kill.

(c) Semi-objective assessment of the 'awnbers protected!
within cach group on the bagls of, for example, final
worm counts; i.e. having set a somewhat arbitrary worm
count as the level below which lambs may be congidered
'protected'.

Method (a) can be discarded due to the disparity in worm numbers

stated above,.and method (b) is invalid largely for the same reasone

The histogram (fig. 1) indicates that the challenged vaccinabes
may be considered o be a bi-modal population and this increases the
validity of attribute sampling on the bhasis of the lambs' being

'protected' or 'not protected'. Irom f£ig. 1, it seems rewsonable 0

catimate that the ‘protected' level lies in the wange 1,000 1o
2,000 worms; accordingly, 1,000 worms was chosen as the level above
which lambs were not considered to have gsined protection by use of

the vaccine.
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(N.B., It vas, of course, considered that the'bi-modality' might
merely have béen a refleétian of the use of 2 chalienge levels.
Therefore, in fig. 1, the highey challenged individuals are
represented by the crossmhatche& areas; it still appears

reagonable to suppose bi-modality for each challenge level.)

Tablesy 12 and 13 list the numbers of lambs in each group which
gave evidence of protectlon; in Table 12, the lambg are considered
on a single or double voccine basis and'iq Table 1%, the basis of
comparison is the challenge level - i.,e. whether it was 50,000 or
10,000 larvae. It is evident that double vaceination has conveyed
no advantage over single vaccination in the experimental systenm
ﬁsed, and theve appears to be_littie difference between the two
challenge levels. 10,000 larvae is an easier challenge o
avaluate, having o stendard deviation of + 1691 on a mean of 3,500,

" compared to + 4709 on 6 mean of 4410 for the 50,000 contvols. It

D

is possible that the higher challenge was paribialiy inhibiting itsel.
through factors not dirvectly connected with the imoune status of the
howta, although inhibited larvee were not recorded during the WOrm

counts on highéshallenge 1émbsQ

However, of the 40 lambs variously vaccinated and challenged,
26 can be counsidered 'protected' (itables 12 and 13) cbmpar@d to the
10 -controls, 7 of which had worn burdens over 2,%00 and one of which
died from its challengé infeeﬁion. Thua, the waccine nay be
considered to have céhferred a prateétion which was real, bub
- gquantitatively wmarginal and it wouid appear that 2 dosies of 10,000
irradioted larvae, as tested in experiment 13, do form the minimum'

basis Tor adequate inmmunisation sgainst H. contortus.
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. At meems valid to euhpare Experiment 1% with the present
ong (15) as tﬁé latter Was.designed to complement it ag closely
a&ﬁpossihle, as was mentioned above. Reasonable parity:éf challenge
wasuachieved between Experimenté'lﬁ and 15 and statistically there
is-ﬁo significant differvence between either the two 10,000 challenge
control groups or the twe 50,000 challenge controls (p <0.1 and

pf<d-4 respectively).

There waa aléo no statistical differepce in worm counts ox
heenoglobin drops between the inactivation canﬁrals_(grcup 7) of
Expexriment 14 and thecomparable challenge contrdls(giqup 8) of the
preseﬁt experiment, (p}<0.3 for worm counts and p<<0.8 far;haemog1obin
drops). L | |
| ‘Regarding the hgemoglabin‘results; the guestion of posgible
pathogenié effects of the vaccine was gspecifically investigated in
experinent 14. In the pr@sent experiment, the mean haemoglobin
levels of all the vaccinéte groups dropped by approxinmately 1l to 2 gas.
in.the first three weeks after %accination (Grapha. 1 to 4). The
control haexoglobing also dropped over this Peridd,,thmugh te a
Jesser degree, ond it is probable that the vaccine was responsible
for & proportion of the drop among the foymer. As con bhe seén from
1graphs 1 to 4; only one vaecinated.group o the 5,000 larvae single
dosg - dropped‘b@lmw 10:grams of haemoglobin béforé challenge, on
one occasion wvhen it reaghed 9.9 grams four weeks alter vaccination.

--The results, of appiying’the ft' teét to the compared mean
haenmoglobin values alter challenge of the vaccinated groups and

their appropriate controls are shown in Tables 10 and 11.
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7t can be seen that, although both challenge controls differed
'probably significantly’ (p <.0%) Lrom the mon~parasitiséd
haemoglobin contyols, ﬁhe_majarity of the wvaccinated groups,
degpite all having final means approximately 2 gus. higher than
the challenge controls, nevertheless did not differ significantly

from them (or from the haemoglobin controls).
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Plon of expoximent 15.

" No.

. Roonbgen Ho. of Ho. of C
SO PP ; : TAY A NAY & P
CROup Of T mee  laTVee Gimes DAY ¢ DAY 30 DAY 60 BA)
! BEe per  VRCHiNe LK
m vaceing =atad
doae "
I — ,
S.
5 g - - 10,0008, killed
larvao
5 9 - - R co . 10,0000 ,
A & B X'
’ larvee Rt
Ea < . 5 aTa)
4 ) - ™ - v - G0, ()L’Gﬂ.
‘ Loy kille
3"(} 5 e oy wd L) LE: -y -
1a 5 48,000 2,500 i Lat doge
VRae :g.m, < 10 ,x}{}\m. e
L arvne kille
u..e‘:} {.3“ "ﬁ'i} = i:"{){} ' . & 5G@i «i. .}ﬂ st.,i:(; ){“%953@ ""j! ﬁ{} ) 092)21 -
\ : voseine layvae kille
3 5 40,000 29500 i iat dose &ad dose 10,0000 il Le
FaQeine vaaeing  lavvac T

5

W71

Taund
¥
\5‘
531

‘

40,000

46,000

A0, 000

40,000

4G, 000

lat dogne
vasoing

2,500 2

5,000 i 1lgd dose

vaeeing
5,000 i lat doose
Cwaseine

ist dosae

5,000 2
Faoeine

5, 000

2

let dope
vacoine

Sl Qone
vaGno xnr

o

208 done
vaogine

&nd done
vaccine

,}f} OQQﬁ v
larvae

10, 0G0
lLarvrao

50, 0000.
larvac

10,0000,
Layrvae
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fable 2. Resulte of faecal ogg counts before vaccinabion,
and before and afber challenge with 10,000 larvae,
together with abomasal worn burdens, of groupe 11,
1% and 8.

Prrrs

LT

Garoup No., Max. ZN804 Peak lictiagter  lMelaster egg Abomasal
and flovation' egg count count after Woxrm
descripiion - egs count  before challengze count.
' before - challenge )
vaceinat. o
Al.8ingle 1 ~-Ve -G 50 0
2,500 2 -V - FE -TE O
3 ~Ve 20 100 0
4 -Ve ~Ve 1,600 Q0
5 ~Ve CeVe - 600 . 680
’ .1,:3 +Double 1 -3 ~VE -ye . - 20
2,500 2 -Ve -Ve ' 150 100
3 ~-ve - 1,800 440
4 -Ve -ve 5,100 1,900
) -Ve, -ye 14,150 2,440
- 8. 'Low 1 - - 59450 . 820
challenge' 2 - - 12,500 - 2,680
control. 3 ~- - T:200 - 59400
4 - - 54,650 5,140
5 == il 1‘4,‘5}50 ’ 5;440
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Pable 3. - Regulis of faeccal egg counts before vaceination,
: and before and after challenge with 50,000 larvae,
together with sbomasal worm buidens, of groups 12,
14 and 9.

Los

Group No. - Max.2N80, Peak Heloster MNelaster ogg  Abomasal
and : flotation ogy count count aitew worm
doascripition  egg count hefore challenge count
' before challenge
vaceinat. ,

12. Single 1 =Va . =ve - -ye ; 20

2,500 2. - even . 50 . - @ 60

% Ve . =Te - 950 & 160

s -V -ye : 6] 960

5 -V ~V@ 12,600 75360

14, Douvble 1. -V L wVe =V 0

C 2,500 2. -Ve L =T ' 50 0

‘ 9. -V - Ve 2,350 O

4 . =@ . -V 10,100 5,000

5. =Ve . -Ve 16,500 7,380

-8, 'High i - A ‘ 00 0

challenge' 2 = L =Y 9,450 1,580

, control 5 - -V 17,250 2,740
F 4 - ~Ve 2,750 4,540
5 - N 12,650 1%,%90
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Table 4. Results of faccsel egg counts before vaccination,
© and before and after challenge with 10,000 larvae,
together with abomasal worm burdens, of groups 19,
17 and 8.

Group lo. Mazx. ZNSO Peal: NclMagter  lHclaster egeg Abomagsal

and - : flotvatbiol egy eount count after Worm
descriphion ege count hefore - challenge count.
; hefore challenge :
vacelinat.

15. Single 1 ~ve 50 200 o
5,000 2 -ve ~ve 750 12000

e e —ve 5,000 1,840

4 - —-va 100 2,000

5 =@ =VQ 22,700 6 » 000

e 1 -ve . 50 300 40
17. gogg%e 5 e 20 100 60
5 5 Ve L wve 250 200

4 - S eye - 45900 1,300

g —ve 50 9,700 5,720

o challenge' 2 - - —ve 12,500-. 2, 050
control, 3 - | Ve | 75200 e

) 2 . A B4 4 650 5,140

5 - —ve 14,350 5,440
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Table 5. Results of faecal egg counts before vaccination,
' and before and after challenge with 50,000 larvae,
togetvher with abomasal worm burdens of groups 16,

18 and 9.
Group Ko Max, 2850 Peal Mellagter MeMambter egg Abonagal.
and flobation egs count gount afher WO
cescription egg cound belfore challenge count
befoxre challenge
vaccinat,
16. Single 1 -ye -ve Ve 40
- 5,000 2 =Y E - BD G 50
, “ -Va -Ve 600 860
4 L] B’ L2 14 9 550 4 'y 820
5 -Ve -y 11,750 5,600
13, Double 1 =V 50 S AG 0
5,000 2 =ye -ye 50 0
3 Ve " 20 20 40
4 L) T -ye 1,850 560
5 =@ Y@ 5,000 2,180
9, "Migh 1 - ~VE 100 0
challenge! 2 - @ Ve 9,450 1,580
consrol 3 - -y 17,250 2,740
A - “YQ 2, TH0 4,%40
5 - ~7Q 12,650 13,590
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- Table 6. Individuals and mean differences in haemoglobin
levels of groups 10,11,13 and 8 from the day (59)
before challenge with 10,000 larvae to the day (99)
before final kill; together with abomasal woxm

burdens.
Group Ho. Haemoglobin  Haeemoglobin Abonapal
and « level in level in Differencs WOXm
deseripition eng/100 ml.  gms/100 mi. SRR burden..
on Day 59 - on Day 99.
'10: Undosed 1 g2 1.8 +0.6
thaemoglobin 2 1165 11.6 +0e L
control' B 10.9 1.5 +0.6
4 10.5 11.5 5
5 1l.9 1.7 : 0,2
Mean 11420 11.62 40,428
Ile Sil/lgle 1 l(}.§ 1105 +0a L ‘ 0
2,500 2 11.8 11.8 0.0 0
4- 1.0-3 1004 . “"Qal . 600
5 9.6 10.9 w1e3 680
Nean T0.76 11.54 F0.0840 . 250
' 0.5L
1%, Double 1 11.5 15.5 K +2.0 - 20
24500 2 10.9 10.6 -0.% _ : 100
.3 1l.l 1142 o 4041 ) 440
4 11l.5 10.6 0.9 E 1,900
5 10,5 - 10.4 ~{) ol ' 24440
fean | 13,70 11.26 0w L6y 980
8. *Low 1 1.2 10.6 -0u6 820
challenge'? 12.0 9.1 ~2.9 2,680
control B 11l.2 9.9 =)e3 %4400
4 11le2 5.1 ~0.1 5,140
- 5. 12,0 9.0 ~3.0 5,440
Mean 11.52 Be'T4 —3.784 %, 500

2. 40"
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fable 7. Individual and mean differences in haemoglobin
» o levels of groups 10, 12, 14 and 9 Lrom the day
{59) before challenge with 50,000 larvae to
the day (99) before final kill, together with
abomasgal worm burdong.

Qroup Ho. Haemoglobin Haemoglobin A
e % : “ og? QCHOL bin Abomasel.

ang level in level in Difference  worm burden .
desceription gue/ 100 ml. gms/100 ml. S - b :

on Day 529  on Day 99

10, Undosed

i 1.2 11.8 +0.06

"Heonoglobin 2 R 1Ll.6 0.4
conbrol® % L0.9 11.5 +0.6
-4 10.5 11.5 +1.0

) 11.9 13,7 02

e d

04

Mean  11.20 11.62

jo. @
N
AN

L

*

fod ot fomnd o
L OO
Wb B O

:__J
% .
: O
o
-1
-~
;,_.;
foad
o

- * L 3 L]

B
ey
=
=
Ly
L

Ul

34 l0p90 _%G(E?# 1,712

Uad5
14, Double 1 11l.4 11T 3% 0
2,500 & 10.6 12.6 +a.0 0
‘ 3 9.9 10.6 0.7 0
4 10.2 Sl 1.8 %,000
LB 11.6 9.2 22sd, 7,389

N
<
-~
ol

Hean 10,74 110,50 0. 24

9, 'liigh 1 10.9 10.8
challenge' 2 12.6 12.0 ,
contiral. 3 105 5 ¢ ’
4 10.6 9.4 S 4y
5 1l.2 5.0 =8.2 13,
Mean 11.12 ' 8.12 CoeG e O 4,410

T TR . AR AR KT
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Tabls 8. Individual and mean differences in haemoglobin

S levels of groups 10, 15, L7 and 8 from the day
(59) before challenge with 10,000 larvae %o the
day (99) of final k11 bOéeuhGA with abomasal
worm bhurdens.

Group No. | Haemogiobin" Haemoglobin ; .
and level in level in bDifference Jbiﬁabal
deseription gns/ 100 ml. gos/100 mis - éﬁéd
on Day 59 on Day 99 : raen
10, Jindosed 1L 1l.2 - 11.8 +0.6
Haenoglobin 2 AL ‘11.6 4ol
oonﬁrol‘ 5 $10.9 Al.5 . 0.0
4- 10,5 ALe5H 0. L
Mean - 11.20 11.62 Q.42+
S ' " Q.48
1%, Single 1 10.8 R +047 440
5,000 2 ‘10.5 10.9 04 1,000
' 3 ' 9 08 - ulo‘ 2 "f‘()o[z‘ 15840
-4 10.8 ALl 5 06 T 2,000
5. 9.8 6.8 L 53,0 64000
Mesm  10.%4 10.18 20, 1.6 2,256
. | , “led2 '
" A7. Double 1 10.2 11,2 1.0 40
5,000 2 13.2 12.2 " Ao (3 60
P 10.% 1l.4 - C k0.9 %00
4 3.0.2 210.5 40 5 i, 300
5. 2.8 10,8 22,0 3, 120
' MO&}I \3.0.98 llQ 22 ‘n‘o?a “4 i‘ - l, 084-
' 1. 54
8. 'Low 1 il.2 10.6 PRIt 820
éhallenge' 2 12.0 9.1 AQQQA 2,680
~control 3 11,2 9.9 - B %4400
’ 4 11.2 . ‘503« e o:L 5;140
Mean .52 8.7 =2.784 5,500
2040
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Table 9. Individual and mean diffewences in haemoglobin
~levels of groups 10, 16, 18 and 9 from the day
(59) before challeange with 50,000 larvae to the
day (99) of final kill, together with abomasal
worm bhurdens. :

- TR

- Group No. Haemoglobin  Hasmoglobin © Abomasal
and level in level in Difference WO
desciription gins/ 100 ml.  gmg/2100 ml, burden

on Day B9 - oun Day 99 ;

10s Undosed
"Haemoglobin
controldt -

11.2 11.8 0.6
11.6 11.46. 0L
10.9 “11.5. 0.6
105 115, 4.0

2l py -

| o : - Ly . Ty
. dde 9 Aol Fellec

Mean 11,20 11.62 40 e 2

¥

W AR

16, Single 1 - 12.1 . 10.9 142 ~ 40
5,000 2 10.6 2Ll 105 500
3 11.4 11.4 0.0 860

4 10.5 8.5, w200 4,92

i il.2 —lady m2ed 22000
Moan .12 10416 =04 96 2,%84
S T 05 '

1%, DPouble

115 AN 4042 0
5,000 | .

101=2 lGn 8! ' '{‘C y
i0.3 11l.5 . N 40
11.1 11L.6 0. 560
- +0:0, 200, ERETY O 22180

Mean 10.62 11.12 '%GGS? 556

12 PR S ed

9, 'High 4 10.9 10.8 LI 0
challenge' 2 12.6 12,0 0o 1,580
control % 10.3 5o 4 C=d e 25740

4 10.6 9.4 wl ol 4,340

- Aled 2 o8e2 1352390

Mean 11.12 8.12 g (I} 4,410
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meJL 10 Results of applying Student's '+

¢ e gy +ln
LR8Y
to the group meai hpemoglobin differences
1i5ued in tables 6 and 8
\ H
‘ Gyroups compared ; Probability that the

haemoglobin difference
between groups in due
to chance.

1 3

PPETA
A

10. (undosed 'hachoglobin' o
control) and o }
"“ {*low challenge’ conﬁrol) S P K05

11, (SLH e 2, 500) ond

B, (‘LOW chalTOng' _

. control) . . p <05

lﬁﬁ{ﬁfuble »500) and ¥

8. ('low ¢ha 1lenge'
conbrol) , P <10

ib,(ﬁsﬂ\ze ,OOO).an& O

~8°{ﬁzs mnallen c‘contral) : P.<.10
(double 5,000) and - _
(Low challenge' contwrol) - <10

s

. t
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Table 11, Results of applying Student's ¢’
o test o the group mean haemoglobin
diffevences listed in tablesg 7 and 9

Probability that the
haenoglobin diffcronce
between groups is duve
t0 ¢hance,

Groups compared

’ ' © 10. {undosed haemoglobin
: control.}) and ‘
9, ('iigh challenge!
control.) ‘ ' : P <.05

L2, (ﬁinglela,SOO} and
9. ('High challenge'

control) P <05
14, (double 2,500) and
9. {'High challenge! /
‘ control) , p <. 20

16. (single‘ﬁ;bﬂ) and
9. (*High challenpge?

. ’I L ]
contrel.) P <°%).

18. {double %,000) and \
9. ('High chellenge! control). p <05

w
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Table 12. Comparison between pingle and double vaccination
on an atvtribute basis of the number of lambs
Tvrotected' ox 'not protected’.

Fxperimental Group No. " PROTEGTED" PO Retio o
treatment and’ ‘ | PROTECTID® ';oiget;
' description 0~99 worms 100-399 1,000 and got—
‘ - WOXIs NOYe WOrMme protect
11‘.' single o - \
2,500 3 2 -0
s 12. single - . o
- slngle o : . .
vaceination 2’300. 2 o 2 - 1327
and - 15. single ‘ f
challenge 25500 o x i 4
. 16. ffii?:lgle
5,000 1 2 2
z*.mn*;mxwwmmmmmu . - SRR
1%. double
24500 1 2 2
double 1l4. double ‘
vaccination 29200 3 . Q & 1537
and. 17. double :
cha;i..leng,e 5,000 2 » 1 o
' 18. double o
5,000 A 1
FORN AR e il eyt i Ak = A T e T T T S T I A N Iy T os
8, 'low ' ‘ :
: challenge? 0 1 4
noprmal control

Larvae .
Larve 9. *iigh

challenge' 1 _ 0 4
control. -




Table 13,

e -:.mm.v. =
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Comparison betveen low (10,000) and high
(50,000) levels of challenge on an et tri bube
bqams of ‘the nmumber of lambs 'protecited' on
"ot “”OBGOLed'

. ) . . " ] SO
Ixperimental Group No. 'PROTEQT@D' PRO&ECTRD' Retio of
treatment and ' R rotected s
desceription - o-=99 worms  100~099 J.,000 and E ctmrrobec
WOXME  MOTe Worus b=p
11l. single o L :
2!500 ' 3 2 S
'ﬁ&nblé or 1%, dbuble 7 _ o ‘
double 2,500 i , 2 2
vaceination; 15. single, : , . 12:8
T0% ),900 : o l' _4
challenge  17. double - o
5,@00 2 1 2
SR St acr A ”L*’Q&'-‘.-?-?:,“Q¥ = s e TN Sy R e s ey o : TR B (WA e i =7
Tow 8. '
control 0 1 4 3
~ c¢hallengo * : 134
'r(:..! umm}mmmmwm TR L L UIRE i SO N A e, Rk R 20D Y )
12. single
2,500 2 2 L
s;nn.lﬁ or 14. double _ ‘
double 2,560 3 0 2
vacclnation; 6. single ; 1436
igh 5,000 1 2 2
chall enge 18, double
5,000 3 iR 1
by 2 mmm‘;m.w*gm A N L T T T I I D A T TR

leh
thllenge

9. control L 0 4 L1:4
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T . L M s L C e i maiaanl aan — e

] 1ST, VACCINATION 2ND. VACCINATION CHALLENGE }
! . é
é 13 l l l :
| R i
f i
Yoy |
¥ |
T8 i
[\ !
&
‘ = ™
S . .
< "
~1 )
' 8 10
- F
- — — ~ GROUP 11 (SINGLE 2500)
b
. ~ ..
L% ——— GROUP 13 (DOUBLE 2500)
| \
! 9 1 A
L GROUP 8 (LOW CHALLENGE CONTROL ) .
) —————GROUP 10 (HAEMOGLOBIN CONTROL )
8 — : : : . : , : : : : : !
2 4 6 8 0 12 14 ’

WEEK OF EXPERIMENT

Graph 1. Heemoglobin levels, in Gus. per 100 ml.,
of groups 8, 10, 1L aand 1% over the )

whole experiment.
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1ST. VACCINATION 2ND. VACCINATION

CHALLENGE
134

121

~
—

S
~
\

— — — GROUP 12 {SINGLE 2500}

GRAMS HAEMOGLOSBIN PER 100 ML.

= — — GROUP 14 (DOUBLE 2500)

swemeee - GROUP O (HIGH CHALLENGE CONTROL) I
", one control died
————GROUP 10 (HAEMOGLOBIN CONTROL)
' 8 — : —_—
2 4 6 8 10 12 14
] WEEK OF EXPERIME
b e e e ... . . WEEK OF EXPERIMENT _ .

Graph 2. UHaemoglobin levels, in Gms. per 100 ml.,
' of groups 9, 10, 12 and 14 over the
whole experiment.
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——— et e e e O -

I ST VACCINATION TND. VACCINATION THA LLENGE

13 1

— — — GROUP 15 (SINGLE 5000)

GRAMS HAEMOGLOBIN PER 100 ML

— — ~ GROUP 17 (DOUBLE 5000)

i 9
------------- GROUP 8(LOW CHALLENGE CONTROL)
‘ ———GROUP 10 (HAEMOGL OBIN CONTROL) !
' 8 . . - — . . ~ — —
; 2 4 6 8 10 2 14
! WEEK OF EXPERIMENT o ) L
2 aemoglobin levels, in CGns.per 100 ml.,
Graph 3. aenog s ]

of groups 8, 10, 15 and 17 over the
- whole expevinent.



GRAMS HAEMOGLOBIN PER 100 ML

13 7

—
-~
L

~
Q

©

ST VACCINATIGON 2ND, VACCINATION CHALLENGE
kA
A/ ",

— — — GROUP 16 (SINGLE 5000}

— — — -GROUP 18 (DOUBLE 5000)

<= GROUP 9{HIGH CHALLENGE CONTROL)
one conlrol died

GROUP 10 (HAEMOGLOBIN CONTROL)

2 4 6 8 10 12 14
WEEK OF EXPERIMENT

Graph 4. Heemoglobin levels, in Gus. por 100 ml.,
of gwroups 9, 10, 16 and 18 over the

.

whole experiment.




Co

1

NUMBER OF LAMBS HAVING WORM COUNTS
IN THE STATED CATEGORIES
9

iure 1. Histogram shoving numbers oi
distributed according to five
of worm population magnitude.

OD

1 miik



the ivradistion method of producing sn anti-parasitic

vagelne was evolved on D. viviverus, @ nouasede with a svatonico
e B

migratory eyele. In Pard IV ave described superimente in sheep

in whidh a similar type of vaccinating procedure is applied o
He countorivg, wnlilch windergoes only & iimlted local nlgration.

X,

t of this ezperlnaent was o ealibiaie

Taperinent 12. The mein objec
the amount of ﬁmirraéiatisn-r@quiygd o appropristely inactivade
the larvae. Flve levels gf.irraﬁi@%ian very usced, ranging from
10,0Q0 o 100,000 wroenbgeng. Hach lamb wan vaceinoted onpe with
10,000 lervae. One month later, lembs from oach @rsﬁp wore killed
ba &dt&ymiﬂ@ the degres of ingetivation. It wos fauﬁ& th&t, a8
applied in the ﬁfasﬁnt gxperiment, 30,000 and 20,000 roentgens
providad oo 1ittle insctivation, and lﬁﬁ,ﬁﬁé to0 much. fhe
“Qﬂ&iﬂiﬁﬁ vattinates were chéli@ﬁge&, sogether with conlrols, and
all were killed 46 days later for wowi ¢eounting. The servicable
Cdevel of ivrediation, $o provide both ingetivation and Lwmanisobion,

lay in the rangs 40,000 toe 66,000 raemﬁgeﬁaf

Fupevdment 13. In this trial, Huo groups of lanbs vere vaacimaied

duwiee, (10,000 larvace, 40,000 roentgens). Tuo groups were used io
order to accommodate two ahallﬂng@ dlevels, s lower one of 10,000
lorvae $o provide cgnﬁinuiﬁy with éﬁﬁeﬁim&mt 12, and o higher one
of 50,000 larvae to subject the vaccine to a more rigerous lbest.
Within the limitations of the experimﬁﬁﬁml systen used, a high

degree of resiatance vas obbained.
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Experiment 14. Three main factors were investigated. IMraet,

a bateh of vaceine was irradisted with 40,000 roentgens, but

a% threeAtimeg the rate previously used, ?or inactivation, it
appeared to correspond to 60,000 roentgens atb thé slower rate.
Second, vaceinated lambs &ere investigated»haemaﬁologiqaily foxr
pbﬂsib&e pathogenic effects of the\vaeeine.‘ Such eifects were
not significant in the 'slow' 60,000 and *fant" 40,000 groups,
and probably significant, but marginal} in the 'slow! 40,000 group.
Third, a high challengé, (50,000 larvae), was given to two groups
of lombs vaccinated once with 10,000 laﬁvae (irradiated with |
40,000 and 060,000 'slow‘_roe#tgena)f This was to complement
experinents 12 and 13, ﬁhich did nei’ihclude,single vaccination
against high chanllenge. Seveﬁ of the ten 1ambsfso'challengeﬁ

were considercd to have been probected. The basis of this

. agsessnent ls discussed,

Experiment 15. In the three previous experiments, the vaccinating

nunber of H. contortus larvae wes constant at 10,000 per dose. The
present experiment was set up to inveﬁtigafa the eifects of reducing
this number to 5,000 or 2,500, with single or double dosing, againgt
a. idw or high challenge. OFf the 40 vaceinatés uvnder trial, 26 were

considered to have been protected, whereas seven of ten controls,

one of which died, wevre severely infected. However, il wag concluded

that none of these vacecinating regimes were suitable and that a
minimum basis for adequate protection would be two doses of 10,000

irvadisted larvas.
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Technical Appendix.

Baerménn& The method used was the‘sﬁandard one of
spreading approximately 100 gms. of faeces onto a filter
paper and inverting this over a nine-inch circle of copper
gavze (of 20 neshes per linear centimetre). The gauze
rested'bn the water surface of a Baermenn funnel. The
apparatus was then placed in a héated room,'at approximately
24°¢.., for 12 hours, after which the bottom %0 wl. of water

were collected and examined for sedimentzsd larvae.

As no reference could be readily found to the specific

sensitivity of the Baeymann method towards larvae of

De viviparus, the following brief test was run. Appraximately
- 600 gms..of faeces were collected from a culture calf and
thdroughly mixed. Fifty separate Mclaster estimations were .
madé'on it in an attempt to providéAa count.of reasonable
acéuracyf Tﬁe mean of ﬁhese, 250 + 45 larvae per gram, vas
taken ag the larval content pexr gram., The remaining faeces
-were mixed with autocleved faeceg from a,noh~infeeted calf, for
'ballast' purposes, in the propértions éivén in Table 1, to

form a series of Baermanns.
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Proportions of 'larval' to 'ballast' facces,
with the number of lsrvae estimated to be
present in each Baermann Ffunnel, together

Table 1.

with the percentage recovered.

Istimated

Tarval faeces 'Ballast! Homber Percentage
: : number  recovered recovered
of larvae
1006 - 25,000 13,500 542
506 506 12,500 6,450 51.6
256 756G 6,250 3.900 - 62.4
12.56 87.5G 5,125 1,150 6.7
6.25G 93,756 1,560 - 850 54.4
540G 97.0G 750 225 50.0
1,56 98.56 375 100 ' 26.6
JT56 99.25¢ 1190 75 39.4
«HG 99.5G 125 50 40.0
« 256G 99.75G 60 2L 55.0
LAG 99.9G 25 6 24.0

this had no apparent effect on the percentage recovefy.

The reswlts listed in the table ave for Bacrmanns which
vere set ﬁp with 'cold' water as it came from the tap at
approximately 12%. However, é% each faecal weight & duplicate
Baevmann vas set up, similar except that the initial water
temperature was 3700., in case the higher temperature.stimulated

n larval movenent and possibly increased the collection. In fact,

In another series of Baermanns, the addition of & non-ionic

detergent to the wabter made no appreciable difference, although

this has been reported to increase larval yields from Daermannised

clover and grass (Rohrbacher, 1957).
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In this Baermann sensitivity test; it ‘was felt
better to use faeces already cantaining larvae, than fo
add known numbexrs of harvested larvae %o sﬁefiie faedes.
The latter method would have been more accurate, but such
larvae would have been thifdwstage;forms and might have had
different migratory tendencies from first-stage larvae, which
is the sbtage Ffound in rectal'faeceé'éamples éxamined within

24 hours.
1% was concluded that Daermann examination of faeces
for larvae of D. viviparus was a test of adequale sensitivity.

for the experiments in which it was to be used.

zinc-sulphate flotation. ‘Three grams of Tfaeces were
shaken vigorously with 42 ml. of ﬁater, and glass beads, in é'
100 ml. séfewatOPPed jaf, then sieved through s 20-mesh coppef
gouze, Thirbty wl. of the filtrate were centrifuged in two
‘flqﬁnboﬁtomed tubes at 1,000G for three minutes in an MSE %
Super Minor centrifuge. . The supgrnatéﬂt was gently poured

off. The sediment was then agitated and both tubes were filled

with saturated zinc-sulphate. A cover-slip ﬁaé placed on the
meniscus of each of the tubes, whieh‘were eéntrifuged at
‘app?oximately 45G for one miﬁute. The cover-slips were removed
and examined on glass slides. A similar procedure was then

followed with a second coverslip from each bube.

¥ Measuring and Selentific Equipment Ltd.;.Crawley, Sussex, England.
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VMelMaster, In the case of examinations for larvae

of Ds_vivipsrug, the standard method was modified because

 concentrated saline is rapidly lethal %o them. Three

grang of facces were shaken vigorously with 42 ml. of wéter,
and'glass beads, in a 100 ml. screw-topped jar, then sieved
through a 20-mesh copper ganze. Fifteen ml. of the Tiltrate
were centrifuged at 1,000G for three minutes. iThe}supernaﬁant
was poured off and the numbéfed tubes were.placed in a rack.

© Tmmediately prior to examination the sediment was agitated,

- and the tube was filled with saturéted paline and mixed by

* inversion, A sample was pipetted from the tube to.a double

" chambered McMaster slide. In the case of there being no larvae

under the ruled square, the surrounding area was searched.

‘Bronehisl worm count. The lungs were washed externally
and $trippg§ﬁdf heart, great ﬁessels and oesophagus. The
trachea and‘broncﬁi were opened.with scissors. The secondary
and tertiary'broﬁahi vere opened with fiﬁe probe;poiﬂﬁed
scissors. All worms were carvefully lifted into petri dishes
filled with normal saline. All worms were ccuntéd,qn being
transferred to further dishes of saline. Where desired, the

opened lungs were subjected to Baermann examination.

Culturing D. viviparus larvae. Culture-calf faeces
wexre colleetéd thriﬁe daily from the rectumlor, if Lreghly
‘voided, from the straw. The faeces were éulﬁured by spreading
aliquots of approximately 30 graus in open glass pomades, to a

depth of abouit four cms., and with a ridged surface.
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Ten to 12 such dishes were placed in a;ﬁhreengallcn enamel
bﬁcket.’ The bucket contained three cms. of water in the
bottom and it was coVered on top with_a double sheetv of
newépaper and a sheet of plate glass. The buckets were
placed in natural light at a temperature of approximately
15°¢, | |

| Under'these,eonditioms,:thirdnsﬁage larvae were ready
for haxrvesting in eight days. To do this;'avfina spréy oFf
- water was directed onto the faecal sﬁrface and avound the
inside of the dish -~ ahd‘oﬁ its outside bottom suffacé to
acéouﬁt f@r nigrating larvae. The resulting larvai—rich £luid
was suitably collected in beakers and, if necessary, it was
cleanéd by filtration through a 20-mesh copper gauze.

This method produces a larvel yield of between 45 and 55
per 6ént, and it also provides 1afvae of constant infectivity -
‘& factor of extreme imporfance'in paragitological work.
iwo contaminants were eneountefed’in fhe qourse_of

culturing D. viviparusg:~

1) Fungal. Two types were noted.

(a) An evect, spore~bearing fungus which seemed
‘not to affect significantly the larval yield.
This was almost always present to o small or
noderate extent.

(b) A speéies which covered the faecal surface with
a smooth, white skin. This fungus, which was
much legs common than'thé first, did have a
very adverse effect oh larval yield, but whether
this was through preventing the larvae from
isurfacing', or through a more specific

larvicidal effect, was not investigated. .
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2) Larval. Various speciés<of s0il nematodes were ]
occagionally encountered where-féeces had been collected from
-%ﬁe floﬁr of the metal hubts. They did not seem to affect the
larval yield, but such conteminated larval solubtions were not

ugsed for experiment.

Counting lafvae in suégensi §; 'Except when requirved for
irr&diating, 1érval«hafvesﬁ suspensilons weré diluted, following
.a‘pilot count, 0 a cqncentration of approximately 100 to 200
pexr ml. The suspension was thoroughly.mixed by being poured
from one beaker %o another for a few minutes}-Then ten separate
O.1 mlw samples were remdved, the suspension being mixed between
each. The samples wefe placed on separate glass slides, with

~coverslips, and counted under the microscope.

Rearing worm-free calves. All the calves used in experiments

% Dy 8, 9, 10 and 11, and all ’cultufé‘ Qal#es, were bought in
the local cabtle market as 'day-olds', being bull-calf discards
from the déiry herds.'.‘Their feeding and management is described
on‘page 125,  All~calvés were»froﬁ éithér the Ayrshire or Frieéian

breeds.,

'Culture calves'.‘ For the purpose of producing large numbers

of D. viviparus larvae, calves of over 12 weeks of age were

preferred. Above this age, the faecal eonsistenpy vag more
suitéble for the culture method, and the calves themselves,could
fairly easily withstand a bronchial worm burden large enough to
produce between 300 and 900 larvae per gram of faeces over the

patent period of approximately four weeks.
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Egch palf was dosed with 4,000 infective larvae, and~A
patenéy'usually began on the 24th day. Iaecal collection was
storted on the 26th day. Approximatvely five pér cent of calves
died during patency. It is of interest to note that appraximatély
20 per cent of'ex—culture' calves died up to six months later,
as a result of the epithelialising pneumonia characteriétie of

post-patent parasitic bronchitis (sée.Part 1).

Dosing calves with larvae. Since many of the experiments
described here are quantitative, careful attention was paid that
calves ingested the entire dose of normal or irradiated larvae.
-Suph doges were ﬁade up either in 50 ml. of water in a six-~ounce
medical Fflat or, from experiment 6 onwards, in 30 ml. of waber
in a %50 ml, vial.

i For dosing, the calf was held from the right with the left
arm across the back of its poll, holding its head close to the.
left side of one's body. VWhen the calf had quietened, the bottle
was taken with the righﬁ hand, shékéﬁ, and the bottleneck put into
the mouth jJjust inAfroht of the right commisure, TheAdoee was then
glven in.twd or three swallows, withouf any forcing. The bottle
was reﬁoved, refilled with water and sheaken and its contents
simiiarly dosed to the calf. Then the ear number was read and
fécofdéd. Where practicable, dosing was carried out midway between
morning and evening feeds. Many of the bottles were checked for
.rémaining larvae, and the mean remainder from 150 vaccine doses

~of 1,000 wag eight + six larvae.
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Clinical examination of calves. (1) Those in isolation huts.

The method was to enter the hut and étand quietly for a minute.

The regpiratory rate was couﬁted first, by watching thé respiraiory
movement., Then the calf was loosely resgtrained agéinst the pen
wvall and auscultated on each side of its thorax‘with a‘phonendoseope.
The chafacter of the respiratory cound was noted under headings

in inereasing order of haréhness, vizi- |

vegicular inspiration, harsh vesicular inspiraﬁiqn, broncho~
vesicular inépiration,‘ﬁioncho~vesiculay4breathing and bronchial
breathiﬁg,'ﬁales, ronchi and emphysematous erackling wore also
récérded if present. Coughing during examinétion.was noted,
otherwise an attempt was made to elicit a cough by pinching the
trachea, twice. ¥inally, a rectal faeces sample was btaken, and

a blood semple if required, and the ear number vas noted and
checked.against the exﬁerimehtal listd This clinicai routine

an& the classification of respiratary-sounds was devised by

Professor lMelntyre.

| (2) Calves in hospital
pa&doek; These were gathered into a pen %0 to 60 minutes before
examinatioﬁf Otherwise the method was similar excepﬁ that, on
Completion, each calf was marked for ease of ldentification.
(3) 1In the case of calves
dnfthe farm,‘we asked the farmers to bring then iﬁto the byre and
‘$ie them some time before our.expéeﬁed arrival. The examination

wags similar.
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Pulmonory 'lesion sdore' method. This was a method evélved

by Dr. Jarrett to guantitate, approximately, the amount of
consolidation present in a given pair of lungs al post-mortem.
As 60 %o 70 pér cent congolidation was frequently noted to be
incompatible with life, this was faken as the upper score of ten,
in"the\range one, two,.four; gix, eight and ten. A séore-of one
was given in the case of a'féw scattered lobular areas of
congolidation and the more widegpread lesions were graded

accordingly.

Préparation of larvae for 1rrad1at¢on.

(a) D. v1v1parus. : 0nly eight to ten~-day 1arvac vere used

in the experiments.’ Théée were harvested, as cleanly as‘p0331ble,
dh %ﬁe morning of the irradiation day. The susPension wasAfilfered
through a 20~-mesh copper gauye to remove gross faecal dCbTLS and
£ungal Spores, if any. A plth count was done. 'The sugpension
waswthem concentrated bj-several rounds,of centrifugation at
1,500 G. Finally, thé original larvae were present in a volume
of between five and seven ml.

The eoheentrated larvae were taken immediately to the X-ray
maéhine'and transferred to the irradiation dish. Care was taken
to keép the layvae for as 1little time as possible at the high
-eohbsnfration (from 20,006 to 80,000 per ml.) before and after
irradiétion. All pipettes and glassware.inyclved in the handling
df the larvae immedisiely prior to irradiation'weré collected in a
ma?keﬁ wire basket, to. prevent any p0331b111ty of later conmamlnatlon

of the 1rrad18ued larvae with normal larvae.
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(b) H. contortus. For the purpose of other experiments,

not recorded here, it was found that larvae of ITrichogtyrongylus

colubriformis could be concentrated for irradiation by the same

technique of centrifugation ag could Q. viviparus. However,

considerable difficulty was experienced in $rying to concentrate

larvae of H. eontertus'by centrifugation in water. Lven at %,000 G.

for ten minutes, only dpprbximately‘BO per cent of larvae sedimented.
This difficulty was circumvented by harvesting the larvae late on
the night before irrvadiation, putﬁing them iﬁto a three-litre
measuxiﬁg cyiinder and placing this overnight in a cold-~roon at

+4OO; Farly the following morning, the supernatant waé decanted

by &uction, and if this wés déne with care, one could obtain
approximately 95.per.eent of the larﬁae in a volume ofnéii to

gseven ml.

Due to the different culture and hervesting bechniques,

(described in experiment 12), H. contortus larvae could always

be obtained in a very clean suspension, compared to D. viviparus

larvae.
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:Ifraéiation. In the present series of experinents, two

- X-ray machines were used as described in the text - a

‘Newton Victor GX 10 (figure 1) and a Siemens Stabilipan
(figure 2). The main difference between them wasg that the
'létter was a more powerful machine, as indicated in Bxperiment
14, The quality of irradiation from each was similar. In
both, the external filbration consisted of 0.25‘mm; copper

~and 1.0 mm, aluminium.

The Newton Victor'GX 10 was operated at 140 kV and
BmA-and gave an oubtput of between 180 to 190 roentgens per
minuté avef‘thé series cf'eiperimenfs. The Siemens Stabiiipan
wasioperatedAat 140 kV éné 20 mA, with a minute oubtput in the

- order of 590 roentgens.

Calibration of the machines was performed by members of
the Vestern Reglonal Hospitals Physics depavrtment, using a.

Baldwin~-Farmer sub-gtandard dosimeter.

Table 2vshows two specimen calibrations and illusﬁrates

two main points. Yhe fifst is the.importanoe of measurement'
wheh’pbsitioning the dish.for larval irradiation. The points

of méaagrement'ua@@ in the experiments described wefe
(a) The under~guiface of the filter, and,

(b) A poiﬁtrcorresponding‘ﬁo either the water surface of the
iarvai suépezsién (older method; experiments %,4,5,7,8,9 and 10),
or to the internal base of the dish (present method; experiments
12, 1%, .14 and 15). 'Thg Table shows a calibration based on the

older method, between filter and water surface.‘-
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‘The second feature from Table 2 is the Fall~off in output
of the X-rey machine as the number of fllamencwhours of use
increased, Thms-made recalibration necessary, if successive

irrediations were more than one: month apart.

Throughout the experiments with D. viviparug described in

. this thesis, the technique of calibration 1nvolved.measuring the
X-ray dose deiivered to a‘point in air corresponding to the surface
of the 1anva1 suspéhsion., Furthermore, the larvae were lrradiated
;eaéh,timé in the seme qu" petrl dlsh, of 4 4 ecn. 1nternal
Héiametex.‘ Glass is no' an 1deal medlum for 1rrqd1ablon, as its.

_contaminant heavy metals produce baekuscatter. However, the

original irradiation of D. vivipazus had been done with a glass

~dish, so this factor was kept‘constant with this parasite.

'Durin the usc of the glass dish for 1rradlau10n, two factors
modeled the smount of 1rradmatlon recelved by iha 1unvae.
(a){Backmscabtef.  Phe back-scabter iaotor was estimated to

| ’be-approximately 1.15 (V.G. Cottrel, 1959, personal comnmunication).
(b) Yor a-dish'qf 4.4 cg} internal diameter, iO ml.‘of sugpension
_forms.a layer of 0.7 cm. desp. 'This'depfh of water would permit
~4appfoximateiy 80 to 85 per cent. of the dose rate at the surface to
be applied t6 the larvae lying oh the bottom. (V.G;:Cottrél, 1959,
;peraénél»eommunicatiOH). :

these factors ére worih recording, although uhey probao Ly
'ﬁld nou 515n111Lantly affoct the results because (a) bhey were
constant throughoum experlments Sedy 3,7 8,9 and 10.

| | (b) the calibration

of X-ray dose was ultimately a biological one, obtained during the
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" aearech for the level of irradiation most suitable for larval

inactivation consistent with adcquate immunisation.

The beginning of the expériments involving il. contortus

(aud A colubfifbrmis) was a convenlent time o modify the
irradiaﬁioﬁ technique aé far as tha dish and th paint of
calibration were concerned. All irradiation oP these two
parasites was done 1in a dish constructed from 'perspex'. - The
internsl dimensions were made to closely correspond to the
of inal glass -dish, being 4.5 cmg. in internal dlametev by -

1.5 cmq.‘deep (Plgurb 3)

-‘One quh perspex dish was adapted as a calibraition 'phantom’

to conua¢n the 10nléat10n ehamber of the dosineter by having a
hole drilled through the side and eontlnulng as a groove of the
. pame diameter along the-base, (figure 4). (This enabled the

akis of the lonisation chaﬁber‘to corregpond %o the level of the
internal base ol the 1rrad1ation dish proper, S0 ‘the dose measured
was that delivered to the larval mass resting on the base.)
An amount.of ﬁissuefeqﬁivalent bolus was then put into the dish

to corresPoﬁd_to thé volﬁ@e of waber and larvae which. would be
p*esenu in an actual ivradiation. As before, the dish was then
placed in a square of t&ssue-equlvalént pressed wood, having an
:appropriate clircular receés and sleo with a horizontal hole through
“the side to accommodate the lead to the ionisation chamber. The

space between the side of the dish and of the recess was also

filled with bolus.
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Minally, the prepared phantom was placed on two larger

blocks of pressed wood, each 15 cm. deep.

This arrangement for calibration is illustrated

diagramatically in figﬁre 5.

The procedure for larval irradlation was és4follaws:
The larvae were transferved ILfrom the tube to +the irradiaﬁion
diéh.in¥a pasteur pipeltte. Tube and pipette were then washed
out in wvhatever quantity of water was required”to‘bring the
final Vclume o ten wml., usually three to four ml.The appropriate
blocks of préssed wood were laid iniposition on ‘the  treatment
table. On top of these was pluced the Smallef piece of
-recessed pressed WoOd. The dish was placéd in- the recess and
the @urroundln@ “pwco was 1111@@ with tissue equ1Valen bolus.
~Thu machine head was swung into app°oxlmqte position and-céntred
over the dish. Its height above the dish (wauervsurface or
‘base according to the callbraulon) was accurate3y 860 by means -
of a piece of Stick cut to size. This arrangement for irradiation
ishshoﬁn iﬁ figure 6.
I"raéiation vag then begun.

Fouw tha GX 10, the naximum length of run-was 55 minuvtes. AL
the end,of each 5% minute period, ten minutes were allowed for the
maehine to'eoolw- |

The Sieméns Stabilipan required restariting every 1% minutes,

but it did not require.qvcooling period.
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Fiéures 1 and 2 show the 'perspex' dishes approximately
in posiﬁion (not yet placed in +the small recessed pressed-wood
block) before the start of irradiation,by each X—réy machine,

of H. contortus larvae for experiment 14.

Vhen a range of different levels of irradiation was being
applied, the appropriate fraction of the suspension was removed
from the dish and replaced with water as each irradiation ievel
was feabhéd. (This probably resulted ih some variability in the
effectiveness of the ivradiation dose, due to the oxygenating
effect of the added water - and possibly to the lowered number
o£ larvae. However, due 1o presgsure on the time of the

.therapeutic.X~ray uhits, this was the only method practiéable).

At the end of the total irradiation period, D. viviparus

larvae were removed from the dish into a Roux bottle containing

approximately 500 mi. of tap Water,>brought from our laboratory.

The dish was flushed séveral times to ensure that all larvae

were recovered.

- In the case of H.. contortus, the lérvae4wére diluted %o
a concentratioh of approximately 100-pef ml. of tap water
immediately following irradiation, to prevent larval clumping
vhich wasg frequently‘noted if this parasite was kept for any
length of time at intermediate dilutions, i.e. in‘the order'of
1,050 per ml. Fortuately it did not occur at the high concentrations

upwards of 10,000 perAml; ~ reguired for irradiation.
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Such clumps consisted of hundreds of larvaee and made counting
very inaccurate. 1t was not discovered vhether such larvae were
able to infect normally, as suspensions containing clumps were

- not used.

Irradiat@da larvae Were'immediately taken back to the
Veterinar& Hospital where they were counted and-made into doses.
These were adminisferéd +o the.appropriate éxperimental'énimals
on_thé séme‘dayf Unused irradiated:larvae wére retained at
¥4OC.Afor_morphological viability checkingr- such checks were
only of a;piiot‘nature, and did not include the infecﬁivity

~

testing necessary for a critical evaluation.

Other techniqués used in this thesis are either standard
pathological or paragitological procedure,»or are described owx

referred to in the appropriate part of the btext.
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Table 2. Two specimen calibrations of the Newton

Vietor GX 10 showing:~ (a) variation of

X-ray dose with distance, in the beam axis;
(h) fall-~off in oub-
put of Xe-ray machine with increassing number
of filament-hours of use. '

Distance between
bottom of filtexr
and surface of
water in dish.

Qutput in
roentgens
per minute.

. on Naxech 12th.

Cutput in
roentgens
per minute
on August llth.

1.0 ¢ms.
135 cms.,

2;Ofems.

213
190
171

205
184
169

- (Machine operated at 140 kV and 5 mAj;
externgl filtration 0.25 mm. Cu. and

" 1.0 mme Al.; half-value layer - 0.44
mi. Cu.: Baldwin~Farmer sub-gtandard
dosineter; calibrations performed by
V.G. Cottrel).



TECHNICAL APPENDIX. Illustrations for irradiation techniques

Figure 2. jUie Siemens stiabiiipan therapeutic X-ray machine
A 'peYspex* diéh containing larval suspension is
resting on two large blocks of pressed wood.

Figure 1. The Newton Victor GX lOftherapeutic X-ray machine,
witbu” perspex' dish”and pressed wood in approximate
position for irradiation.
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aVl
Ficaire 5 Diagram of *perspex* irradiation dish.
Figure 4. Plan and elevation diagram of "perspex* calibration

"phantom* with recess to accommodate the dosimeter®s
ionisation chamber.
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beam axle

filters
pex phantom ..
A Ionisation
ma "1///A
bolus Z‘ chamber
of dosimeter
pressed wood
Figure 5. Cross-sectional diagram Illustrating

the arrangement of the components
during calibration.
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beam axle

filters
perspex dish
w ater m bolus
larvae
pressed wood
Figure 6. Crosa-eectional diagram illustrating the

arrangement of the components during an
irradiation run.
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of vaccinates and controls
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_,‘ KEY Q. SYMBOLS USLD
CIN THE FOLLOWING TABLE.

Respiratory sounds (1n order of increaulng harshness)

VI -;vealcular 1nsp1rat10n."'_
PVIZ—\prolonged vesicular 1nsp1rat10n.
"HVI - harsh vesicular-inspiration. ' = |

. BVI < broncho-veésicular . inspiration.
' BVB - broncho-vesicular breathing. -
 'BI = bronchial inspiration.

BB -

.bronchial breathlng., L

Adventltlous sounds.wgf

4 B - localised emphysema.:‘-'
‘ &h '~ generalised emphysema. .
‘R - other adventltiou soundsf*

.:Character of reSPiration,_. _f,__..i,_

D —-Dyspnoea

- presence of cough is not. recorded here - =
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GROUP™  CALP | |  Day of Bxperiment

NOUDRR g 21 29 3134 36 38 41 43 15 B

5 Date T .
, 16/8 18/8 21/8 2)/8 26/8 28/8 30/8 49 4/9  6/9
VACCINATES 8623 40 25 25 . 30 30 30 200 30 . 24 20
BI BVI  BVI VI HVD  HVI  HVI HVI BVI  HVI
8630 60 40 60 65 35 50 40  B50. 40 60
BI . .BI BB+#R BVI HVI ' BI HVI HVI+E. BVI  BVI
8631 40 20 36 . 40 25 30 40 40 32 48

- BX BVI  BI HVI+E HVI VI BVI+R VI BVI BV

86%2 60 25 45 45 60. 40 © 40 40 .20 = 48

~ BI . BVI  BI BVI BVI HVI HVI HVI  HVI BVI .

8633 60 . 40 50 55 40 60 50 . 60 44 . 60

BI  BI BB VI HVI+R BVI+R . BVI BVI  BVI = BVI =

86754 - 50 80 80 40 6@ - 50 75 46 & 48
BI BI+E BVI+E HVI+E BVI+E BVI+E HVI+E BVI  BVI

8635 40 40 70 40 30 50 0 40 0 60 48 - 60
- BI © BI. BI+R BVI VI . BVI . HVI HVI+E BI  BVI
B636 40 20 25 20 20 .20 20 20, . 16 16
} BI  BVI  BI BI VI VI VL VI HVI VI
8638 40 20 35 60 6507 50- 40 70 40 60
8675 BL  BVI BVHR B?IlBVI%E BVI ~ BVI BVI+E BVI ~ BVI
5] %0 50 84 60 1 ¢ : S
BV DVI pred pviem D L B D 26/8 o ,
8677 50 40 60 60 50 70 50 80 = 46 80
BVI ~ BVI BVI+R BVI BVI+R BVI+R BVI BVI+R BVI - BI.
8673 - 45 70 G0 . 60 80 60 60 64 60
S . BVI BVB  BVI BVI BVI BVI BVI BVI BVI
8679 50 50 30 5 . %0 50 40 50 %2 40
. BI BI VI BVI VI CHVI BVI BVI HVI BVI+E -
8680 70 70 70 80 75 90 -8 70 T2 60D, -
DI . BI BI+E  BI BB+GE BI+E BB+D BVI+B BVL BT
8684 50 30 50 60 ° 65 60 50 110" 52 60
BI BI Bl BVI BI+R BVI+R BV BB+E BVI = BVL
CONTROLS GLis 70 65 80 80 5o 80 B0 90 60 ”“TEU“*“"f‘f“

BI+LE. . BX BI+ BVB+E BVI+E BVI+E - BB BB+E BI +15 BI+1]
GL14 120 1350 100 DITED 21/8 : .
‘BI Bi+h BI+E .
(46 60 40D. 66 DIEBED 22/8 _ ‘
BBLE  BB+E BB+GR o o - ,
G4T 'O 4% - 90 - 60 60 . 80 50 70 60 64
BVL BL BI+E BYI BVB+R BVI+R  BVI BVI4+E BVI BVI
8621 70 60 110 110 70 - 100 80 110 76 96

BI ~ BI . BB BB BI+E BVI+E BB+E BVI+E BI  BI -
8594 40 50 50 60 60 70 .50 80. 65 60

BI  BI+E BI+R BVI BVI+R BVI+R .BVI BB~ BVI BVI
8690 50 50 55 60 70 . 90. 60 80 40 48 .

BVI  BI+R BVB+E BVI+B BVI+E BI+B BVI BVI+E BVI+E BVI
8691 30 50 40 45 20 30 40 40 .24 40

7 PVI BVI  BVI BVI HVI4R HVIFR - HVI VI  BVI  BVI
8698 70 30 80 - 60 70 90 70 T5 56 64
<o DI BVL DI BVIE BVIR BI4E BL+E BVIHS  BI  BVI

8699 80 80 110 pem .
BI+H BI+E BB DM 218 e |
8700 70 40 . 68 80 65 60 50 8 48 - T2

8614 %58- ﬁ%ﬁipdj PLyT BITAE BVIHE BVI  BVL BI+GR BVI  BVI
L +5 ‘ .



~of vaccinates and controls.
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270. ' - Individual and group mean

26 28 30 %2 35 37 39 42 - 46 A9 51 54

- o o s T a8 e ey Gimia 4 wm 8

Al 6/1 8/3 30/3 93/ 15/1 LU/L 20/%. 24/1 27/1 29/l /2
Group L. (1,000 & 4,000 irrediated larvae). o '
50 - 40 - 50

35 30 30 35 - 30 40 40 20d. - 45
55 40 45 40 35 . 40 40 50 55 40 45
40 40 45 40 - 35 40 30 ¥ 40 557 45 50 | |
30 . 40 45 45 40 - 40 35 A %5 400 40 BO. o .
30 40 %% %0 35 35 35 e 40 0 55 400 40
40 50 50 40 40 45 - 45 ¢ - 45 607 65 6O
40 45 50 40 40 . 45 3% X 25 40 45 45
45 35 40 35 45 o5 50 W 55 45 55 60
- 40 40 40 45 40 - 45 45 E 0. 45 45 - 50 -
507 40 55 40 55 - 35 30 .. 40 45 40 4%
39 40 12 40 38 42 39 L 44 49 46 - 50

Group 2. (1,000 3 2,000 irradiated larvae).

w5 40 35 35 45 . 40 40 2nde 40 45 - 50 40
20 25 12 30 30 35 .50 30 %5 0 B0 BH

30 40 50 30 55 40 55 v ) 35 40 45
45 45 . 30 35 40 40 . 35 A, 35 0 35 0 40 - 40.
30 25 50 30 55 40 40 ~ C 40 40 40 45
50 40 3% 30 40 40 40 ¢ 45 45 - 35 . 40

20 40 A0 30 35 - 40 - 35 I 0 45 B0 o wmp .

45 50 50 20 45 40 35 . N 35 457 35 Bo

95 40 4% 40 45 45 40 i) 40 45 . 40 40
30 40 40 40 45 - 40 - 35 - 40 40 60 45
54 %9 55 34 40 40 37 o 38 4L 39 43

Group 3. (1,000 : 1,000 irradiated larvse). .

%5 30 50 40 30 35 30 and. 35 0 %5 30 40
30 350 40 25 40 45 50 45 - 45 40 40
40 50 45 45 45 45 40 7 40 - 3% 40 - 40

25 30 35 35 40 50 . 40 A 40 50 50" - 50 -
50 50 55 45 55 60 A G 55 35 35 45 -
25 35 30 - 30 40 45 40 c 45 40 40 %5
35 %5 40 40 50 .50 45 I B0 700 - %5 48
25 45 30 50 40 45 30 w 40 5O 35 45
60 40 45 45 50 60 60 E- 60 60 - 45 50
45 55 49 40 45 50 45 45 . 50 . 50 45
36

N
S

4L 39 44 49 43 44 4T 40 44
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-272. : _ , 'j Individual and‘group mean

.92 .93 94 97 30L - 105. 108 _ 112 _ 114 116 - 119

e i Mot £33 oo U ™ L]

12/ 13/3 4[5 21/5 215 253 285 1[4 3/4 5[4 8l4 .
Group 1. (1,000 : 4,000 irradlated larvae). S
25 ¢ 30 40 30 35 25 . 25 30 35 30

40 7 A 40 45 - 50 45 35, 40 40 . 30 35
40 1 40 40 45 40 - 30 40 50 30 30 .
50 L 50 55 45 60 . 40 40 45 35 40
40 E . 50 55 60 60 50 45 <50 45 45 .
© 40 N 45 50 50 50 35 .45 45 40 35 0
35 G 40 40 45 50 40 457 45 35 30
40 & 45 50 45 45 40 ~ 40 . 30 45 30
- 5h 45 40 45 45 40 55 - 400 40 30 0
4 4% 46 45 AT 57 39 4L 3T 34
Group 2. (l Q00 ¢ 2, 000 1rrad1ated larvae) , C e
35 ¢ 35 40 40 45 40 50 55  30.° - 35 N
45 H 40 40 45 - 25 - 40 50 35 30
40 A 55 30 40 - 35 40 - 45 .45 30
.45 Y 45 40 40 - 400 40 0 40 45 30
40 40 45 50 - 50 © 45 50 ° 35 55
40 B 40 45 45 - 40 40 0 45, 35 - 30
50 i 45 40 45 - 00 50 45 30 55
35 G 40 40 40 © = 25 30 - 35 ;40 30
40 & 45 50 45 40 -+ 40 40 45 35 350
40 : 50 50 45 45 40 - 40 40 35 35
41 42 42 44 - 39 42 45 27 - 32,
Group 3. (1,000 : 1,000 trradiated iarvae) o SEUR
L300 G 40 - 45 45 45 . 35 0 40 0 40 - 45 =145
40 51 45 .50 40 55 45 40. 35 55 . 35
40 A 40 40 40 40 55 30 30 . 40 40
55 Y 25 35 35 35 30 35 40.. 30 40
30 T B0 35 35 35 35 35 307 35 30.
50 B 45 45 50 60 45 45 50. - 40 40 -
5% N 45 50 40 35 30 40 55 30 . 45
40 G 45 50 45 40 25 30 25 40 . 30
A0 B 40 60 55 50 55 50 . 50 .40 . 35 .
50 40 45 45 45 30 30 30 - 307 30 -

59 41 46 43 42 37 38 39 3T 3T




i
w
%Wl
\J1
N
o
EEERR S AR

I~
i
.
o
=~
I




o IndiVidualgand ngup:meanerSPiratory'rates{;'

AtQalf - Day of- preximent -

‘munber o0 f'Az'j‘-T4 S A ! "'14"'”M&Z? 19 -
B - Date - T

O/12 9/12 11/12 13/1q 16/l° 18/12 20/12 23[12 26/12 28/12

uroup 4. (1, OOO.‘. 1rrad1ated larvae)

9836 - . 30" 35 500 35 350 30 *3 b
9842 5“v“ 30 30 30 35 .35 35 . .35 %5 40
9834 25 2% 025 .30 260 25 25 45 30
9835 .« 30.. 25 -~ 25 25 %5 . .30 300 40 35
¢
I

5 50 40
5

9765 G 350 200 25 9530 U350 - 30 50, 30
9831 Y 25 30 25 30 30 30 35 45 35
9832 25 30 300 30 30 35 020 45 55
9850 [ 300 30 30 30 200 30 40 v>60 30
9829 % 30 300 300 35 45 . 35 . 50 . 50 . .35 -
9828 o B30 25 35 35 45 . 30 40 - 55 60"

Mesn . 290 29 29 31 f¢‘$5Q_',32 36 45;z BT '  }39-

”fGro@pfSA.  (10,000 normal 1arvae challengo controls)

9912 - 25 25 30 .35 . 25 - %5 50 5. B0
0913 - 35 35 35 30, 35 .35 . 30 40 40
9514 - 30, 30 35 35 . B0 30 35 40 40 .
©o982L - 35 50 - 40 30 300 35 . Fh . 40 .35
9819 - 25 30725, 35 .30 %0 35 .. 350 50

CMesn - 300 30 32 32 7,'301.n*32;":~ 55 05T 35

oua s - o o i Ores 198 478 KIR R €93 S it

Group 5B. (5 000 normal larvae challen e éontfbls);7i{ e
e 25 ey “‘25“%;20:..;2V 25 130 35
988 - 35 = - 30 25 25 25 35 - . 35 35"
9817 - - 30 230 30 30 . %0 . 25 35 5
9916 = 25 = BB L2520 25 0 30 %5 .35
9914 - 35 750 50 30 30 35 40 45 o
Mean - 30 28 2r 25 27 - 300 3B 40

L




[~ I X

;Individuai'and_Gréup_Meah :\': i
Call : : - Day_of Exgerimenf - S
Cmwnber 22 24 26 - 28 30 %52 55 2139 .. .46
TR S "
- 31/12 o 2/r 4/ 6/1 . 8/1 TI0/1  13/1 - A5/1 0 17/a 24/
Group 4. (1,000, i "irradiated 1arVa¢);"'_ , '
9336 40 40 40 30 0 30 30 40 40° 35 40
. 9B42° 40 45 40 40 - 45 45 45 B0 B 50
C.98%4 0 35 35 50 35 0 30 - 30 35 - 40 . 30 0 40 .
- 983% - 30 25 25 40 40 40 45. . 65 . 55 40
S 9765 . 30 . 30 30 30 35 30 40 40- 35 25
- 98%1 . 30 35 20 - 40 35 35 407 60 55 - 50,
9832 40 35 - 40 45 40 45 40 45 0 40 45
9830 35 35 30 . 30 .40 0 400 0 40 - 40 30 30
19829 - . 50 110 55 45 . 35 35 40 60 . 45 5O '
9828 50 50 655 40 50 55 45 .~ 60 . 60 - B5 -
Mean 738 44 37 37 38 39 41 50 44 4% 0
o Group T (l0,00Q,nérmal larvée'Challehg@:édntrqls);"ff’j*" ,;  - |
9912 40 40 35 35 = 40 40 35 .0 45 - 40
9913 35 55 40 45 - 45 45 55 40 - 45
9514 40 - 40 45 . 40 - 50 50 45 45 - 45
9821, . 40 35 35 40 - 40~ 50..° 40 5% 55
9819 35 40 35040 - 3% T 40 357 30707 30
Mean 38 58 58 40 = 45 45 . 38 43 43
| Group 5B. (5,000 nermal lervae challenge controls). o e
9911 U35 - 35 %0 %5 . 35 %5 T 45 40 0 45 45
0B18 - 35 40 35 . 40 40 400 45 40 0 40 40
9817 45 40 - 45 35 40 40 50" . 45 o 45 40
9916 35 40 45 45 55 - 45 50, .. 50 . 60 65

~991% 40, 45 45 45 45 50 50 50 50 .50
 lean 38 40 38 40 43 42 - 4B . 45 4B 48T




" Respiratory Rates (continued).
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'fIndividual-and Group_méanh»

~=-Day of Experiment -

808 B 90 9E T O5 T 94 9T 101 S B
| . “Chate A N A T
%ﬂva 3/3 /3 10/3  12/3  13/3 mv L1323 25/%
Gxoup 4o (1,000 = SN irradiated larvae). . o
45 40 40 35 %0 30007 40 59, .80
50 40 40 40 40 -C 40 40 45 50
40 40 30 35 40 H @ 40 40 40 45
40 40 45 40 55 A 35 %5 . 40 45
30 50 . 40 - 30 . 25 L 25 .25 30 45
50 . 5O 45 35 %0 0 L. 30 . 35 40 55
50 40 45 40 - 35 U 35 40 40. . 45
45 45 45 - 40 35 N - 35 350 35 40
45 45 40 - 40 - 40 G . 55 50 5% 50
B0 45 50. 40 35 B35 40 45 . 50
Hean 45 42 42 38 .35 | ﬂr7‘534 36 40 5L
Gxoup 5 (70 000 no*mal Tafﬁae challen&e controls). o , o
45 45 35 35 400 S 35 50 50 60
40 40 30 .30 0 35 A 30 400 45 60
40 40 30. 0 %0 - 3% - L .. 25 .7 30 . 35 65
45 - 45 40 40 45 Lo 45 50 .50 - 5%
o 40 40 25 50 30, B30 30 300 65
fean 42 42 52 A f 33 40 42 61.* -

éroup BB; (),OOO normwl larvae challenée oonural&) 2o
‘ 45 40 45 60

55 45 45 45 45 € , -

25 a5 40 45 - 40 . H .- . 45 40 . 45 55

45 50 45 . 40 45 A 40 30 40 65

60 45 40 45 40 L 45 . 20 . 40 G5

45 35 40 40 40 L 40 . 25 © 30 50
Nean 50 40 42 43 42 . 43 35 405G

1.

AT Ay




Ret plratory thes (contlﬂuod)
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279,

 Individual and group

;f&f}»calfA Day _of EXDeriment Q‘A v R N
. mumber O ‘10m gt g g g3 qg qp

Dateg « . e
9/12 9/12 13/12 1)/3? 16/12 18412 20[12 ﬁ[ 2 26412

- "Gfoup 6 (1arvai controis for vaceine uged on Day O)

3 ,’51 , . 25 B0 25 ' n"?)ov" ‘ 35. 513 | 35 40

s Peelos o 30 0 50 o 35 40

Lo 4,000 L35 30 20 30 45 35 35 60 :
s Jommal g5l 55 g 25 35 30 55 .
R 5 2 2 35

_1*32§ - 32 gz-ff45 f'

fH
U

N
153

- Mean 31 35 27

Rt
.Ol

oy

&

« Group s (larvaB controls for vaec;ne uSed On_Qéy'Azji.,j;{“‘“ :
59 - ~§5‘ 50 30 25 25 25 35 35
6 - 30 25 30 30 50 30 25 35
RO - 25 25 25 25 c20. . 25 30 35 0L
62 - 25 30 25 25 300 30 25 40
U Mean 29 28 28 . 26 26 28 29 . 36




L zBO. '

mean respiratory ratesi:

19..22 24 26 _ 28 30 3235 _ 57 59.__ 42 46 49 ___

e8fl2 3/12 2/1 4/1 6/1 8/1 10/1 13/1 15/1 17/1 20/1 pa/L 2U/A

40 40 .40 40 60 90 70 70 60 65 . - 60 70. -

40 50 45 45 50 50 60 16;V 7o1;A8o,] =70 T0
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55. 50 45 457 40 50, 55 65 10090 = = - .50 40
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Individual and group».
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-~ @Group 6. (larval conbrols for vaccine used on Day 0).

45 60 60 6O %
55 60 65 60 T
70 60 65 80 .
- 65 65 60 B
45 60 70 80 Y
54 6L 65 68
$.,’:;/'Gzr'oup 7. (larval controls for vaccine used on Day 42)c
55 35 40 35 45 50 50 60 80 100 5
45 45 40 40 45 50 50 55 8 65 70
45, 35 40 40 45 70 80 80 90 80 5
40 3% 35 40 . 40° 50 70 - 80 110 . 110 - 95
38 59 39 44 55 63 69 90 - 79

82




- moan respiratory rates (contimied). . .
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 "Oa1f7Weigh%s;

T Day of o L e
.- Experiment 1 12 - , - 100

L £ 63 o

= =

" Date 30/ 8 10/11  Individusl Gains on 8/12 - Indmvadual
S _ Previous Weilght. - . . Gains. on
- T .. o -Previous
VWeight

© VACCINATES - o D
6 a8 206 4 78 a7 41l
T am a6 ese o i war
R C A
o w9 a0 e s 190+ 20
10 R 148 éoé“ f" + 56 ;‘ ‘ 15222” ',V'*jla,
Group gamn ‘on prevxous weight+”é81¥n ‘é%iibc;fij   ]+‘83”

Total Graup &aln S "  ,'q'f ¢3jQ; |

5L 1 w40 18 =43

161 20 - w69 262 4732
173 229 + 56 28 .-;??93
175 (188) Dead T/11 | W,  . :. “-f'

a4 190 w56 198 4B

-\l > W év -

Group gain on previous weight- 221 A w6

. Total quup Gain _lf'7n  };L' f¥227:j




:-in_ﬁdunds..'

‘.'Group PéfééntagelWéight Gaiﬁs

‘»Croup welght on’ Day 1 % 635 le{f;f \ -
Group welght on Day 72 = 922 3 galn from Day 1-72 45'2%”

o jGroup weight on Day 1oo~ 1005 % gain from Day 72~100 9 o% |
U | SR . |

% Growp welght gain'over tHo 100 days < = = 58.2%

Tl

Group (4 survivors) weight on Day l

599 1bs.
' ”Group (4 surv1vors) weight on Day 72 - 820‘lb5y
b gain from Day 1 to Day 72 T;? §5 7% T

1

‘ Group (4 gurvivors) welght on Day 100 - 826}lbs.
00 T% -

% galn from Day 72 to Day lOO

% Group (4 survivors) weight gain over the 100 days = 37.9% -
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Number Pulmonary o
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type 0¢¢
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Died 7/11 265 Immature worms and many early gth btage in lungs.;_q,;w
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RESPIRATORY RATES
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. Bxperiment 1 19 24 3L 39’,, 41 45

pe
=

e e A A € TS CSD 8 R 9N i e AT WD KT b B ma en 23 s Wi s s o e . o
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VACCINATES L S I
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. lst ’ c2nd o _ o B
7 ~ 60 70 60 55 . 50 .50
| . DOSE  DOSE o LT
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VACCINE | | R -
9 T 40 60 50 060 .70 0
10 5 40 40 0 45 65

VACCINE

o commors . o
N - 50 50 35 35 30 35
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Lomparatlve meqsurementa of normal and
éi,lrradlated female D. viv1parus larvae re—
‘{,covered from the lungu of four reSPectlve )
:ficalves at nine and “17 days aLter ¢nfect10n
~vith 1, 000 larvae.  | '

CNORMAL. 0 X-IRRADIATED

. Total ‘ Length of =
> length - oesophagus
SO in- = oodn o T ine 0 in L
L mllllmetres millimetres.' R milllmetres milllmetreb.A]

... motel Length of ., .
Age- fﬁlength ) oesophagus . ,Agg

o 11;548.
©1.64 | |
L ] l.}62_v-ﬂ o ae ‘
9 . . 150, . - T 0 g
Codayst oo ll54 - ... days .
S Y 7
- LI70

NS0 DO O
CONBNONDDO

s 8 ¢ o s o o

+ FHROOCORIPHOM

i
L@
. B
(40]
W

7 Mean1.65$0.d3 . HNean 1.16

- 0.40
) l’: 0044
- 0.38
034
- 0.38
0.36 -
0,40

, , ~ 0458 -
o 00560 T
17 “ <o 0,55 0 0 LT
0.56 ‘days. -

| days‘j?,ﬂ

ENCIE NN E RS

R REEREEPE
SR OVIR oUVIO
TUTVIIOGMIO OO
G000 OO 0
~AOCOO "CEh

U Mean 13.6 + 1,95 - 0.55 4+ 0504  Méan 4.30 + 1.14 . 0.39 4+ 0.08 .
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*Commencing 'Table 3'; Tables 1 end 2 are incorporated in the text.
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TABLE 8 - Respiratory Rates per Minute of the Calves in Group 2

I}ay‘ ~ Calf Number Mean S;D.
58 48 61 46 50 59
1 35 40 - 25 20 30 40 . 32 8.17
2 25 45 36 . 25 35 40 34 8.01
3 40 40 35 35 3s 30 36 3.76
4 35 35 - 35 25 30 40 33 5.17
5 45 40 30 . 25 30 40 .35 7.74
6 - 35 35 35 30 - 30 35 33 2.60
7. 50 45 50 35 40 50 45 6.32
8 50 .30 40 35 35 45 39 7.36
9 50 40 35 30 . 35 50 . 40 . 8.36
10 35 35 40 50 30 . 50 40 8.36
1l 50 - 35 40 50 40 40 43 6.14
12 50 40 50 40 30 40 42 7.53
13 40 60 .60 40 - 40 50 48 - 9.83
14 45 70 60 60 45 70 58 - 11.26
15 90 50 60 75 50 - 70 66 . 15,53
16 100 75 60" 80 60 70 74 - 18.85
17 90 55 50 70 60 70 . 66 14.29
18 85 70 50 90 55 1o 77 22,73
19 90 70 50 - 100 55 105 - 78 23,37
- 20 100 80 60 . .0 50 130 . 88 22,77
21 90 70 60 100 55 120 83 25.25
22 90 a0 60 90 . 58 130 86 - 26.91
23 105 100 70 110 50 s 92 25.82
24 105 - 80 80 100 60 140 93 30,28
25 100 90 8 . 90 60 130 99 23,14
26 20 85 70 120 - 65 1300 93’ 26,39
27 100 110 80 90 70 . 130 97 - 21,6
28 100 B0 . 80 - 90 80 130 102 - 23,17
29 110 110 65 100 90 115 98 21,13
30 © 980 a0 90 90 - 90 130 97 15.33
31 T 85 100 70 " 100 100 91 12.01
32 120 110 70 100 . 80 10 98 19.41
33 90" s 100 ‘100 - 75 . 120 100 16.55
34 110 100 80 . . 80 65 - 100 89 -16.86
35 110 100 80 100 75 110 96 14,97

- 36 90 120 105 75 65 110 %4 21.31
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TARBLE 4 - Respiratory Rates per Minute of the Calves in Group 3

Day Calf Number : ‘ Mean | ’ ”S’LD.
62 : 53 ' 52 49 - 51 47

1 - 45 .30 . 25 30 30 50 35 10.0
"2 40 25 20 40 30 40 33 8.82
3 40 30 25 35 45 35 35 o 7.07
4 35 30 25 30 50 35 24 8.61
5 40 30 20 40 50 30 .85 10 .48
6 45 40 30 35 -« 40 35 . 38 - 5.27
7 55 30 35 . 40 45 35 .40 8.94
8 35 .30 35 40 40 30 - 35 - 4.47
.9 3 - 3 50 35 40 . 50 ' 40 8.36
10 50 : 40 30 40 - 40 40 40 - 6.32 -
11 50 35 35 45 - 55 55 46 9.17
12 55 . 30 30 50 40 50 43 -10.85
132 60 - 50 ° 50 60 50 60 - 55 5.47
14 60 50 " 45 80 55 © 90 63 17 .80
15 90 ~ 50 50 - n 70 80 75 ,23.,45
16 70 60 45 105 . 80 80 73 20.41
17 80 50 50 - . 10 70 100 _ 77 25,03
18 75 - 60 40 120 . 80 . 100 .79 28.36
19 85 70 60 . 120 80 120 89 25,32
20 120 70 60 140 105 110 101 30.73
21 85 65 70 70 100 10 85 18.97
22 90 55 80 120 100 130 . 96 15.3
23 100 65 90 100 120 130 101 22,9
24 100 80 50 140 120 130 — 103 33.9
25 100 .65 70 10 . 130 o 98 23.0
26 110 65 70 .10 120 120 99 24,9
27 110 70 100 130 130 130 ' 112 - 24.02
28 90 75 100 130 130 - 120 108 23.5
29 90 80 90 120 120 . 130 105 20.7
30 110 © 80 80 120 - 110 120 105 . 20.7
3l 110 70 65 120 110 130 101 26.9
32 110 80 80 125 110 130 106 21.5
33 120 75 90 -~ 130 130 130 113 24.0
34 120 130 90 130 120 130 120 15.49
35 130 90 80 130 130 130 115 23.4

36 125 70 70 140 100 120 104 29.4




TABLE 5 -~ Body W eight of Calves in Group 1.

Day " Calf Number Mean S;D'
57 55 56 45 54 60 -
1 m o 1 122 108 122 88 113 16.32
4 116 140 - 125 10 133 92 119 17.28
8 119 144 128 12 135 94 122 16.79
1 127 150 - 132 Us 140 95 126  19.45
15 127 184 137 128 144 98 131  19.23
18 122 150 140 124 146 96 130 20.05
22 135 159 148 127 151 102 137 20.64
25 134 162 150 136 156 106 41 20.32
29 131 172 154 152 166 11 148 27.31
32 136 176 159 147 169 12 150 23.53
36 130 175 16} 154 167 117 151 22.75
Wt ; - - ‘
Increase 29 45 51 39 4l 19 37 11.53
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_ TABLE 6 - Body Weight of Calves in Group 2.

Day : ' calf Number Mean S;D-'
58 48 61 46 50 59 - =
136 136 100 w4 94 126 18 18.04
144 M5 106 125 100 125 124 18.67
150 146 . 110 124 104 134 128 18.76
154 150 14 125 105 182 130 19.42
15 156 154 10 125 108 134 181  20.69
18 152 183 1200 123 10 136 132 15.66
22 157 155 125 18 120 128 134 17.54
25 162 155 125 126 120 17 134  19.23
20 168 163 127 126 122 120 138 21,77
32 164 157 129 128 118 124 137 18.79
36 168 169 132 130 121 . 132 142 20.92
wt. |
Increase 32 33 32 16 27 6 24 1




TABLE 7 - Body Weight of Calves in Group 3

Day ___ Calf Number : Mean S;?'

62 53 . 52 49 51 a7

130 14 0 3 100 103 12 10.56
4 3l 120 uy 124 115 102 118 2,74

132 124 17 128 109 105 119 10.73
1 141 126 128 134 115 108 125 12.14
15 142 131 128 182 18 116 128 9.64
18 144 126 132 - 122 120 10 126 11.55
22 138 129 138 118 118 115 126 10.45
25 141 136 142 157 ue  u4 134 16. 55
29 148 144 142 128 118 114 132 14,40
32 145 142 148 125 123 12 133 i4.52
36 146 139 159 130 124 121 137 10.98
Wi.

Tncrease 16 25 A9 17 24 18 - 25 12.41
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TABLE 8 =~ The Tawxval Output in Feeces of Calves in Group 2

Calfd Nunber

Doy ‘ _ Mean ‘Bele
58 48 61, 46 50 59 -
22 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0
24 0 0 0 0 0 50 8 20
25 0 0 0 0 0 0O 0 0
26 0 0 0 0 0O 100 17 40
27 0 100 0 0 100 0 33 51
28 50 250 200 50 50 800 23% 290
29 50 0 100 250 0 900 217 B4T
30 50 350 150 0 0 1350 317 523
310 450 250 550 100 1750 517 634
52 0 1100 0 800 0 1000 483 435
3% 0 500 0 600 0 800 317 359
%4 0 100 150 600 50 550 242 240

25 0 0 100 650 250 850 508 559
26 0 50 50 600 50 400 192 247
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TABLE 9 - The Larval Ouvtput in Faeces of Calves in Group 3

salf Number

Day . _— HMean SeDe
62 53 & 49 X N 47 +
22 0 Q 0 ¢ 4] Q 0O 0
23 0 0 0 0 Y] 0 0 ¢
24 O 0 50 0 0 100 25 42
25 0 0 0 0 100 50 25 42
26 0 0 0 0 0 0 0 Y
27 0 O 0 50 0 150 TBeD 60
28 100 0 350 a5 100 300 145,8 145
29 200 100 100 100 0 500 166,06 175
30 200 150 0 100 0 500 168 185
31 300 200 150 900 200 300 B41.6 280
32 150 0 50 550 300 85Q 316.6 528
Ji 38 50 0 0 100 o 500 T5 117
%4 850 0 100 250 250 2150 266.6 299
35 1060 - 50O 50 300 300 450 285 180

36 100 5 0 650 350 750 317 521
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TABLE 10 - Haemoglobin Values in gm/100 mi.
of the calveg in Group 1

N Calf Number Mean SeDe’
V  E6 B4 45 56 55 57 L
8.4 9445 9.3 9.3 10.2 9.0  9.27 0.59

8 7.4 8.0 9.1 8.6 83 8.0 8.25 0.58
11 7.4 9.6 9.4 10.0 9.7 9.0 9.18 0.9%
15 8.4 8.85 9.3 9.0 10.65 9.15 9.22 0.76
18 8.0 9.45 9,75 9.75 9.75 9.9 9.43 0.72
22 B8.85 9.3 9.45 9.6 10.0 9.4% 9.44 0.38

25 7.4 8.25 8.6 9.15 9.7 8.0 8.52 0.84
29 T4 8.8 9.4% 8.4 9.0 8.3 8.55 0.72
52 T4 9.0 9.75% 9.45 10.% 6.8% 9.12 0.99

%6 7.8 8.1 9.75  B.7 9.7 8.25 8.71 0.82
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TABLE 11 - Haemoglobin Values in gm./100 ml.
of the Calveg in Group 2

Calf Iumbexr

SeDe

PV SR a5 6L 46 50 59 Mem
4 9.9 10,5  9.45 10,0  9.45 9.9 9.86  0.39
8 8.3 10.0 8.0 9.7 8.8 8.0 8.8 0.87

109.2 9.5 93 103 8.6 9.2 9.35 0.5

15 11.5 10.0 9.9 109 9.5 9.6 10.2 0.83

18 9.45 9.45 9.0 1l.L 9.3 9.6  9.65  0.74
22 10,2 10,9 9.75 10.75 9.75 10.35 10.21 0:40
25 9,15 8.85 9.0 10.0  9.75 10.3 9.5 0.59
20 8.7 8.6 B.8 10,5 9.6 9.7 9.28  0.68
52 9.75 9.75 9.3 9.75 9.9 10.9  9.89 0.5
56 9.3 9,15 9.0 10,5 10,0 . 10.0 9.62  0.54
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TADLE 12 ~ Haemoglobin Values in gm./100 ml..
of the Celves in Group 3

Dey . Calf Number :  Mean ' SeDe
62 631 2 49 51 47 o

4 10.2 9.% 9.7 10.5 10.75 9.45 9.99 - 0.58
& 8.6 - 8.% 8.8 8.8 9.5 8.8 8.8 0.39
11 9.2 9.4 9.7 " 10.4 I 8.3 9.%6 0.69
15 10.0 9.0 9.9 10.35 10.%5 9.9 9.2+ 0.28
18 g.75 10.0* 9.75 Ii.2 ' 9.75 G145 9.9% - 0.68
22 1l.2 10.2 9.9 1l.2 10.65 10.2 10.55 0.55
25 10.0 G.9 9.0 11.55 9.5 9.15 9.8 Q.87
29 10.0 G.45 3.8 10.3 9.7 9.7 9.65 0.5L
B2 10.%  10.0 9.45 9,9 10.0 9.9 9.92 0.27

o
96 9.7 9.15 9.0 9.9 9.7 9.45  9.48 0.35




301,

PAVLE 13 - The Number of leukocytes por

c.nme. of Blood of the Galves 1o Group 1
Colf Number | HeDe
DAY - ' : — . . fenn
R 7} 5 ST ity kX

4 11,150 9,750 7,200 9,700 8,450 5,600 8,641 2,000
8 11,200 10,000 7,850 . 7,500 8,050 5,850 8,308 1,950
11 13,450 10,650 8,050 5,550 7,200 4,850 8,201 5,480
15 12,150 10,000 8,950 4,800 8,000 4,200 8,053 3,070
18 13,150 10,550 8,450 6,750  B,450 5,450 5,800 2,740
22 13,850 11,150 9,750 4,900 8,750 5,950 9,058 2,530
25 10,8850 8,950 8,650 1,800 3,000 T 400 G, 208 2,040
29 14,050 9,900 8,200 5,500 9,500 7,200 9,025 2,940
52 11,650 9,000 8,000 5,650 7,550 6,250 8,016 2,140
36 9,700 8,500 7,400 4,700 8,300 6,100 7,416 2,200
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TABLE 14 ~ The Number of Leukocytes per
c.mm. 0Ff Blood of the Calves in Group 2

Calf Number | ‘ SeDa
Yy 48 50 By 61 teem s

Uil
&

4 10,000 6,400 11,850 11,700 4,850 5,900 8,450 3,410
8 10,950 7,800 10,000 10,500 4,500 5,900 8,275 2,540
11 9,700 7,950 10,950 11,400 5,300 6,600 8,650 2,440
15 8,400 7,500 10,550 12,000 6,450 6,000 8,483 . 2,360
18 7,600 6,800 9,400 11,050 6,950 7,100 8,150 1,710
22 7,600 6,950 9,100 9, 600 7,200 7,600 8,008 1,080
25 6,850 5,950 8,450 6,900 5,300 6,950 6,755 1,060
29 7,750 5,200 10,000 7,700 6,200 7,100 7,342 1,660
32 6,000 4,950 9,600 6,900 6,200 6,500 6,692 1,560
%6 5,600 6,500 10,650 7,900 5,100 5,700 6,908 2,010




TABLE 15 ~ The Number of Leukocytes per
ceomite OF Bloed of the Calves in Group %

Calf Number SeDa

Day A 51 53 55 gp  Mean &
4 8,850 6,200 7,900 8,250 7,600 6,700 7,583 935
8 6,000 6,300 7,950 8,200 7,000 6,300 6,958 825
11 5?8§0 T, 700 8,000 7,600 7,900 7000 7,508 475
15 6,200 7,900 8,300 7,500 8,000 7,350 7,542 740
18 5,850 8,200 8,850 7,050 6,900 . 6,600 7,242 1,090
22 5,700 5,450 7,050 5,500 6,750 7,000 6,242 760
25 6,550 5,800 = 5,800 4,800 5,250 6,000 5,700 GOO
29 4,700 5,700 6,950 6,050 7,050 6,150 6,100 860
52 5,800 6,100 5,800 5,700 6,150 5,300 5,808 300
%6 5,350 5,200 79500 5,700 0,150 83,000 6,285 1,120
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TABLE 16 - Percentage of Fosinophils in
- Differential Cell Count of Calves in Group 1.

Calf Numbex

Day . Mean +
55 54 56 57 45 60

4 0.6 1.0 6.0 0 0 0.75 1.39 1.51
8 4.3 0.6 4.5 1,06 0.25 1.0 1,95 1.92
i1 0 0 0 1.5 0 0 0.25 0.61
15 1.0  7.75 5.0 2.5 1.25 2.0 3%.25 2,6
18 12.0 6.5 7.3 6.0  4.75 7.31 2,78
22 5.75 6.75 12.5 4.0 2.5 1.5 5.5 3.89
25 9.7 . 1.0 0.7 0.25 2.5 0.5 2.49 5 e 64
29 0.75 1.5  0.67 0.75 2.0 1.0 1.11 0.5%
32 0.25 1.5 5.5 0.5 0 1.15 1.4%
36 .75 .75 3.6 0 0.75 © 1.3 1.36




3085,

PTABLE 17 - Pewxcentage of Fosinophilg in
Differential. Cell Count in Calves of Group 2

Day N - Calf Number _ ) Mean S;D.
5 48 6L 40 50 59 *
0 0.25 0 0.25  0.75 1.5  0.49 0.58
8 1.25 1.0 1.5  0.25 1.25 1.0 1.04 0.43
11 3.0 2.0 1.5 3.5 0 0 1.6 1.47
15 12.0 BJT5 0 2.6 2.5 5071 0 4.45
18 7.0 9.0 0.75 2.0 \ 5.75 4.9 5445
22 5.7 9.0  1.25 2.0 11.7  4.25 5.65 4.07
25 9.0 075 2.0 6.6 0.5 3.7 .82
29 5.75 11.0 2.5 2.25 5.37 4.07
52 5.75 8.0 3.5  3.25 13.75  1.75 5.5 4.41

36 8.0 15.5  4.75 9.0 1.5 2.5  6.87  5.15
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PAPLE 18 - Percentage of Ea's:i.nophils in
Differential Cell Count of Calves in Group 3

C‘alf Number

Day _— o .  lNean
6o B3 53 9 5L 7
4 1.0 0. 0 0 0.8 0 0.3
8 2.0 1.0 0.5 0 0 0 0.58
11 1.0 0 O 0.5 © 0 0.25
15 2.0 0.5 1.0 1.0 3.25 1.0 1.45
18 5.0 2.7 0 2.5 9.0 2.6 4.13

3 : |
22 6.7 2.0 3.5  1.25 4.25 1.75 %.24
25 3.75 2.0 5.7 '
4

29 7.0 6.0 T 0433 11,0 4.83
32 1.5 1.5 0 4.5 3.6 2.22
3 1.75 4.0 0.25 1.5 3.5 2.2

)
A

.

N




B TABLE 19 - Nuwmber of lympho~ret10ular nodules.
"’_v1sible on the: plcural surface of the lungs »
- of each calf together with the '1es¢on score'.

Calf - Caif- " ‘ “ _uub—p1eural et -
group. .. . - number. - nodules. - Lesion scorgf

N S B
Treated early:‘ oo 45 .. 60
. with dlethyl-'v_'t 54 . .. .. . - 65
“ccarbamazine, - - 5% - o 400
- : - 56 L. 25
5t - . 20

corRCOO

60 45

2. o g6
- Treated later = 48"
;- with dlethyl—~ 50 .
Acarbamazine. 58 -
| 1 IR
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