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SUMMARY

The purpose of the work recorded in this thesis was to investigate

aspects of the severasl stages of the lungworm Aslurostrongylus sbstrusus

together with the effects of the parssite on intermediate, paratenic
and final hosts.

With regard to first-stage larvee, an estimation of the number
produced by infected cats revesled that millions of those forms
were excreted over a patent-period of between nine and ten wecks.
Furthermore, such larvae had the ability to survive dehydration and
extrenos of temperature for varying periods of time,

Aclurostroneylus sbstrusus requires an intermediate host in

waich to complete its lifeecycle and, in the past, there huas heen
controversy as to the role of the mouse in that event. lNxporiments,
herein described, indicated that, although the latter species wes
not a true intermediate hosgt for the lungworm, it was able to acit

az a parstenic host and store third-stage larvae for at least four

monthns, It wes also confirmed that a snail, ilelix asperss, was o

satisfaotory intermediate host and that first~stage larvee inveded
the sole of that mollusc, migrated into the deeper fiasues during
the course of the next twenty-four to forty-eight hours and, in
twenty~threo days, developed into third-stage infective larvas.
The latter forms remained viable for the life~time of the snail.

The majority of larvae was recovercd from the muscular sole and,



although a substantial nunmber was exirscted from other parts of the
snail, it was considered that infection of the molluse resulted {rom
penetration of the pedel epithelium by, rather then imgestion of,
larvees. Tha possibility of the existence of molluscan immunity
was disoussad.

The effects of the parasite on the final host were ascertained,
At least 100 third-stage larvae were necessary for successful parasitic
infentation of the cat although, at that dopege, little clinical upsed
ensuad. umbers of 1,600 larvae, and more, produced increasingly
severe clinical signs and pulmonary pathological chenges while an
infeoting dose of 3,200 larvae was considered almest certain to be
fatal., DPecause of difficulties inherent to the procedure of oral
infection of cata, a parentersl method was tried but was found to
produce inconstant resulta.

Many metagoan parasites induce, in their hosts, an immunity
vhich persisin for a varying period of time and protects against

furtheor attack by the same parasite. Aelurestrongyluz abstrusus

was found not to be an exception and cabts infested by the parasite

%88 days earlier withstood rewinfection. The outcome of an experiment,
in vhich resipiance to lungwornm disease was passlvely transfeorrved to
cats by means of serum obtained from reoovered animals, emphasised the
importance of humoral sntibodies in parssitic immunity. Following
upon the resalts of the above experiments, the possibility of indueing

active immunity in caks was oconsidered. To that end, small numnbers
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of wnattenusted, infective larvae were administered to cots on
three occnsions and at monthly intervals and, at the end of the
immmising regine, the snimals were challenged with pathogenio
dogea of thirdwgbage larvac. The results of that investigation
showed that it was fessible to vacclinete cets against infection by

Aelurostrongylus abstrusus. That section of the thesis was complsted

by an assessment of the effects of the lungworm on the pulmonary
vesoulature of the cat. Nine deys after infestation, hypertrophic
change was notlcesble in the medial coat of branches of the pulmonary
artery and the arteriopathy was found teo porsist for s period of

at least two yoars., Huoh evidence confirmed the previouslyshoeld
opinion of the awthor that spontaneous pulmonery erterial discase

of the cat arose a3 » result of infeatation, pest or present, by

Aelurostrongylus ahstrusus.

The final part of the work was devoted to & study of dirgnosis
and treatment of fellne parasitic pneumonia. The results of
radiologicel examnination showed thet such a facility wus of value
in recognition of the diseane, OFf additions) diagnostic worth was
the Indirect Pluorescent Antibody fechnigue by whieh procedure
specific immunofluorescence was demonstrated to ococur in sera taken
from lungwora-infested cats. It was considered that the above
exaninations together with carveful clinical observation were able

to provide sufficient proof of the presence of lungwornm disesse.



vith regard to therapy, diethylearbamazine citrate was administered
to a group of infected animals but examination of fagcal larval ouwbe
put a8 well a8 posi-morten sbudy of the lungs of the cats showed thatb
the drug had been unable to control or cure the condilbion. “haoen,
gix oral doses of the anthelnintie, tebtramisole, were given to
infected cols it wes discovered that all stages of the parasite head
been either eliminated or destroyed. However, the subsitance proved
to be wpalatable to cats and evoked excvessive salivation, To
overcome that problem, resort was made to parenteral administretion.
It wos then found that fairly smell amounts of the chemical were
toxic to, and caused death in, & nugber of experimental animals.,
Humerous doses were still reguirad to abolish excretion of firsi~
stage larvae from the faecces of treated animals and it was decided
that parenterally-administered tetramiscle had little advantsge over
that given orally.

The thesis was coneluded by a review of the work completed, snd
of the problems yot unsolved, with regard to the nany facets of the

luwngmornm, Acel@rostrongylus abgbrusus.
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INYRODUCTION

The presence of lungworns in the eat was flvst recovded by
Lenskart (1867) slthough the author was of the opinion that he was
dealing with §llulauns tricuspis. Cobbold (1885), in the course
of o legture given in Great Britain, described the existence of
lungwors in two cats ond, in Germany, ¥Muller (1860) recorded a new
lungworn which he called Styongylus pusillus. Reilliet (1808),
on the grounds that the latter name was pre-empled, proposed fhe
designation Zirongylus sbgtrusus but, in the light of furthor
investigation, Hailliet and Henry (1007) transferred the speeies to
the genuws Synthetocanmlus, which allocation was accepted until 1927
when CUameron creoated the currontly approved gonus Aelurostrongyius.

The various stages in the lii’a»éycle of the nematode have been
deseribed by Cameron (1927), Fry and Stewart (1932), Hobmaier and
Hobmaior (1035b), Gerichter (1940), Blaisdoll (1952) and Mackerras
{1957). While minor variations are to be found among recorded
deseriptions of the parasite, close agreement prevails with regard
t_e tho important anatomiecal features and the following account
is bosed on that given by Mackerras (1957).

The adult forms are thin, delicate worms whieh are enclosed in
a togmentel sheath. On avorage, the males are 5.2 mn. in length
by 0.07 nw. in breadth and females are 9.8 mm, long by O.1 m.
broad. The short, club-shaped oesophagus is about 0,25 mm. in

longth while the anal orifice is looated ¢.20 mm., and the valva
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0,076 yum., fxom the bip of the tail. The fomale bas two paraliel
atori which uaite to form o common wagina while, in the male, the
spivoles are identicnl, curved, striated rods §.12 - 0,13 mm. in
length, The gwbernacunlun consists of two parallel, wniform
eclements, .018 mn. long, vhich ccohine at the distal endd.

The ogs, n delicate structure wiﬁh a thin, clear shell,
measures 63 -~ 84 wmicrons long by B4 -~ 66 microns broad and may
exbibit all stages of soguentation up to fully~formed larvae,

Tirst-stage larvae from the cat are $.36 - §.4 mn., in length
and §.018 « §,02 mm, in width while the oeseghagus extends for
about 0.18 nw. and is provided with median and pesterior bulbs. A
double~notehed toil ig of recognitory value.

Thivd-stoge infevtive larxrvae, which develop in molluscs after
two woults, are larger than the preceding form and neasure 0,52 -
0,58 nane long by 0,03 mm. wide. The oesephagus is 0.2 mws in
longth and has o long, navrew amberior part with a clavate posteriow
gection while echitinous thickenings and a knob~like antorior end
are algo prominent. The tail is 0.038 mm. lovg and ends in a
characteristic rounded swelling.

Fourth-stage larvae are slightly larger still and epproximate
.88 by €.045 mu., bat the oesophagus is without chitinous thicken—
ings and the tail bas lost its reounded protubersnce.

Puring the Lifth, or'final stoge lavvae develop bursae and

spicules in the case of the male and vulva and vagina in the



instance of the fomnle and growth in size continues until
adulthood.

delurogtronrying ahgtrusus belongs to the fawily Meta.-
gitrongvlidae ond with most other membexs of that group shaves o
complex life-cyele. leuckart {1867) believed that lungworms
reguired an intermediate host and attewpted to pass the worms
through mice and thence back to the eat. His experimenta
appear to have been of negative effect but, because of confusion
between (llulanus and what ia now cnlled Aelurogtroncvius, the
rosults are difficult te ovaluate. Cameron (1927) claimed to have
completed the life~cyele of the parasite by the use of mice as the
intermediate host, Hobmaier and lHobmaier (1085a) failed to
reproduce the disease in cate by the sape procedure bui, after much
investigation, found that a vaeriety of slugs and snails acted as
suitable hosts and, in addition, discovered that animals, such as
toads, frogs, lizards and snakes together with birds of various
Itinds and swall rodents, behaved as auxililary or storage hosts.

The researches of Gerichter (1949), Blaisdell (1952) and Mackerrag
{1057) supported the above findings.

Opinions on the habitat of the adult nematodes gave rise to
furthor controversy. Cameron (1928) was of the belief that they
lived within hranches of the pulmomary artery but Slaisdell {1952),
Mackervas (1957) and Bawmilton {1963 & 1066a) failed to confirm that

notion and, instead, described the alveoli and alvoolaw ducts as



the roesidential sites of the aduld parvasites.

The cocurveunce of Acolwrosbroneyluy abstrusus iv bhe lungs
i cobg bog beon veporbted feom wmeny parts cf the world, thus:
in Peitale by Cemeven (1926, 1027, 1028 and 1932), Lewis (1927),
Melionzie (1960) wnd Hamilton (1065 and 1966h);  in America by
Fry ond Stowars (1082), Uohuaior end Wolwmaior (1085L), Pritehett
{1938), Pailey ond ¥illioms (3049), Boiley avd Lownen (1953),
Blaisdell (1982), Newbuype {1083} and Svdduth (1985); ie France
by Davon (1948): in the Nebhovlands by Dawdet (1983); in Portugal
by do Crpz and do Freitos {1948); in Denmerk by Christensen ei al,
(15408); in Palestine by Gewichber (1540) and in Australio by Gérdon
(1983), Seddon {1947} and Meokeryas {1957), An inoidence—vate of
DUy Bulithy, 1.00 and 26.0% was rveported by Hebualor and Hebmeier
{1936h), Dondet (1983), Christonsen gb nl. (1948) and Gerichber
(1949), wospectively, while in Britein, Lewis (1827) recorded that
10,99 of 155 cabs wore affected and Hamilton {1966h) fouud that
6,87 of 8506 animals had sulfeved from lungworm diseuase.

Mony of the arvtieles weflect the blongmics of the paragite
vabhor thon the effoctas on the final hoat and the wost cemplote
pleture of the diseass produced by Aclurestronsylus abstrucps has
been given by Blaisdell (2952) and by Hamiltom {1863 and 100Ga).
As o rule, clinlcal signs conslst of counghing, particularly ufter
bapdling, and some inezease in vespirabory rete. If infestation

hag heen heavy, rodueed cppetite, inoreasing lassitude, loms of

bodlily condition, severc coupghing and dyspnoca



mey be voted and, on auwscultation, adventitious pulmomary seunds
nre oaeily apprecisble. Pyothorax moy be present and, in extreme
instonces, death frow respiratory feilure may supervene,
Haematelegically, early leucopenia is followed by o leuwcocytosis
in whiek ousinophil louccoytes ploy a majoyr role and the sediment~
ation rate of exythrocytes is markedly inercased., The prepationd
peried of the infeatation lasbts from five o mine woeks and
patency, during which first-stnge larvee may be recovered in large
muhers from ¢he fasces, losts frowm elgbt to thirteen wocks
althongh Blaisdell (1052) claimed to bave recovered lsivae for wp
to twe years.

At awbopsy, lesions are confived to the thoravic covity and
vary in character from animal to animal, At least, they copsist
of multlple, pale~white feel of pin~point size that ave found
thrvoughout the substuence aﬁﬁ in all the lobes of the lungs. In
nore severe cases, lavger lesions - up 4o two centimetres in
diamotor and cauged by coalescence of adjacent fooei ~ are to be
found and, should they oceur sub-pleurally, they projest from the
surface 4o import s nodular appearance to the organ., in mony
instances, lobos may he entively comsolidated and the lungs ene
larged. Uz seetiong lesions exe ofien crumbly in eharccter
end Lrom their o swall amownd of pus-like f£iluid may be exprecsed.
Enceptionally and sasociated with involvomoent of the parietal

pleuva, n thick, milky exudate, rich in eggs, larvae and ccvllular

L4



gomponents, £ills the thoracic cavity, Enlavgement of the
bronehial lymph nodes, sometines cousiderable, is alwaye present.

Histopathologically, the initial lesions are swall foci
comprined of Jymphoeytes, macrophages and eosinopbhil leucocytes
that surround egps and lorvae in -the pavenchyma. Perivascular
and peribronchial lymphocytic hyperplasia and slight bypoerirophie
changes in the medial coat of some branches of the pulmonary artery
aye also apparent. In other cases, the lesions consist of mosses
of developing egss and larvae closely invested by a dense, cellular
reaction in which eosinuphil leucocytes and mmltinueloated giant.
sellys sre particnlarly outstending. Such foci often undexgo
contral noecrosis, Adult parasites situsted mainly in alveoli and
alveclar ducts are appraciable while peribronchial, peribronchiolarx
and perivasculax lymphocytic hyperplasia, sometimes follicular
ank at obher tiwes diffuse in type, is comspicuous. Many bronchi
and bhronchioles contain egpe, larvae and gceilular exudate and
uleeration ond xeactive hyperplasia of the hrouchial mmcosa
way be present. Alveolar epithelialization tegether with
emphysema and hypertrophy of the muscle of the walls of the
bronchioles and alveolar ducts are conmon.

A prominent feature in the lungs of all animals infested
by Aglurostyoucylus abstrusus is the hypertrophic, sometimes
hyperplagtic, ehange induced in the media of the muscular pulmonary

arterica. Tho wmildest cnses show thickening of up to several



times that of normality, while in the most severe imstonces, the
altoratbion eauses almest complete obliteration of the lumina,
Sometimes, losal occlusion of a vesgsel cecurs bub affected axtories
ave usually diffusely thickened and, althongh auch abanges wre

often widespread thyoughout the lungs, normal vessels are invariably
present. Invasion by eosinophil lencooytes into the hyperbtrophied
mugele and the intdna as well as sitretehing and fraguontatblon of

the internal and external elastic membranes vogether with
exndothalial proliferation ars findings worthy of note.

Tho byonchial lyuphbw-nodes show & diffuse ineveacs in the
Iymphoeytic elemanﬁa associated, in some cases, with a mederate
accwmlation of eosinophil leucoeytes.

The above changes are applicable to the aoctive pbase of the
disease bub Hemilton {1066a) huns followed the condition up watil
six wonths after initicl infection. After sixteen to twenty weels,
the bulk of the pulmonury tissue was found to bo free of parasitic
elewents and Ly the end of twenty-Pfour weeks the cbnoxmalitics in
the bramches of the pulwonary artery and the gzross hypexrbrephy
of the musele of tho bronchioles and alveolar ducis constituted the
wain pathological findings and only with great difficulty woere
portions oX adult worms demonstvable by means of histopathological
technigques., The conclusion reached, therafore, was that puluonary
avteriopathy in the oat resulted from an infestotion, pregent ov

past, by lungworms.



I that hypothesis is aceopted, it becomes apparont that
the inciderce of lungworm disease is considerably greater than
that saggosted by figures given earlier since pulmonary arterial
disorder is, perhaps, the comnonest pathelogical condition of the
eat. Soerateherd and Wright (1061) reported an incidence of
36.0% out of 111, Teahjian et gl. (1065) a frequency of 68.87 out
of 122, Stunzi et al. (31966) approximately 33,09 out of 150 and
Fomilton (10668} 84.7% out of 260 cats. Thus the nematode,
Aeluregtronsyiue ahstyasus, achieves prominence as one of the moat
important pathogens of the eat und cognizeance of the associated
disease is of importance nobd only to those who itreat or keep cats
a8 pets bub alse to those who use cats as experimental animols,
Gince the poerasite readily induces wvoscular losicns, the mechanism
by which 14 doos so may also be of interest to those studying
the pathogenesis of bhuman pulmenary hyperdension,

Uanfortunatoly, there is a relative and, wore often, a complete
lack of infoxmation on many aspects of the parasite and of its
effects ou the intermediate and final hosts and the followving
thesis is 2 vecord of the work dome tewards elucidation of some

ef those probloms.
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PART ONE

THE OUTPUT OF PIOSE.STAGH LARVAL BY CATS INPESTED wWITH

ABITROSIRONGTING ATSIIISUS

ot

TR LONGEVITY OF FIBST.STAGE LARVARL KEPT UMNDER VARIOUS
ENVIRONMINTAYL, CONDITIONS

A PHE ROLE OF THE MOUSE A5 AN INTERMEDIATS Uos® I THB

LIPE-CYCHLE OF ABLUBOBTRONGYIUS ARSTRUSDE

B OINRE ROLE OF THD MOUSHE AS A PARATRNIC HOGT IN THE LIPie

CYOLE OF ANIBBOSTRONGYIND ARSTIRHAIS

THE DEVELOUMENT, MIGRATION AND TOMGEVITY OF LARVAL OF

ARLUROSTRONGTINS ANSTRUSUS WITHIN, AND PATHOGENICISY ro2,

TR MOLLUSC HELIX ASPESSA




Bxporivend One

The Cutput eof First-Stage Larvee by Oots Infosted with

Aelyxostronayius abytrusug



Tntwoduehion

Aeturostrongyiue abaobrusus is widely distwibuted
throughowt the worid and the ineidonge of active infestation in
Britein hag been vecovded as 10.8% {Yowis, 1927) and aw 6.0%
{Hamilbon, 1968b). ‘Ihe parasite requires s molluse as an inber~
wediagte host although it is possible that, wnder naturel conditiouns,
auxdliary heste play an important part in the life-eyele, %The
asverage length of the patent period ks froem cight to thirteen
wooks and, duripg thet dime, o considerable wuwmber of first-stage
laxvas are likely to be exereied whereby the parasito may eurvive,
Informotion on that point ia not available and the objeet of the
following axporiment was Lo asgoriaein the approximate anmber

of larvay proeduced by cats io the course of {ypical investations.

Haterials and Melheds

Third-stage layvae of jAelurogtx ug ababrugas were
extracted from previously infected soails of the species,
Holix naperss, by the expediont of slieipg the melluses into
small picoes, wrapplng the proceeds in mualin and jroersing the
vhole in a beaker of water hept ot o tempexature of 37°¢ in o
walter-bath, Within a fow hours, larvae wore able 4o be collectad.

Two Litbens, twelve weeks of age and weaned in the animal houvse,



were fod with lavvee in mumbers of 1,000 {Cat A) and &0G (Cat B)
and, wine voehs lobter, first-stoge larvae were Vivat noted in the
focees of both animels. Thereefber, and antll sawmples had been
free of loxvae Jor sovon days, the dally fescal oubpub of cach
cat was collected, weighed and one graume of each sample wos
bound in smsiin and stegpad in 100 mi, of water foy twenly-four
howrs in ovder bo extract the conteined lavwaa. Tho latbow
yapd concentratod by condvilugatlon and sownbed. Where nambovs
were high, nodtably in the cat that had beon glvean 1,000 larvae,
the aggyegete of fdvet-stage forms was arrived at by the process

of dilubion.

Results

The oultpuit of lazvae from cach cat over the patent pevied
i illupdrated in Yable I whewe, to aveid oxcomsive doteil, the
Piguros have beon computed on o weekly bogis, Wivstesbage
laavaé were noled in the Zoccen of both eats in tho ninth weel
after infostation and continued to ho excveted fox the next
sovendty snd sizby-seven daye by Cats A end B, rospectively.
The peak of lexval ocubput vas ashioved in the fouxrth and fifih
waeks of poteney bub, thercafter, there was o gradual diminntion
in nombers wobil v the denth week the lavwveo finally disnppesred
from the faecces of hoth animals. A total of over seventeern end

three~ond-a~half willions was recorded for Cats A and B, rospeetively,



Table 1

Weeltly Output of layxvae frow Cats
infectod with A¢lurostyonsying abstiuvevs

e asttiaers ey

Poat-pabont Cat hve Vo, of Total
wook  Yarvaee/ g, weekly outpub
No. of favees - of lawvae
B 360 15,960
2 A 5,046 277,860
B ) 73,800
3 & 0,680 506,760
B 2,840 182,260
4 A ad, T80 5,800,500
B %, 140 a2 ,600
5 A 20,220 8,584,900
B 74220 1,243,550
6 A 14, 520 2,404,000
B 8,500 682,460
7 A 7,950 1,099,800
B 2,850 266,000
i 3,030 288,109
% A 640 143,000
1 630 34,360
10 A 140 8,550
B 120 11,470

i

B =

Total A

Cat glven 1000 larvae

Got givon

B o=

800 larvoe

2 17,066,060
3,623,170



Discussion

Aelurogstrongylus abstrusus hos an indirect life-pycle and
to ensure suscessful parasitic reproduction a cat is reguirved to
ingest approximately one hundred third-stage larvae {vide Part Twe,
Experiment One) either from a molluscan or paratemnic host, which
latbter way be a mouse or a bird, The nomadic habit of cats
secures widespread dispersal of Yirst-stage larvae duxing the
patent period of the disease and such forms arc known to survive
out-of-doors for, at least, thirtye-six days (vide Part One,
Iixperiment Two). Successful contact with an intermediate host
was presumed to depend upon excretion of considerable numbers of
layvae and the above experiment has demonstrated that such is the
case since, hetween them, the two cate produced in excess of twenty
million larvae during a ten-weel period. There was & marked
discrepancy, bowever, in larval output in Cat B in contrast with
Cat A, coven allowing for the diffevence in guantity of the initial
infecting dose, since the fermer produced Lut 20,00 of the number
excreted by Cat A,

Rose {1069), with respect to Muellevius gapillaris and

Jayrett and Sharp (1963) in velution to Dictyscaulus vivigarus,
found that only 12.0 and 26.0%, respectively, of an infecting dose
of larvae was eventually estublished in the lungs of experimental
animals, the yest baving failed to overxcome the difficulties of

the migratory pathways and the former author discovered that it was
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possible for adult fowanles in the lungs to be isolated in
inflarmotory nedules and thereby to be infertile. Such findings,
apoplied to the lungworms of the cat, axe sufficient to explain
the variability of laxrval production in tho two caile of the abeve
experiment.

The femaleos of Haoemonchus contorytus are considered to he
oxawples of prolifie egﬁwlayers'with daily outputs of between
5,000 (Maxrtin and Ross, 1934) and 6,050 (Kelley, 1055). While
little is to ba geined by any attewpt to asseass, from the prosent
oxperiment, the daily output of egpe by Aelurogtrongylus abstrusus
females, the prbduetivu capacity of the latter appears to be of

conparable secale,



EBxperiment Fuo

The Longevity of Firat-3tage Larvae of Acvlurostromsvlug abstrusus

Hopt Under Various Inviropmental Conditions
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Introduction

After five to nine wecks, and for a varying period thereafter,

cats infested with Aelurostrongylua absirusus excrete first-stage

larvae in tho faeces, Hobmaler and Holmaier (1036b), Blaisdell (1952)
and Mackerras {1957) collected larvae for eight weecks, two years and
seven months, respectively, after patensy. Coweron (1927) found

that larvae, extracted from faeces, lived for eleven days but were
killed by freezing. Since the fate of sueh larvae are of importance
with regurd to the incidence of lungworm diseage ¢of the cat and
because of difference of opinion c¢oncerning the viability of fivet-
stage larvae, it was considered necessary to establish the life-span

of sueh layvae undexr various controlled conditions.

Materials and Methods

To asseas the survivel of first-stage lavvae, the following
procedures were adopted, Iaoces from infested cats were placed
out—~ofw~doors, lightly covered with so0il and wmaxirmm and minivom
ground temperatures and rainfall recorded ocach day during the period
of the experiment., BHvery three days, o sasmple of faeces was
exonined and a nundred larvao were judged og to whether they were
dead, sluggish or highly active. Faeces were also kept at room

tomporature {18~21°C), in an ineubator (37°C), in a rofrigerator
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(4%0) and frosen (0°C). Samples of focces from cach of those
groups were exanmined every three deys and the viability of the
layvoe was evaluated,

To form o soeond main group, larvae weore exbracted from
infestod faeses by placing the latter in o muslin bag in water,
Within twenty-four hours most of the larvoe had cscaped from the
foocos,  Advey coneenlration, the lavvao wore divided into four
lots and lkoph, still in water, at 18-21°C, 37%C, 4% ana 0%, &
third main group of larvae was similorly medntained except for the
addition of untiblotic, As formerldy, somples wore oxamined at
three-dny intervals and the nmuwber of larvae dead, sluggish ox

nebive nobed,

Xosults

Tables 2, 3, 4, 6§ and 6 record the survival times of firste

stage larvae under the conditions demeribed above,

Discussion

Hith regord to the problem of natural infection, the resulis
of the location of faccos owi-~ofw-doors were informative (Toble 2).
Larvao wero found fto be alive thirty-six days after exposure and
the majerity, uwntil the last thres~doy period wore still bighly

active., In all but two such poriods, ralofall was registered,
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The lewead ground temperature roasched was -5°C and the highost
22°C while freesing ond thawing of the faeces occurred on many
oceasions without apparent offeot on tho larvae, The latter nay
have been recovered alive for a longer period of time bad mot the
faaces and, presumably, nany of the larvae boen gradually washed
into the soil by the rain, Comevon (1927) stated that larvee were
unnble to resist actual freezing, Fry and Stewart {1932) foumd that
ontwofedoors in Jannary, larvae lived for five days as well as for
gix days after freezing and Blaisdell (15562) showed that larvae
survived for five days aftexr bthawing. The results of the present
experiment revealed, however, that despite frecuent fraezing and
thawing, firat-stage larvae existod for thirty-six days.

Yhen infested facces wera retained at 0°C (Table 3), larvae
woere recovered for thirty-three days. When larvae, extracted from
facees, were hept at the some temperaturce their life-span was
prolonged fox sixty~throe days during whieh time thore was a gradual
reduction of wmobility and sn increasing death-rate. The difference
in longevity between the larvae in fusces and those in water at 0%
was not the result of desicention since the faeces remained moist
throvghont the time of the experiment. Possibly, some faecul
copstitucont may have beon toxie to the parasites,

Rose (1957a) studied Ymellerius capilleris, a momhor of the
game fawnily as Aelurostirvongylus absirusas, and found thab, from

Decembexr to May in the open, first-stage larvac lived for twenty-




Pable 2

Longovity of First-Stage Iarvae
in Pasces hopt Gubeoi~Doons

Pate Rainfall Awia%%ﬁomd Active Slugpgish Dead
Temperatores

“ e o 7
8/a o - 160 -
11/3 * 2 -~ 12 05 3 3
14/3 % 1 - 16 100 - -
¥ 74 S 1 - 17 63 27 10
20/3 - 4 - 1B 50 38 12
23/3 T 118 39 11 -
26/9 - 0 . 18 92 & -
20/3 + I V) 20 20 -
1/4 «e- w) - 18 80 30 -
4f4 - R 1 01 9 -
/4 4 4 - 10 a7 13 -
10/4 - 4 - 10 73 27 -

13/4 it 1~ 10 - 100 -



Toble @

Longavity of First-Stage Larvae
ab 0°C in FPaecces and in Uater

Taeces Water

Pate  Acbive Sluggish  Doesd detive Slugpich Dead
o f i b ?5 i
18/3 100 - v 100 - -
16/3 2k 66 9 12 85 3
19/5 4 a2 14 11 9 20
22/3 3 86 12 - 74 26
as/a 19 43 38 1 70 29
28/9 4 66 30 e 60 a8
31/3 14 14 12 1 54 45
3/4 16 70 20 w a1 53
6/4 - 67 33 - 56 44,
o/4 2 60 36 - 62 a8
12/4 1 BY 41 - 6D 40
16/4 - 38 62 ] 61 38
18/4 - 100 . 6a 87
a1/4 - 66 35
24/4 - 54 46
27/4 - 60 40
39/4 - 66 33
3/6 ” 80 40
6/% - 27 63
o/6 - 41 59
12/5 " 28 78
16/6 - 28 72

18/5 - - 100




a/%
5/3

Faher Hater + Antibiotic Facces
Date Active Singgish Dead Active Sluggish Dead Active Sluggish Dead
7 o g % b B f 7
166 - 1606 o - 100 - -
67 26 % 13 13 64 44
48 45 15 56 20 3 06 1
i 8 10 8 be 40 e 24 16
23 T4 (i 13 70 17 - 30 70
8 52 42 2 52 43 - 53 47
2 43 Hho 1 40 59 - 42 b8
1 33 86 - 28 (! - a6 84
13 22 65 2 16 82 pd 34 64
9 a8 71 1 13 3G - 45 556
11 24 65 a 14 34 - 50 60
8 19 73 1 11 29 a 42 56
3 24: 13 - (4 93 - 40 60
i 10 89 4 7 79 - 22 70
4 7 89 13 17 70 - i) 76
3 a0 7 1 16 a8 - 28 2
o - - o - - - i 83
T 25 72 2 39 B - - 140
1 29 70 & 24 T
o 12 80 ] 49
1 28 71 - 33 &7
e 26 T4 - g 72
- 20 T4 - 26 72
- 20 80 - 18 a2
- 8 02 - - 100
- - 160
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Table 4

Longavity of Firvet.Stage Lapvee ot Room Temperature (18~2l°ﬁ)
in Vatexr, Watex plus Andibiotic and in Facces



Table &

Longevity of Fipst-Stage Iarwac at 97°C in
Water, Water plas Antiblotic snd in Facces

Wator Water + Antibilotic Paccas
Dote Active Sluggish Dead Active Slugpish Dead Active Sluggish Dead
% # o e % % i 7
2/3 100 - - 100 - - 180 s -
5/2 70 1 20 41 11 43 100 - -
8/3  ac 30 70 - - 106 62 8 -
11/8 7 81 62 1 4 05 - - 100
14/3 26 30 54 & " 0%
17/3 i 49 B0 - - 100
20/3 . 20 60
28/3 1 18 81
26/3 a2 78
20/3 3 8 9
1/4 s 12 88
4/4 - 8 D2
7/4 1 g 07
10/4 - 5 96
13/4 i 8 96
16/4 - - 160
19/4
29/4
a6/4
20/4
2/
8/5
8/5
13/5
14/5

11/



Table 6 21

Longevity of First-Stage Larvae at 4°C in
Yator, Water plus Antibiotie and in Facees

Water Fater + Antibiotie Facces
Date Active Sluggish Deod Active Slupgishk Dead Aebive Sluggish Dead
i o ' &, o PN t A o d,
/ i # i ”© % 7 g
28/2 100 e - W . - 10D " -
3/3 96 2 3 85 5. 85 15 -
8/s 11 23 6 49 43 10 40 53 7
8/3 66 32 8 48 59 13 30 3] 8
12/3 63 24 8 4t 49 4 - 78 22
15/38 65 55 g 29 86 B 4 63 43
18/8 42 v 21 8 76 16 9 38 1)
21/ ol - 9 60 a8 2 - 52 48
24/8 00 11 - 53 42 5 - 55 45
a1/ i 16 8 60 34 6 - 60 40
/3 14 24 2 62 29 9 - 57 43
2/4 69 a9 ) 66 19 5 - 65 8b
5/4 BB 8 4 70 20 18 - 43 57
/s 6y 23 10 68 18 i? - 28 T2
1/4 28 3 as 48 I - 20 80
14/4 5 20 & 5% 29 23 - 18 82
1/4 W 21 g 50 a7 23 - 12 88
20/4 44 53 3 43 42 18 - - 16D
23/4 44 53 3 43 48 18
26/4 b8 40 ) 4 43 8
20/4 59 2a 10 49 40 11
/8 56 25 9 12 84 54
13/5 a7 24 9 6 21 73
20/ 63 32 8 2 17 81
ar/s 84 46 - i o 84
/e 4B 52 o 4 16 86
19/6 40 60 - a 7 61
17/6 14 76 1o - o 160
24/6 20 70 10
8/v 29 B9 12
21/7 60 39 P
a/s 8o 18 .2
w/8 84 12 4
/s 18 id 16
24/8 63 10 8
ay/s o 13 -
/% 80 10 -
14/8 20 %
21/9 70 28 )
28/9 67 20 13
B/10 42 48 20
12/10 29 40 6o

19/10 - - 100
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soven weels duering which period ﬁreeﬁiﬁg ooourred on a nuwmber of
oecasions. Layvee fremen in water lived for twelvae deys. Dezcanse
of possible differonces inm metabolic reguivemenis, esllation bolween
pavasitos, however closely related, is hozardows. In additiom, it
ig difficult to compare oxeactly the elimatic eonditions of any two
periods of tima, Morsover, tho physical chavactor of the fseces of
shoep and of cads differ, c.g. Rose sboted that lorvae weno nolb, te
any great exbont, washed from the faeces of shoep by rain whercas,
in the above investigabion, the opposite was the case with these of
the eat.

A% room tempevaturce, Cameron (1927) and FPey end Stewart (1032)
hopt firvetestoge larvae alive for eleven and elghteen duays,
respestively. Holmaiexr and Hobwoader (1035a) recovered larvae after
five weeks, Gorviehber {(1049) after seven woeks and Blaisdell (1952)
after thirty~Lour duys. Table 4 shows that, duripz the present
experimoent, at room temperature living laxvae were rocoverable
from foaoces for forbtyealght days and Lrom woaber for sovendy~twe
days while the presenoe of antibiotic scarcoly affected the perioed
of suyvival, In each case where comparvable figures ave cwailable,
the longevity of the lavwae vas greatovy than thot vecorded by
gther authord.

At 37°C (Table 5), layrvae in facces rounined active for smix
doya bab died quickly afberwords, probably as o result of

desicoation, larvae, in water at o similar temperature, survived



for forty-two days albhough during most of the time a high
porcantage of dead forms was found. The presence of antibiotie
shordened larval life to such an extont that from the third te
the twelfth days only the occasional living form was appreciable.
That finding may kve resulted from the realidown of the
antibilotie with the production of a larvieidal subatance,

Another important finding was that, ot 4°¢ (Teble 6), lorvae
repained active for a conslderable time and survived in water and
in water plus antibiotic for 220 and 162 days,; vespeotively.” In
facoes at 4"4}, larvae lived for forty-eight days alﬁxougiz during
the last port of that time there was a high proportion of deaths.
Comparable oboervations on the larvae of Agluroesirongylus sbatrusus
are lacking bub Bose (1957a) found living larvae of Musllerius
capilloris to bo present in dry faeces kept at 8 - 6°C foxr fifty-
two wooks,

Several conclusions may be drawn from the results of the
experinent under xoport. It is clear that firsteatage larvae ave
relatively vewistant to changes in temperature and bumidity. The
life oxpectoncy of layvae undex natural conditiong is at least
thirty-six days although, under average climatico circumstances,
they may live longer even if some time is spent in the seil, 0f
major importance with yegnrd to experimental work is {he fact that
loxvae mey bo gtoved at 4°¢ for a lengthy period. Those findings

togethor with the konowledge gained from the previons experiuent,
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namely, that in the course of an average infestation millions of
lprvoe are excrebed by ome cad, help to oxplain the abilidy of
the paragite to surviwe despite its rather complex lifow-eyele,
In that context teo, it mused be remomberad that the incidence of
antivo paxasibic infoction of the cat in freat Dritain is high
(Lowis, 1927 ond Hamilton, 1060h),

A Imowledge of the bionpmies of the larval stages of all
porasites in novvssary ond moy load to the intreduction of
moasures of control. Howewer, with respest to Aclupogtronsylus
absbmsus, the nomadie and préying habita of cats ensures continual
eontoct with potentielly infeeted intormediate oy storage honts
andt also cousog widewpread distribution of infested faccos,
Aooordingly, it ie impossihle to recosmend any veasonable system

of oontvol whieh is likely to veduce parasitization of cats,



Bxperiment Three

A The Bole of the Mouse as an Intermediaste liest in the

Lifo-Cycle of Aelurostrongylus ahstrasus



Introduction

One of the controversial issues conocerning Aelurostrongylus
abgtrugus is the role of the wmouse in the life-cycle of the
parasite, OComevon {1927), after a sevien of succesgful
axperiments, claimed that the intermediate host was the mouse, which
finding appeared to be logical if only because of the clese relation-
ship of that species with the cat, Cawmeron's work, however, was not
confixmed by Daudet (1933) nox were his results corroborated by
Hobmaier and Hobmaier {1930a) whose investigatioms revealed thab
molluses were the true intermediate hosts and that nice acted as
auxiliary hosts., Leter still, Gevichter (1049), Blaisdell (1952),
Maokerras (1967) and Hamilton (19662) found molluses to be satisfactory
intermediate hosts and, additiomnally, Mackerras roported failure to
infeet two wmice with firast-staoge larvae procured from the faeces of
a cat,

Thug, it appeared to the author that, because of the successful
rosulis repovied in Britain by Camerom {1027) with the mouse as an
intermediete host and since unsucoessful efforts to infest mice with
first-stage larvae had hoon experienced in the Netherlands (Baudet, 1933),
in Amorica (Holmaier and Yobmaier, 193%a), in Palestine (Gorichter, 1949)
and in Sustralis (Mackerras, 10567), a further atbtempt should be made

to ascertain whether, or not, the mouse way act as a true internediate

host for Aelurostrongylus abstrusua,
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Materials and Hothods

Youny, laboratory-bred, white mice¢ were used in the course
of two experiments. [During the firat trial, eighteon mieco werc
given, on average, several thousands of first-stage larvae that
had been recovered from the faeces of an infected cat, One month
later, the mice wore auntopmied and representative portions of
practically every tissue of six mice wepe fixed in 10.07 corvosive-
formol, embedded in paraffin-wax and sections cut at five nicrens
wera $tained by haematoxylin and eosin for microscopicnl examination.
The tissues of the romaining twelve mice were cut into swall pieces,
wyapped in pmelin and inwersed in water for forty-eight hours in an
endeavour to recover larvuae,

In the seoond experiment, twenty-four mice were used, Ovor a
poriod of fourteen dayé, first-stayge larvee were introducoed into
the drinking water whereby ecach mouse imbibed tens of thousands of
larvae. Two months after the start of such infestation, the mice
were sacrificed. Six animals were used to provide histopathological
material and attempts were made to retrieve lurvae from anothey
gix in the manner outlined above. The remanining twelve nice were
fod in their entirety to two cats and the latter killed after o

period of eight weeks,

Regults

Uxperinent One
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At autopsy of all eightoen mice, aovidence of o parasitic
infestation was wholly lacking, Histopathological examination of
representative sections of all tissues also falled o reveal the

presence of larvae, The oxtraction experimeni, too, did not

result in the iseolation of any larvae of Aglurostron 8 abstiyrusus,

Experiment Two

Posb-morten exomination of twelve of the wice failed to
reveal evidence of paramitic infestation., Iiastopathological
oxamingtion of the tissues of six mice and extraction investigations
with other six were likewise negative. Autopsical and histo-
pathological examinations of the tisswes of the two cats that had
heon fed aix mice each, eight.woels proviously, did not discloese

any sign of the presence of lungworm infestation.

Discussion

The coupletely megative findings of the ahove experiments
confirm the work of Baudet (1933), of Tobmaicr and Hohmaier {1935a),
of Blaisdell (1952) and of Mackerras (1057), all of whom did not
accept the view that the mouse was the true intemmedintc host.
Controversy over the life~cyele of the parasite followed the
appavently saccessful work of Caweron (1927) who fed four cats

with fivet-stage lavvee from infected cats and, at auntopsy,



failed Ho Tind any pulwmenary lesions, Again, of seven ocats given
infected mice, two died shorily after infoction but all of the
vemainder were found to exhibit Aslureostrongylus in the lungs
wheress control sate proved neb Lo suffer from lumgworm infestation,
The discrepancy botween the fimdings of Camercn (1927) and those of.
other workors is difficult 4o exploin. It seems to be stroetehing
poineidence too far to supgest that the exporvimental cats used by
the former were already infested by lungworms since ounly those
vhich hed been fed with infecied mice subsoquently developed tho
disesse, Mackerras {1957) compaved the morphoelogy of the parasite
given by Comeron (1987) with that furnishod by other zuthors as
well as with her own findings and decided that, save for wminow
exceptions, the sewveral descriptions tallied, It may, therciove,
be aceepted that Cameren wag working with Aeluvostrongyine absirusus.
The main weaknoss in Comeron's work seems o lie in the forty-
gix white miee used for passage of the larvae, all of which were bred
in captivity apd the majority of which were obtained from the sane
gsource. Hecause of cutbroake of "sarxeosporidicsis” and eof
“rat-bite fover", a nwuber of the mice died before the experiments
wore completed. 14 is pessible thet such mice beeame infected
with third-stage larveae as o result of the ingestion of parassitized
sluge and spnils conbained, perhaps, in greecw food. Against that
theory i the information thet control miee from o siwmdlar source

preved negative for bthe presence of the parasite,



The two versions of the life-cycle scem irreconcilable,
Moclerras (1087) suggested that, in other parts of the weorld,
there moy he other specios of paresites involved in lungworm
infegtahicon of the eat, However, despite considerable experionce
of that condition in Britain, the author of this thesis hos
recovored only Aeluvostronpyius abstrusue ond s¢ has ¢oneluded
that, in those Islonds, bthe agscciated Intermediste host is, as

in other payis of the werld, o melluse,



Experinent Thyee

B The Hole of the Movwse as a Paratenic Host in the Life-Uycle of

Asharostrongying ohetrusus
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Introduction

It has boon estabiished ¢hat the mouse is nod the true
intermodiato host of Asluvestrougylius abstrusus, Hobmaier and
Hobmnier (1935a), bowever, found that a variety of animal apcoies,
inelnding mice, may act as pavatonic hosts for tho purasite., That
finding was supported by Mackerras (1057). Im oxder +to confimm
the work of the latter anthors and, wore especially, do ascertain
bhe length of time thot larvac may survive within infected mice,

the following oxperiments werc porformed,

Matorial and Metheds

Thivd-stage larvae wore exilracted from infeated snoils by
the method previonsly described and, in anumbors of 500, wexe
adninistered oxally to eighé mice, Al the end of one, two, three
andd four months, two wmice were autopmied and fed in their entivety
to a kitbten. Iwo months later, each cat was killed, examined
and portions of lungs fiwed in 10.0f% corresive~formol, embedded
in wax, secgtioned at five microns and stained by haematoxylin and

eosin,

Results

Smoll, white nodules, aboud a millimetre in diumeter and
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vontaining thivd-stage lavvae, wers encounbered on tlie scrosal
suriace of the small intestine and within {tbe omertum of infocted
wice. The lavvae, whieh had lost thelr sheaths on velcasc frem
the sneids, were viable and bed net undergone development koyond
the thirvd-stage..

Autbopsical ond histopathological exwaivetions of the lungs

of the four cats showed lesieons ehliavacteristic of lungworm disease.

Disouwgsion

Mice acted as paratenic bosts for Aginrestrongylus abstrusus.
Thirdestage larvae coiled up within the ruvine tLissues and
remained alive for four months although it is suspected that such
forms may suvvive the lifetimoe of the mouse. It is highly
probahle, thorefore, that the latier specics pleys an impoxtant
paxt in the liveecyele of the lungworm,

Tho pulmonary lesions producad in the experimental eats, however,
wexe loss severe bthan bhose expeeted to rvesult from oral
administration of a thousand larvace apd such findings suggested that
a high percontage of the latior had failed bo survive the additional
pesaosge through an auxiliary host., Nevertheless, in viow of tho
Lact that large numbers of first-stage larvae are exereted by
infected ocats and thaet f£irsat and third-stago foxrus are able to
oxist wndor varying conditiong for a lonpgthy powilod, the letter loss

in pessibly of little significance to the ultimate survival of the

DRV . B ST



Toporimend Fooy

The Developmont, Mipration, Pistribubien and Longevity of Larvae

of Aslovogtrencylus absbensus within, and Pathogenicity fox the

Molluse, llglix soporps



Introfiuetion

Hotmaior and Holmier (1080a) firet showed that the

intermediate host of foelurostrongyling shotrusug wes s wellusc,

Tho auwshors found thot the sneils of the genus Inipliwemophors wove
bheat but that snnils sush es Helninthomlvnto end Holix and slugs of
the gevern Agriotiwmas and frielimax were alpo suitable, Gerichioer
(1949) sadded other molluses o the 1ist ¢f hostas Chondrula,
Helligolla, Momaohe, Ieventine, Bobinells ond Thebs bub consideved
thotd Hellicella, Monsehe and Agrielimaw wepe mout apprepriate since
the pavagite gqulelly doveloped within thom., Bladsdell {1962)
infosted goven apeeied of anedlds and five of slugs snd introduced
srnails sueh s donitoldes, Angispivg end Mosodon end sluge of the
gonora Davoceras, Avion and Pallifoea, Tackoryas (1987) and
Homilton (1966a) found that Agriolimer lsovig end Holiy aapexgs,
vogpeatively, were convenlond intermediate hoats,

Helmaior and Holumder (1080a)}, Gevichier {1949) and Mackervas

gatrenoaying obsirusns

(1987) deserihed the devolopment of Agh
lavvone within mollnses and the purpose of the following
invesbigations was to coufimm cerdain aspeots of that cyele in
Helin noperan. In addition, 1 was proponed bo Investigate the
ronte of enlry of firvst-sbage Ilovvae into sunails together with
the digteibation within, and the effocts of sueh parasites upoen,

the host and, fiually, to nssoas the longovity of bhirdestago
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larvace in infocted nolluses,

HMaterials and Methoda

Firgtwgbage lorwae were rocovered from the fucoces of infeoted
cots in the manner earvlier desoribed, Watex, conbtaining large
numbors of lorwae, was ploaced in a shallow, glass dish to o depth
of spproximately six millimetres and snails of the gemus, Helix
agpergs (Fig. 1) were repoatedly iumersed and allowed to wallow in
the 2luid for a peried of gix hours. In exder to trace the process
of iowasion and migration of the Jaxvae and the associated host
reaction, at least two anails wore killed at the end of ona, two,
four, six and twonty-four hours and one, two, four, oipht, twelve,
twenty-four, thirty-gix, fifty~two and one hundred and four wecks
and the tissues fixed in 10,05 foxrmolesaline and cwbedded in
paraffinwwvox to he mectioned ond stained by hocmoboxylin ond oosin
and picro-Mallory stains, In sneile killed from twelve weols
onwards, o portion of sole was used for the provision of third-
gtnge loxvae. The developmont of the latier was followed over a
peviod of thirty doys. Ewvery gecond day, larvae were teased from
tho foot of an infectod snail, ploced on a slide, a fow drops of
.01 cotton-blne~lactophonol added and the prepavation gently
warmed to fix and allow staining of the gpocimen. in addition,
trenty, vnstained firat, second and third-stage larwvae, inwobilised

by heat, wereo measured with the aid of an eculax mwicrometer
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and an avorage fipare computed for coch sitage, To agsess wint
wonld constitute a fatel dose of larvae foxr u molluse, a group of
the lattor vag kept, o9 far o8 possible, in constont eontsct with
Firgt-stoge larvae until death of the snails, At that time, lorvee

were extractod from the dead mollusés and the numbers dounted.

Hegults

O Dovolopuent of Larvae

Pivstwstago laxvee (Fig. 2) wore, on average, 0.89 millimedyes
long by 0,02 millinetres wide. Afbor ponobration of, and migrabion
within, the molluse the loxvane ecoiled wp and wovoment ceased. Two
doys loter, larvae showed the boginning of o gradual development of
calls Yining the integtine and wbll the tiwe of tho first mould
thove was, in those cells, an accwmlation of refrsobile foodw
granules which, in some casces, masked the inner gtyucture of the
povasito.  The exsheathing procvss origingted at the boad and tail
vegiony o the twelfth dey and bad been comploted in two days to
foxm, sbtill within the layval sheath, gecond stoage forms., The
lattor (Pig. 8) measuved, on average, 0,45 millimetres in longth ond
0,04 millinetros 1w breadth while the loyge fntestinal celly wero
filled with gramales which, hovoever, deervaged in amount as the
time for the apoond woult approzched. | The labtter scemrred six to
cight deys after the first and resulted in the retention of the

second shoath and tho losg of most of the intostinnl pranulod.
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,’Fig.’3 Unstained, ensheaﬁhéﬂraecpﬁdastage 1&?@uab?f“ L
which has been removod)frquﬁpllusca@’fiés@élﬂ
The refractile food—grdnules are pfomincnﬁ. ‘J;‘

Tx 900

Pig. 4 Unstained, ensheathed third-stage larvac
dissected from ﬁhg gsole of o sn@il; ';'"

5 xgo(, i
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Phird-gboge lorvee (Fig. £) wore longer, ot 0.58 millimetres, bud
s8limmer, at 0,08 minimat'resy, thon thoir prodécessors end, ofter
otoapo from the sheaths, diaplayed high motility. Afbor a peried
of twontby-throo doys within gnails, guch larvae proved 4o he

infoctive fox bhe sat.

H Penctrebion, Migration ond Host Heaction

Taxves bad not gained endtrance to the snaills after two hours
ut, two and fowr hooys later, had appeared wnder the opithelian
of the nole although theix presence had not ewokoed ony reaction on
the pavt of the host, It was considered that migration within
the molluse hnd ceased by fordy-eight hours and, ot bhat tdme,
numerous parasiten vewe demonwtrated in the deepor layews of, and
orgons adjncent to, the sole and were survounded by ax scowanlabion
of mserophage-iile eells (Fip. B). One and two weeks aftor
infeetion, the prowth of larvac had caused the flottening of the
invesbing cells and, by the lattor poried, there was evidence of
a reduotion in the cellular contont of the paragitic nodunles.
Paytidipntion of connoebive blpsus elements was mindwnl. One,
twe and theee nonths after infestotion, the lesions had decronsged
in size ond the presense of o single-layered couwncetive Hiosue
sopsale was noted. By six, twelve and dwenty-four sionths, layvie
presontod o pimilox appearance (Fig, 6). The cellular weaction

bhad disappeared with the exception of o single loyor of fibreblosts



Fig, B = Pivot-stage laxvae of Aclurostrongylus abstrusms
fnrtyuezwht hours- after 1nvasian of a molluac.
There is marked macroPHagxc reactxon around the

parasitea.. F . _ e
laematoxylin and Eosin x 150

ﬁigp:6 ‘ Third«stage larvae of églg;ﬁ&ixe&legg abatrusug S
B two years after invaaion of a molluﬂc. '}The S
: cellular reaction has disap?eared and a thin 13¥er :;jL;  if;
S >o£ connective tissue separates the 1arvae from the f'”; R
.,,molluscan tissues. -g’.?zf-- \, i.:g;;ﬁ“ B f' 3
| Haematoxylin and. Loaln X 3%07} j f]¢5,

: e P
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and their associated fibres but, in many inatanees, larvae lay in
intimato contacd with molluscan tisswe., The numbor of parasites
tad apparvently declined and, oecasionally, degenerato forms were
approgiable, Lorvae liberated from snails aftex three, six,
nine, twolve and twonty-four months were active and those
rogovered from the mnails that had beon infocted for two yeors

" proved capable of cansing luidgworm disossc in a eot.

© The Noabor and Distritution off Iorvae inm Molluses

To aggens the muwhor and distribubion of third-stoege larvae
within Infoctod snolla, thivdy of the latler wewe killed, tho
foot of coch wolluse sepavated from the visceva, and, by the
pethod sorlicy dogeribed, lewvae were extracted and counbed from
gaah of thove avecs. Teble T wecords the vesults of tho oxercise
and il wmay be obseyved that an aversge of 497 lorvac wan
yocoverod from eaolh spail., Sixty-four per cent of that mmber

won isolated from the sole.




PYublo ¥

The Number of Thivd-Sbage Lervac of
Aeloroatvonnyius abstausng Becovered from Snails of the
Spocies, Helix appoysa |

Soail Yo, Yoot Vigceora
1 14 a
2 430 239
3 687 273
4 133 5121
5 441 a6
4 J62 G0
7 266 00
8 g a0
9 215 160

10 247 273
11 117 159
14 120 12

13 349 TH2
14 222 4091
15 311 50
15 147 100
1w 100 160
18 670 325
10 (1514 200
a0 330 206G
21 107 200
] , 868 5GY
23 323 170
24 a68 j L4
26 260 108
20 303 424
LY 4 811 168
28 120 -

29 o2 -

30 115 14
Potal 0472 5418

Average No,
pox Snuil 316 181

% of Total 64 36




a Poathogenieity of Loaxvue for Molluses

0f the fwelwve young suails that had heen in comatent cowmbact
with firvotestage laorvae, one dled after fifteon, threo afbor
goventeon, threa afber ninoteen and five after twenty-seven daya,
Theve wag iitblo difference in the nuaber of lorvae, of 211 stages,
recovered from each of tie mwolluses and o mean rate of fifiy-seven
wag achieved, It was notahle, however, that only third-stoge

forms wore rotrieved fwom the lattor five snails,

Discession

The meapmrepent ond Hhe gtages of developmont of layvae
recordsd in bhe prosewt sxpexdmend approzimated the findings of
Hohmadew and Hobmeicy (308Ba), Gerielhter (¥949) avd Maokewsus {1057).
Larvee accummlated food-matorial ob the oxpensic of the hoat until
the first moult and, thereofter, ubiliged those weserves fox the
production of thiwd-stage forus., Tho lattor oubhora dosoribed
the fiwad mould Lo ooour ton, eloven and six days, vespootively,
eftor infeotion as opposcd to tho fourteen days of tho prosoud
investigation and the second mould o iako place foux to five wooks,
six and three daye later, wospeatively, in centwadistinetion to
the gevon to aight daye of this yeport. Thexe ls a tio-fold
explanation of those difforences, Gorichter (1040) found that 30°C
wos the opbimal developmental toupercture for lavrvee and, ag id

grew coldor, the maturation pexied imoxeaned. As the snails of



the present experimont were kopb at o temporvature thet varioed
betweon 18 and 3490, thiat factor way explain the longor tiwe
voguired for larvael development. In addibien, different apeaies
af saolls may be loss suitsble inbermediato hogbs than Agxiolimox
apwentin in whioh Mackerras (1057) found the mowt rapid waturation,
yot ropoxrted, of Aeinrostronoviue sheotrusus.

Hobmador and Hobmaier (1934) considered that, if ingested by
wellnaes, firstestage lungworm larvee died and sugposted that
penotration of tho foot was the only route of infosgtation.
Richovds ond Merritt (1067) stated that, in the instence of
Angiostrongylus con g, mollugos became infoctod by the
ingestion of layvae and recovived support for that hypothesis by
the work of Bnopp (1966) who recovered 98.7% of ull larvae from,
and around, the gut of suaile infected by the sawe poarasite,
However, the resultd of the preeont work showed that afier several
hours of contost, lorvae of Aeluwostronnylus abstrusus invedod the
sole of the molluge and, ovox the noxh twenty-four to Lordy-eight
howrs, wigrated jnte the deg%hs of that organ and into the peri-
viscernl disgus,. Larvae wore nover doamonstrable in, or nmalking
theiy way through, the gut and it seems unlikely, therefore,
that lawval ingestion plays suy payd in infostotion of snails by
the letber parapibo.

Hobmaier and Hohmaier (1032) reported thot lungworm larvae

wore confined to the sole of infected smails hub Yable 7 shows that
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no fower thomn gﬁ,ﬂ% of all larvae wero recovered from the viscera
of sueh hoste., Fyrom the superisentsl vicwpoint, ot Jeast, the
lattor finding i of ifmportencae., The pamo Table alse roecords fthatb,
from thirty snaila, an average nuwnher of 497 lervoe wag rotrieved
although az four an nipoty~two and ag mony as 1,600 were oxivacted
from lpdividual snails and, thot, despite the faot that cll of the
lattior bad hoon subjestod to bhe same troeatwend, ITb wos
suprprising thet moroe loyvae did not entey the molluscs but whether,
o1 nob, that was o reflection of host yesisionce oy a result of
the inability of mony of the pareasites to brench the tough pedal
epitheliva is anlmown, The failure may be econmeeted with the use
of innppropriate species ag sugpested by Gerichter (1048) who
discovored that some snolla were noye susccptible to invasion than
otheors, Mackerras and Sandey:s (1955.), ‘vaiac!ussing the difference
in wolluscan liability to infootbion with larvae of Avgiostroncying
contonensis, noted that in one unfavourablo spocios y» Onchidium,
the majority of the parasites 'Xfm?. been gurrownded by fibwous tissue
apd subsoguontly absorbed by the slug. That footure may be

velovant to the longevity of the larvae of Ac

.,-"!rluﬁ
ahotrugus within Helix agperse sinee the compovative lack of
aomostive btisswe paydloipetion wae mesb marked, At besgt, ib
consisted of o single~loyered capsule which, in meny instences in
the loter gbnges of the infectlern, wae abgend and allowed the

larvae to lie in intinote agssociation with the molluscan dissuves.
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However, hwst susceptivity rmat be regarded in the light of the
extent of opportunity given to the larvus to entoy the email and
it is of obvions importance o provide adequate time for infoction
to tuko ploge,

With reapesd to the lattey statement, the informntion gained
from leeping opoils in, more or less, congtont vontact with first
gdoge larvee ds oppositeo. Yeung snadls of six to oight bundred
miliegromues in averago woilght bhind bhoen utilized but despito the
exposure time, as long as twonty-seven days in five individuals,
the mueher of lepwae that had geined ondrance to the mollusos
was nob high, nor bhad it inoreased greatly as the period
lengthenad, I£ that result be comparod with the larvel recovery
rate from adult snails (Table 7), of eipght 4o ten times the bhody-
mags of the juvenile forms, it will be apprecisted that little
nuaerical advantege acerned from the prolonped period of infection,
In view of the paucity of larvee and with the knowledge dhot
nodbiey death nor apparvent illebealth had affected obthepr vnails
with heovier pavesitie burdens, it was consideved thot those young
molluses hed died from bectorial sy protezoal infection or ag a
resuld of living ander ohnoral enviremmentnl copditions., In
agupport of thot theory, histopathologicol exawination of pordions
of the dead snaile sbowed thot larves had neilthed ivfildraded nor
deatroyed any vital ergan. It 45 distinetly possiblo 4that

irmmnity, proveled by tho ontry of first~gbage layvae, hod
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protestod the snalls epgoinal further dnvasion silace, iu bthe case of
the Live that had swiwived for tvwonty-svvon doys, only thiyd-stage
loevae had boon yecovered which scemed fo indicate that the adunission
of Lirsb-obage lovvas bad heen in choyanse fox appeoxiwatoely
fowrtoon days.

The cureent findings load o tho hypothesis thad, andor natural
conditions, infected wolluges may enrry suanll numbses of lavvae and
that onds sulfering from lungvowm dlsoage reguire to have ipgested
nomerous &lugs oy suails wnloss, of pouwse, sdhorage honts play o
more importand port im the 1ife-pyele of the parasite than has
bitherte heen puggested. Iobmaler and Hobmalow {19382) found that
Frogs, toods, lisaxds and sonkos, pome speckes of hixds and rodemtby
agted as auxiliavy hoota and 1t is peopillo that the lstion twe
grovps, with tholr propensity for eating molluges, way ccowmmlate
yeasonable mubers of thivd-stage laxvae and so becomo an important
link with the diseaso in the eeb. A signdficant foctor in that
rolabionship is the Ieugbh of tive dupring which infective larvao
way porsdsd in intorgodiate awd pevatonic hosbs. In the above
usporkmont, althoough it 4id apposr that the oaaber dindnishod asg
bime preogressed, thivd-stage lavvae wore rogovered for twe yooxs
after infesiion of swails had beon accowplished. Gerichtor (1948),

Algouseing the sang parasidve, describol a perioed of seventocn months

Iy

ond, with Modilesiug eopiilopis, Boge (1067h) rocovded tbat larvae

sunyived wii;ﬁiw'malmsne tor at least one yea.,., Theso vesulis
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confirm the view ¢f Govichter (1048} 4hat oneo sush a host wos
infected, it vebained thot state for life, From the previous
experinent has come the information that larvac rawaln visble in
mice for at least Lonyr montha.

That lorval stapes should persist for o lengthy perioed is
importend to any pevasite bub when longovity is reporied for frec
Pivat-atage lovevse and for thivd-gbage in donternedinte and storage
Wsis, then sueh paresites ave, indeed, favourably placed to overw
come the vicissitudes of fovtone which awxo inberend in any complex
IiZe~gyele., Aglurostrencyiug shetrnsus s in that preopiiicos
situation and its saccess in svrvival wmay be Judged by the extent

to whioh infosdotion bag bheen achicved in $he Pinal host.
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PART TWC

THE NMIMBER OF LARVAR OF ADLIROSTRONGVIUS ADSIRUSUS

REQUIRED T0 PROVUCE PUIMUNARY DISEASE IN THE CAT

PAREMTERAL TNPECTION 0F THE CAT BY ADLUROSTRONGYINS

3 ol

BE--INEFESTATION OF THE OAT WITH ARUUROSRTRONGYLUS

AIBIRURBUS

PASSTVE IMMUNISATION IN YUNGWORM INFECYION oF 78
CAT

THE PRODUCTION GF DMUNITY AGATNST LURGWOTR DISDASL

BY REPEATED ADRMINISTRATION OF NOMN-PATHOGLNIC NOMBERS

OF THIRD-STAGE LARVAER OF ARUUROOTROMEYLUS ABSTRUSUS

TH INPLUENCE 6F INPESTATION DY ARTUROSTRONGYIUS

ABSTRUSUS, 01 WHE VASCULATURE OF TGE CAY




Expoximent One

The Number of Lurvae of Helurostrongylus abstrusug lleguired to

feefina

Produce Pulmenary Discase in bhe Cat.



Introduetion

The nwber of third-stage larvae of felurestronsylus

41

abgtrusus reguired te produce disease in the cat is still wnknown.

lobmaier and Hobmaier (1935h), Gevichter (1949), Mackerras (1957)

and Homilton (1066a) achieved such infestation but did not specify

the nusiber of larvae involved. Beecause of the lack of such
information, of value both epilzootiologioally and experimentally,
it was decided to ascertain the number of larvae necessary to
produce lungworm disease and to investigate the couxrse of any

subsequent disorder in the cat.

Materials and Methods

Third-stage Aelurostrongylus abstrusus lsrveae were isolated
from infected snails by the method desexibed in Part One, The
infeetlve laxvao were then fed to thirteen kittens, twelve to
{ourteen weeks of ape, which had been weaned in the animel house.
fiach pair of kittens received fifty, 100, 200, 400, 800, and
1600 laxvae, respectively, while {the thirteenth animal was given
3,200, To obviate vomiting, the larvae were sdministered in
nilk or water, in small dosoes over soveral dwys. Hight weeks

aftor the last dose, the cats wore killed, a blood sample taken

and & comprehensive autopsy performed, Duthanasie, in the presend

and in the following exporiments, was performed by the
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intraperitoneal adwinistration af poentothal. Occaslenally, in

the case of a fravtions andmal, injectlon was glvon by the
indratheracic route. Portions of the lungs, wmyceardima, kidneys,
liver, stomach and intestinesn, hrain, bronchial and wesenterie
lymphe-nodes and spleer were ‘baken for histopathological examination
and fixed in 10.0% corresive-formel, enbedded in purafiine-wax,
gpectioned atbt Five microns and stnined by hacmatoxylin and eosin,
Haematologieally, haemnglabin, packed cell volume and erybhrocyte
sedimentation volues were eatimated for each cad and total ond

difforentinl vhite o)l counis were algso munde.

Bosulis

a Clinical and Hacmateleogical

None of the cats displayed ony oliniecal upset wntil
approximately Pive weoks after infestation. At thatl time, the
animale Jn receipt of 800, or more, larvac ghowed an accelerated
vespiratory rate, especially afber exercigse, and during the last
three woeks the cat given 3,300 laxvee was extremely dyspnocic oven
o6 xeat, Coughing, particularly after handling, was apparent in
all of the cats from six weeks onwards ond was woyse in these that
Lhad heon fed 860, or wore, lorwe, Tawing the three weeks
proceding euthonesia, the tvo animals given 1,600 os well ag the
cat fed 8,200 lervae had o voduced appetite which was asspciated

with loss of bodily comdition. The sowe snimals evinced
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dipinished {thoracic vesonance on percussion and, on suscultabien,
adventiticns pulwenary seounds wore prominent,

The parvasitic infeetion dld not affoct dhe ved cells and
porial values wore obftained froem baemoglobin, packed coll volune
and menn covpodenlor haemoglebin concentrotion estimatiors, In
eipght of the thirteon catu, thore was o lencscybosis which was due
viainly to incrcase in the number of lymphocyies, FHosinophilia
{more thon 1000 eolls/eu. wm.) was algo noted in seven of the cate.
In all bwt the animal given the greatest nunber of lavrvae, erythrocyte
sedimentation rates were ipereased and valnos frem 12 $0 42 wmw./hour

wore common {Pable 8),

b Gross Poptw-Morten Bxaminabion

The Iuwags of both of the animals infected with fifty larvae
displayed a fow pin-point, non-elevated, pale arecas which were
randonly distribated throughont all the lobas, In the two cats fed
100 larvvae, the Jungs weve equally affected inpofar as rmaltiple
lesions eccurvaed in all lobes {Fig. 7)., Snch lesions veried from
punetiforn, pole white focl to thoso up to one nillimetre in diameter
and, in dome aread, coalegconce had oreabtod lesions, np to twe
cenbimotres in diameter, that were yellowish in colour and of fairly
ecrambly comgindence., In eno animal, the diaphraguotic lobos wore
more hooavily infested while the cardiae lobes wf the other cat were

almost solid. Howover, the majority of the lesions wers discrete
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end plonty of normol pulmonaxy tissme remained. The appeavance of
the lesions in bthe lungs of the cats given 200 andt 400 larvae was
gimilar to that described above exeept thot the focl were wove
numerond and widespread and hnd become less disoreie to produce, by
wonfluence, mmercos elevatod lesiona of approzimmtely tyo contiwmetros
in daweter (Fig. 8). In one cat, the dlagpbragmatic lobes were
markedly invelved,

The pulwmoncyy changes atiained greater wvogpitude in the case of
the catas fed with 800 and 1,600 lexvae. The lungs of all four
animels shoved widespread and meveye lesions {Fig. 9). The righd
apicel and cardice lobes of the lungs of one cat wove entively solid
without a irece of functional pulmonary tdssue. The other lobes,
and those of the romsining {three cate, woere diffuscly imvolved, fimm
to the toueh and protusive, coalescent lesions ilmparted a rippled
appearance to the surface of the evgan. Boecause of the colour of
the parasitic foci, the luongy had ssswred & yellowish hue and a pusw
iiko fluid was expressable from the cabt surface, There were
pronounceld areas of cmphysema, The lungs of the cat infected with
3,29¢ lavvae weve enlorged and virturlly selid {Fig. 10). The
lesiens had involvod practically all of the pulponsry dissue so that,
on ae¢tlon, the lungs wore of flxm consisteacy beeause of the loss
of elagsbieity. Dupbysematous aweas were prominent and oroowy,
vigeid fluid, vich in cggy, lavrves and cells, was procurable.

The hronchinl lymphenodes of overy animal were enlawged, pale




Fig. T Gross uppearance of the lunns and ]ymph—nodes of a

cab glven 100 thlrd-ata e. 1arvae._r The dzaphragmutlc

10hes AYa nobtbly affeeted

Fig. 8 Wideqpread !cslons in the - lunws of the cat doaed

: wah 400. 1arvac.v‘,
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'?;Ffi.g, 9 Cat g).ven 1 600 laxvae. The lunns ar° enlorwad
’ | ‘and every lobe is markedly affected. 'I’he bronohial
lymph-nodes are grossly swollen. |

~ Fig, 10  Uat dosed with 3,200 larvie. - The 1ung‘s" are -
S enlarged with w:Ldespread involvement and

c.onsolxdumon of 411 1obf..a.
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white, firm sud homogeneous in chazacter (Figs. 7 ~ 10), The
degree of evlergement wes voughly propoxtional o the infeciting dosc
so that, in the asuwimal given 5,800 larvae, the nodes were of maximal

sine and measured approximately two by twe contimetzres,

G Histopathelogy

Hagically, the histepathological changes in the lungs of the
thirtoon experimental enimals were sinilox although there wero
variations because of the differont doses given.

AfFected parids sbowoed lorge areas of celluvlar weaction located
avound, doveloping eges and larvaw. The main types of cells
consioted of vosinophil leucocytos, lywphecytes, waerophbages and
aamerous glavpletelis. Adult womms were foand ln the bronchioles,
slveclaoxr duete apd alveoli and bypertrephic changes of the smooth
maseie of the two fomuer structures were preseant {(Fig. 11},
Colluloy infilteation ocenrred into the inberstitial tlssues and
odveoli while around the brenchi and bronchioles wore umeny
Iywphoeytes aud eosinophil leucoeytes. Thewe were yogions of
alvealalr epithellaligation and euphysema. Bronchilis awnd
bwronchiolitis were associuted with the prosence of ova, lavsue and
cosinophil leucocybes within the sffocted lumina {(Plg. 18).
Migration of lyuphocytes and eowinophil loucocytes into the arterinl
intima (Fig. i3} and the perivasculor Gissues was mavked and, in

nomo vesseis, ondothelial swelling and proliferation was apparent.
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Hypertrophy of the medial coat of the muscular pulmonary arteries
was pronouncod but, although that change was often widespread in
the vessels of lungs, normal arterics were still recognisable,
Stretching, fragmentation and, evon, disappearance of the elastic
laninae of affected vessels were common, In the bronchial
lymph-nodes, therc was an inerease of the lymphatic elements to a
varying éxtént with, in some casos, a moderate accumlation of
cosinophil leucocytes.

In the cats thatlhad recelved f£ifty, 100G, 200 and 400 laxvne,
there were some differences in the pulmonary pathology. The
general recsctions were aimilar to those described above but tho
nanber of egee and larvae was considerably fewer and the latier
were gontained within a highly cellular ares of reaction
characterised by numerous lymphocytes, plaswe cells, macrophages
anidl giant-gells together with a smaller number of eosinophil
lencoeytes. lMany of the egge and larvae were degenevate,
Alveolar omphysems was not widespread but was restricted to tho
scenes of pavasitic activity. In the cats that had received 800
and, especially, in theose given 1,600 and 3,200 larwae, the amount
of swrviving respiratory tissue was either considerably less ox
prootically non-existent and emplhysema was o prominent finding.
In the some andmals, a larger number of artories were hypertrophic
although the gravity of the change in individual wvesaols did not

appear to be greater.



Fig, 11 - Adult worm, a.s_soAcia.te'd. with tlﬁe presencé."qf
developing eggs, lying inién_alved'lér,-ducf.

Some hypertrophic change is evident in the wall

of thit structure. . | :

| Hagmatox§lin-éﬁ@¢§bsih x 160

o

Fig. 12 DBronchiolitis, pariai"terial lymphdcytic féaction
' and hypertrophic change in the med:la of a smll
pulmonary muscular artery.

Haemtoxylln a.nd Losin X 150 ;‘







Fig. 13

A musbula_r pulmonary artery shé&ing médié.l
hypertrOphy, endothelial proliferafioﬁ and -
infiltration of the intima with eosxnophil

leucocytes and Iymphocytes.-
o Haematoxylin and Dosm x 150
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Peoousslon

There are a fow recorded references to the clinical aspeots
of lungworm disease in the cat. Blaisdell (1052) reported
occasional or froguent coughing in infected cate wnd, in three of
her worst ocases,; logs of body wedght, deprcession, increased pulse
and respiratory rates and dyspnoea were recorded. Sudduth (1055)
noted eczoma, diminished appetite, loss of weight and dyspnoea in
associotion with six cases of the disease. [MoKenmie (1960)
obsexval alipht unthrifiiness in two kittens in which lungworns
wexe found and Hamilton (1966s) found thet experimentally
infectod animals coughed but appetite and bodily condition remnined
good, The same author {(1963) deseribed one spontaneously fatal
cuse in which the cut heecome progressively emacioted and dyspnescic
and developed a marked pyothorax beforxe death. However, the
severity of the diseane is rolated to the infecting deac of larvac,
the immune sbtate and the general condition of the infeoted onimul.
In the experiment undey voport, the kittens were in good bodily
condition and had no immunity at the stort of the exporimoent so
that the only variable factor was the muwber of larvae given,
Lven in animels given the same numbor of larvae, thore is some
divorsification of dosage inasmuoh as it is not feasible to
separate larvae into male and female forms hence, as the worwms
pady off, il way happen that o dose of 100 larvae may produce

congiderably fower than fifty pairs of adult worms in the lungs of
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dhe final heot. It i also probable thet only a small perceniage
of layvae evenbdually overcome the difficulties of migrotion and
vench the tungs (Rose, 1989}, Dwon with those voservations, the
experinont has shown that as fow as fifly thirdwstage layrvac may
cause lesions of the lungs although such infection ié guickly
ovorcome and, as fow if any fivststage laxvae are conscguontly
exoreted, the infestabion does nod tend to perpetunte the existounceo
of the porasite,

Infection with 160, 200 and 400 layrvac produced wmederately
gevere discase but the defensive mechanisms of the unimals scemed
te eope adeqguately as, eight weels from infoetion, there wore to be
found many degenerate egps and firet-stoge larvao surreunded by a
markedly cellular recction, With doses of B00 lorvae snd upwarda,
there was o progrossive inereasce in the amount of puhuonary tiseuc
involved wntil, in the lunge of the cat fed 3,200 larves, functional
respiratory porenchyma was hoxd 4o find, The number of oggs and
Livatmstbage lorvac was considerablo and there was 1ittle discornible
abdtempt on the part of the bodily defomces to contain or remeve the
pavasites. It is considerad thatb the eat pgiven 8,200 lavvae vas
likely 4o have died as a vesuld of the infestation since it woes
dopressed, anorexiec and showed notable respiratowy distress before
puthapasin was porformed. How such heavily infected anivels would
fere ontside o laboratory is nob without interest. Certainly,

they would bo incapable of much exercise sand, in the event of
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supevimposed infection by znother agent, bacterial or viral, the
Tpreines e Woewld b grave s

In lungworm discase of the pig, Mcienzic (1058) obtained a
c¢lear covrrelation between the extent of tho pulmonary lesions and
the infecting dose of larvae, The dissemination of lesions through
all the lobes of the lungs vas effected only with doses of 1,060
larvae or wmere, and clinical disease was to bo scen in a pig given
3,000 larvaa. The disiribution of lesions in lungworm disease of
the cat differed in that neither a lohe nox a part of a lobe was
preferentially affected whatever the dose and, even in the lightest
infection, all lobes of the lungs showed indiscriminately scattered
foci. Uccasionally, ome lobe wius moxe severely involved than the
others, c¢.z. in one cat fed 800 larvae, the apical and cardiac
lobes were entirely solid bui, in another animal given a similar
nusber, the latter lobes were not any more involved than the
rvemaining parts of the lungs. A similar pattern of distribution
wag described by Jarrett and Shavp (1063) for the lesions avrising
from infection of calves by Dicltyocaunlus wviviparus.

Bypertrophy of the medial coat of the nuscular pulwonary
arteries is of common vcourrence in the cat in Britain {Seratcherd
and Wright, 1061 and Humilton, 1066b). The latter suthor showed
that the artorial condition was closely related te¢ infestation,

past or prosent, by Aclurostrongylug abstrusng, Such an

aggoeiation has been further proved by the exporiment under report.
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fu the latber, the severity of individual lesions was wot incressed
hy the dose of larvae bul the mumber of vessels affected was greatew.
Haematologically, bhaemoglobin, packed eoll volume and mean
corpusculay bacuoglobin concentration values were within noxmal range
and osuch findings ave in accord with those rocorded by Hamilton (19GGa).
However, in the ease of animals infected for sin to fourilcen wecks,
the latter aunthor alse described a lewcoperia whieh was followed by
a leucoeytosin wheveas, in the present expeviment, a louwcocytosis
was prominent at eight weoks fyom infection in ot loast eight of
the thirteen cats., The difforence con not be adequately explained.
Tho dose employed wos approximately 400 larvac a2 opposed 4o the
graded wmmbers of the above experiment but, even when the dose was
the sawe, i.e. 490 larvac, the results 84il))l confliet. The apes of
the animnls and thoe conditions of lmsbandery vere similar. Huch of
the dlfference way have rosulted fyom the solitary notuve of the
blood-sampling of cach cat but, while the dangery of thal procedure
are fully accepthed, the results in each exporiment wewe fairly
gonstant, Fosinophilic was recorded by Hamilton (1966a) and was
alao detectable in the majority of cats in the present oxperiment
although, in the latier, tho number o0f cosinophil lencocytes was not

ip

fr'ad

entively related 4o the dose of infective larvaec. If i
accophed that the erythwooyte sedimentation rate of the hlocd of
normal cats lica botween O and 5 nm./bour, it is appavent that in

every aminal, exeopt one, such values were inerossed. The degree
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of acceleration was not vommengurate with tho muber of larvac
ingested and, therefors, to the amount of tissue domape. Indeed,
the most severely i1l eat had the lowest orythrocyte sedimentation
rate although, in that particuler animal, interpretation must be
made ir the Light of the higher packed sell volmmo which may have
baen indicativo of dehydration.

In swonary, the regulds of tho shove expoeriment have shown
that, while o small deso (£1fiy) of third-stage lerwvae adwinistered
to a non-lmnsae anlonl ney cause pulmonary lesioms, the outcome ia
not propitious for the perpeluation o? tho parasite. I is
congidered thot 2t least 100 lorvee are neeossary Tor succesafal
parositlic infestnbion bub that uwp te 1,800 larvae may be carried
without great uwpset Lo the host. When wore than that mumbor hao
been iagosted by the eat the elinidcal signs tond to be mere osbvious
and serious and dosos of the order of 3,200 larwvae seem to he the
level at which severe dobility, and subseguent death, of the host

may be expeated.,



Bepeviments Two

Pavenieral Infection of the Cot by delureslzongyiug abgtrusus



Intyoduebion

Inngworn disecase of tho cab may be weproduced eithex by
the oral adminigtration of third-stage larvao extractod from
infected molluscs or by feeding the latter, themselves, For
oxpeximental purposes the former procedure is to be proferred bub
the main disadvantoge is that an infecting dose smat be given on
several occasions and over a period of days if siclmess, with
conseguent loss of larvae, is to bo aveided. Parvoenteral
aduninistration would, therefore, be advantageous. Fulmonory
infections have been produced in calves by the subcutaneous
administration of larvae of Dictvocoulus viviparus (Wade and
Swaneon, 1068), in pigs by intravenons and intratracheal injection
of Metasbrongylus mpp. (Kelley and Hrons, 1961) and in sheep by
intravenous inooculation of Dictyocanlus filuria laxvae (Michel and
Sinclair, 1863). As neither intyavenous ner intratyacheal
administration is particularly desirable in cats, it was rosolved
to attompt the reproduction of lungworm disease in thot speeics

by the subeutaneous injection of third-stage larvac of
Aelurgstrongyiug absbrusug,
Maborials and Metheds

Thirdw-gtage lavvae ef Aclhwrostronpylus abstrugus, vocovered

from infooted snails, were placed in watey to which a small amound




of anbibiobic bad beon added, EHight kitiens, tvelve do fiftcen
waoks of aga’, and weoned in the aimel house, wers used for the
parpogses of the oxpovimendt. Three of the animale {Nes. 1, 2 and 3)
roseived 600 whilo anothor thrae {Mem, 4, 5 and 8) wore given 1,000
laywas, 211 by suboutancous adwoinigtration. Yor conbrol purposes,
500 and 3,000 lorvae worae dispensed orally to tho remiining two cats,
NMoa. 7 and 8, vespectively., On five ovonsions between the tenth
and twelfth wecka after infeetion, and for cach eat, the numbor of
Pirst-gtage larvac por gramme of faeoes was counted, At the ond of
the lattoy pordod, the ¢ats wore auwtopsiod and portions of rolevand
tigonos were removed and histopatholegical praparations produced by

the mobhods described for the proviows exporiment,

Bosults

Table ¢ showsa the larval output per gramme of faeces from each
dat during the period hetween the tenth and twelfth weels after
infestation. Jarvac wore rccovered from only three of the
andmals that had been infected auboutaneously and, in general, the
mumbers wore fewer than thoue excreted by the two orally-infected
Iittons.

Ab pubopoy, tho lungs of Babjects 1 and 2 were free from
pathological change while these of No. 6 displayed o few, puncti-
Rowrn, pole white foed im oall +the lobes, Thoe hronehial and

axdliiary lyuph-nodes, the labter enly ol the side of injoction,
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Table ©

futpus of Firatestage larvoeo in the focces of eata infected
gubgubancously and orally with Acluvostronpylus abstrugsus

Sabeutaneous infection Oral infection
500 laxvae 1800 Loavae 600 Larvoe 1000 Larvae
Larvaq/gm. Larvaﬂ/gm. : Larvaa/gm.
Somple Cat No, Gat No., Gutb No.
Ko, i 2 3 4 3] 4] 1 8
) -yQ -0 360 1,080 450  -vo G20 2,400
2 e e 660 2,660 1,060 ~wvo 950 6,360
3 ~-ya ~ve 1,000 4,300 1,080 «ve 3,080 11,550

b ~ve wye 2,600 5,060 1,000 wve 6,080 18,2860
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wore slighdly enlarged in the sawe animal. Hisbopathologisally,
the lungs of Mom. 1} and 2 were normal and those of Neo. § manifested
o mild depreo of perivagseular and peribronchial lywphooytic
roaction together with a few, soattered, collular foei which were

- mainly Iymphooytic in character ond, in one section, povtions cf
adult worms were appreciated,

Grosaly, the lungs of kittons 3, 4 and § were of comparable
appearance and shoved multiple, evreamecolourad lesions which were
ogually distyitwted thronghout all the lobes and wvaried from pin-
poinb to a fow millimetres in diameter although, ovcasionally by
confluence, foel of shout two cqntimatrea in size were produced,
The bronehial Iymph-nodes and the axillary node of the side of
injection werc enlorged, pale and ho:noggneoua in character.

The twe eontrol unimals, Nos. 7 and 8, displayed pulmonary
changes which were similar in noture to thoze of the latter group
but differed insofar aw, particnlarly in No. 8, lesions were more
widesproad end severe and bad affocted large ayeas of parenchyma.
The bronchial lymphenodes in both cats were considerably enlorped
and neasured approxdmately two by two and o half centimetros.

Higtopathological examination of the lumgs of kittens 3, 4, 8,
7 and O revealed the chonges oharacteristic of infestation by
lungworma and desceribed earlior in this thesis. Driefly, the
losions congisted of epgps, larvae and, occasionally, adult worms

which wore surrounded by lywphocytes, macropbages and giantecells
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together with wavy copinophil leuwcosytes. Dronchibis and
bronchiolitis in wany areas and hypexrtrophie changes in the medie of
bronchos of thoe pulmonary pabory and of the msele af bronchioles
and alveolar dvelhs were prowinent, Perivasculer and pevibrenchianl
Iyaphoeybic veaction, somotimgs gross in natuve, waz also o comnon
Pinding., Folawgement of the bromehial ond exillary lymph-nodes was

tho wreosull, mainly, of lymphoeytic hyperplasia.

Bisgcussion

The above experiment has shown that third-stage laxvae of
Aclurostrongylug abstrusus wigrate, possibly via the lymphatios,
from the subcutoneous tissues to the Junpgs. However, the rosulis
were variable since onlj throe of the animaly showed active
paragitological infestation and, in cach of thowse cases, the number
of Pivot-stoge lorvae excroted in the facces was considerably fowverx
than that produced by o#allyuinfeaﬁea cats ﬁhich had beon given a
gimiler dose of lorvae, While it ds realised +that the output of
laywvae may not always he a trae indication of the muhor of aduld
fomales in the lungs (Wese, 1980), nevertheless, compurison of the
pulmonayry lesions sugpested that a smaller madher of adults bhoad heen
prosent in the lungs of bhe eats infected by the suboubancous route.
The lottor posaibility was not discusned by Wade and Swanson {1058)

with rogord to suboutancous infection of calves by Dictyscaulus

vivipavuy .
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411 of +the Lititons wewe of tho same apo-gyroup ond had been
waaned in the opimsl howse so thot 16 is wnlilsly that any cot had
olther an age ox an acquired Lwmnity egalnut the parvagite, In
addition, oll animols had boeen gilyon larvae frowm thoe gawe ssmple so
that the diffeorence in bthe Yindings is safoly aitwibutable to the
vowbe of cdudnistration, The use of luvger infecling mubors of
third-stage lavvae way hove produced hoettor resulds but is considered
wnlikely to have eliminatod the vardubility in infeotionwcate or in
the agverity of the pulmonary discase, which latber problens ave
deercased o o lavge extend by use of eral dosags.

In summary, while infection of eats with thirdestage laxvae
of Aeluvegtrongylua abatrnaus by the subcutoansous route i casior
aud leoas time-consuming than oral administration, it wust bo accepted
Ghok, bocause of tho inecomstancy of the vesults, the procodure has

digtinet limitations in experimental work.



Bxpaviment FThree

Re-dinfestation of the Cat with Aeluveatronayluy abstrusus
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Introfuetion

Losistenco to ve-infectlon hes heon demewvatwated in rempect

of wany paresites ineluding Hoomenclms sontertus (84011, 1020),

Niopestwensyius mwxds {Talieferro ond Sarles, 1030),

Prichostronaying mop.(Btowart end Gordon, 1053), Dietvessulug

wiviperue (Jorrett gb nl., 1957), Sironsyloides papillesng (Tuzner,
1959} and Newotodirue batibus (Themas, 1050) and i4% iz now generally
apeeptod thot antibodies nxe preduced vgaivst wetazean antipons,
Aeluroesbronsyive shatyusue is a commen feline pavasite and aduld
worms are kmown to survive in the lungs for six wonthe {(Wamilion,
19666), up bo two yoaws (Pleisdell, 10B2), Uader thase
eirvecunstances, and providing that the parasite inddees an Luwmne
roasponss, ealth may bo expoebted to be resistont to further
infeatation., Informabtion on the latber subjech, howevow, is nob
available and the objeet of the Tollewing coxporiment was o
agscortbain whother, or nod, inmwmuvity follows primary infestntion of

gots with lungworng .

Haterialo and Moathods

Soven lnittens, twelve to fouriteon weeks of age end voaned inm
the andmel house, were infected ovally with (0¢ third-siago laxvae
of Aelurosntrovrylug ohotrusus. Altor nive weeks, end foy feur to

seven months thoreaftor, the Pavees of the animals were ezamined
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for the presence of firstestage larvae and the clinieal cordition
of the animals noted. Three hundred and eighty-cight doys after
initial infesbotion, f£ive of the seven cats were givoen a further
dose of €00 larvae while the vepaining twe animals wewe lept for
conbrol purposes {Comtrol Group fme). At that perioed two other
cata, nwine months of age and woanod in the animal beouse, were given
a primary infoction with. a sinilar puwaber of thivd-gbage larvao
(Control Group Two), ALl ho cabs wore kepd fex o Further twelwe
weeks and for the lant four wecks of that bhse the Tacces were
exanmined for tho presence of fivst-sbape lervae. The nine cats wore
then autopsied ond portions of relevent btissues were yewoved ond
histopatholegical proparativns produced by bhe methoeds deseribed in
Yxporiment One.  Additional staining mothods foxr oxamination of
e pulnonary btisoues wore a oowbined Leavsom and Van Gicson

procedure and Sudan IV stain.

Repults

Pirst-stogo mﬁ‘uc were rocovered in Jarge anumboers from the
faeces of the original seven cats., IDxeretion was greatest in the
ten bo fourdecp~weelr porioed after initial infeetion Lumt layvae wore
found in one cat for sovon menths., Thercafter, and until ro
infoution, Tivetestagoe lorvao wero not isolated from the faecos.
Daring the acute phase of the disonse, elinleal signs of coughing

and increased respiratory rote wore prominent and, on cuscnldetion
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of the ehest, adventitious sounds wore appreciated,

Afbey re~infection, fivet-stage larvae wore not isolated frem
the faeces of the five we~infeets bud all cals, incleding thoese of
Condrol Group One, suffered fyom sowe degrew of resplratory
epbarrassncat, cspecisally if exervised, Tirutb.stage lavvac wore
recoverved from the faeses of the two ocaty of Control Group Two and

the somne apdmals disployed the clinical sigve of lempworm disease,

Poat-dlortem and listepatholegicnl Pindings

Y Control Group Twe

The two cats given a primerxy infootion with 800 third-stage
lervae twelve wooks provioualy showed the charaeteristic pulmenory
lesiony of lungworm diseaso which bave been described eolscwhere in

this thosis,

® Contyrol Group One

Thia group conslated of two cats in whish priwery lufestetion
had ocourred 472 duys previously, On palpation, the lungs of hoth
weve fivmer tham normal and a fow, suwell, pale foci, of approximately
pue bo two millimetrens in &laometer, were scattored throughout the
substange of some of tho lobes (ig. 14). On closer inspection,
nore numerevs, puictiform lesions were discernible. The bronechial
Iymph-nodoes were moderately cenlarged, pale and homogeucous in
APPOArHNGa ,

Histopatbological oxamination showed alterations consistent with



recovery from dnfestation, The oculgtanding chenges were o be found
in meny of the nuseulax pulsenayy avderics in which hyportvophy and,
in somo cases, bhyperplagia of the wmedial coat hod falken place. The
affocted vessels were conslderahly thickenced and bortucns (Pig. 10)
and, often, endobthelinl proliferation way present, Infiltration of
the thickened wvaseular walls by cosinophil leucoeyles, mild inbdimnl
fibronin end fraguontation and, even, dissolution of the elasti
menbranes (Fig, 18) wore conspicuonsy. Pevibronehial and, espeeinlly,
perivagenlar Iymphoeytic reaction and hypewrtrophy of the umsclo of
bronehioles and alveolar duels (Pig. 17) wexe aleo prominent findings.
Theve were o fov lavge and numorons swall, densoly cellulay foei which
eonglinted malnly of lymphowrolicnlar clements butl, coeasicnally,
coainophbil leucooytes predoninated therein apd it wan in such areas
that sections of adulb woerms wove seen. Apart from one pulmonary
hisbolegieal section of one cad, im which s fow degencrabing eggs
were found, neither eggs wey leivee were ever oncounterad.
Proliforation of the lympheeytie elemenvtn of the brorehial lymph-nodes

Iadl talion place.
¥

¢ Be-infeotod Aninals

Giroosly as well as histopathologiocelly, the lungs of oll five
animale displayed lesions (Fig. 18) whioh, exoopb for minor
varigbtionsin individual eate, were wholly wimilar to thoso deseribed

above for the animala of Condrol Group Ono,



Fig. 14 ~Lungs of & cab of Coentrol Gfouﬁ‘@ne'@?ﬁ dayse
- after bvjmary infestation. Gréﬁ"71o§ioﬁq“nro>
'minimal and consist mainly of punctirorm, pale

foci with occas:onally a larger 1e310n.f

. Tig, 15 ' Iungs of a re-infocted cat for omparison with
’ ' Eip{ 14, The gross appearanee of the two antA"

o organa are s1m11ar.
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Yig. 16 "“‘gmhomd u.m:: ,mr mou“ “bm.n I of uh(, pul.moua}:y
nrterv. : meeratatian wnd,wminien-b dzwglu‘bi (m
of the elaatic Iaminae my o nated.

Lawson and. V'o.n tx:.eson x 150

L N T
et A S

Pig, 17 Bypertvmhic cium{p in "bhe sms u].C‘ of Lh{* wa. ?1 ni? 2
bronch:.ola and alveolar duct, . A th:tckened mcular
puhmnary artcry :|.s also m wmence.,

- Iiaamatoxyhn and Eos:m x 150
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Discusgsion

The vosh of housing and maintenance of cats for the long
periods negosgary before re-infostation tend to preclude the use
of large wembers of animoals. However, the vesulis of re~infection
of a small, but sdequately controlled, group of cals was vevealing.
All five aniwals romigtod we~infection and it is doubtful if third-
stoge lavvae even reached the lungs. Since viable adult worms woro
pragent in the lungs of all the experimental cats, those to bo secen
in the lungs of the ro~infedted animals were probably survivors frem
the initiel infestation. 1t was dwmpossible to differonmtiate, on
gross oxamination or om histopathological grounds, between the lungs
of the ro-infected cats ond thoso of Contwol Group Une, i.c., the
animals thot had beon lnltially infoeted 472 daye previously.

The cats of Control Group Two, infected at the some time and
with the same wumber of thirvdestage larvae ae were tho ro-infoeted
animalg, developed the clinical signs and auntopsical appearances
of lungworm disease,

That theve is an ncquived wosistance bo Aeluwrogbronsylus
abatrugus infostation io nol albtogether swrprising since 1t ie
recogniged thab in othoer wetazoan pavasibic conditiong, insluding
lungworsm disvase of obher apecles, an immanity ie produced.

Michel (1656) foand that laubs previously infostod with Bietyvosulus
£ilavia were rasiotand to funther lufgetion and that the werms

failed to weach, or bo establish themaselves, in tho lungs. The
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fmmmui by 8o dcguired was nod the reault of age and that finding

goons bo bo egually relevant to the case of feluvestvensyiue ahobrusus
in the ent {(Hemilton, 1066B). Souleby (3065} suggested that an
immmaniby woas created by the presence of Mgolastronsgyles in pigs and
Wichel {1065) as well as Jarvedt eb al. (1087) deseribed unsueconssinl
atbompts to re~infect calves with Dictvogsulune wiviparus, The latbter
authors elso found that, even im heavy re-infection, clinical sipgns
wore mild and the discase 4id wod beeome patent. In the lotbor
reapact, there io o siwdlority hetweon the resctlons o the bovine

ani feline lungwonins.

With regord to infection by Digltycecoulus wivipesus, Michol and
Coatoes (1088} concluded 4hnt, in the absonce of ve-infection,
protection 4id net last for long. Iichel {1062) couwidorod thatb
npmnd by wos present afber den days of infestobdion bub thalt it
declined, poseibly ae o vesulld of loss of adult wovng, from 00 days
eworde .  In o leber publicedion, Michol and MeKensie {3965)
cenfivmed that resistonce to estebiishmont of a challenging infection
vas reduced after three months and ceansed to exist at lwelve months,
from imitiel dufection. Weher (1968), bewover, suggested fhat the
duration of ilmuwundly wight be as long as bwonty-Lour wonthy.

The beginuing and bhe duration of the immine peried in the cat
which has been infecied by Aclurosivongyius sbsteasug ds, as yob,
unkonown but the preseund work has shewn that, S68 days from initial

infection and despite the laeck of stinumlus from constant re-infootion,
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avi frmpronilby was preogent vhich wag sufficient fe afferd protection
against o modovatoly heavy re<infecting dose of thivd-atage larvec,
L4 is conmideved poseible that the pergistence of lmmamity wos
velated to the continmed presonee of aduld worme iv the pulmonary

tissuns of the infectad hosd.



Experinont Fonw

Pagsive Ivpunisation in Jamgworn Infeetion

of tho Cat
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Introduction

Passive irmunisation ogaingt a numboer of helminths haos been

atbeupted with varying degreo of success. Saries and Talisferre

{1938) ivomsferred vesiztanee to MNippestropsylue mmxls by the
administration of iwmane serwn, Lawler (1240) 4id iilewlse with
Stroneyioides rabtd and Obbo (31949) and Miller (1967) successfully
immanised dogs agalnst Anevicgiona canimwm. Jarredh gb pl. and
Dubin and Weber (1055) showed thot immune sevem conferved a high
depgree ef protection on calves experiwentally infocted with
Plotyoeanlys viviparus, Helley and Nayak (10655 and 1966h) found
bhat iowundty egeinat porclne ascariasils was trewsmissible via the
golostruw ag well as by adminigtvation of lunune sefum and Mulligan
eb ok, (1968) produced yesiobonce in rate agﬁinsﬁlﬂgggﬂabrongglus

bresiliensis. Passive lummnisablon of cats againsi the Iungworm,

ks S

Aclovestrengyling absbrusust, has not yeob been deseribed. The

preceding expecimont, however, demonsbtrated thab thewe is appavently
o slyvong rgﬂistanc@ to re-infection of cots by the parvesite and the
purpose of the experiwent ahout Ho be descerihed wan to diacover
wvhether, or not, wesisbance i dransfevrable 4o obthor animels by

means of inamue sorimi.

Materials and Methods

Pivoe kittens, twelve te fiftoon weeks of age, were orally
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infected with 800 third-stage larvae of jfelurostronsylus sbsirusus.
The apismels developed clinical sipng of lungworm discase, in the
course of which disoxder lawvpe wuumbers of firstestage larvae veore
excreted in the faeces., Bix months altor initial infeeitlon when

all signs of the disense had disappeared, o seccond dome of 300
infective layvae was given. Twelve weoks latex, the animals wore
billed and bled. The bleod wepn eilowed to clot and the aerum
rveweved, eentrifuped and poolsd, A btotal of 140 ml. of serum was

86 ecllected, By inbroperitoncal injeelion and over three successive
duys, four kittens {Wos. 1 » 4), twelve ~ fifteen wecks of age and
velghing un average of D26 gun., were cach glven o total of 35 ml, of
serom.  Onoe day altexr the last injection, each cal was infocted
orally with 800 thivé~-stage larvae of felurestropoylus absbrusus.

At the sawe time, two control animals (Nos. 5 and €) were given a
almllor infostabion, On four occasions helween the lonlbh and

twelfth weeks after infeeclion, the favces of all kithess were

sxawined Lfox Llhe presence of {irst-stage lavvae and, where applicable,
the momber of larvae per groume of faoces wus cownted, At the ond of
bhie exporiwental period, auntopsy was perfoimed aed seclions of wolevand
tigaunes wewve rvemeved and treated im a wenver similax to thot deoseribed

in Experiment Uno.

Hogults

Table 10 shows that laxvae woro not Yound in the Yaccos of three
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of tho lmamised ecats and only a small nuuber was recovered from the
fourth enival. The twe contrel kittens, howavey, oxereted lavge
mmbers of fivet-stage larvao and only in those eoty were the cliniecal

signs of increased reepiratory rate and of coughing nobed,

Pogt-Morten and Uisteopathologleal Pindings

a {ontrel Catls
The lungs off both animals were gdoverely alfected and showed the
chavacteriatic gross and histopathological changes of lungworm

disoase which have been carlier deseribed (Fig. 18).

b Immuniged Cats

Gross oxemination of the Iungs wovealed the presence of a few pale,
pin-peint foeci seattored throughout all the lobes while, in addition,
thene of one cat (No., 4) showed a number of lesions of up to five
willimetres io diameter (Fig. 19 and 20). The brenchial lymph-nodes
of all the animals were moderately enlarped. Histopathologically and
in each cat, tho pulmonary lesions were comparable. Swmall, cclluler
fooi, mainly lymphocytic in nstuve and sspecicully prominent around
bronchi and arteries, wore evident au was the ocoasional adult wernm
gurrounded by o eellular reaction in which eosinophil leuwcocytes
prodominated. A small number of bramches of tho pulmonsry artory
manifested medial hypertrophy and there wad some incrgesc inm thickness

of the nmuscle of ithe bronchioles and alveolar dwets. The lattor
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Fig. 20 Lungs taken from another two pessively-

immunised cats, A few lesions may be seen

in the diaphragmatic lohes of the right-

hand set of organs.
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changes were moxe obvious im the lungs of Cat No. 4 where, too,
goveral foci containing eggs and larvae were present, Such lesions
werd highly cellulax and consisted of a mixture of macropbages, giant-
cells, lymphooytes and eosinophil leucocytes but, despite these

findings, the associated infection was of a wild nature.

Discussion

The blood volume of the eat varies hetween 64 and 69 ml. per
kilogram of body woight (Schalm, 1063) and, on that besis, the
experimental kittons received an amount of inpmne seruwn which was
approximately eguivalent to the total content of blood serum. It
was conaidered that, if antibody was present in the donated serum,
the doso given would effectively produce resistance to infection
by Aelurostrongylus abatrusua, The results were not dizappointing
gince, of four immunised cats, ithree wera protected to high degree
and the fourth only to a slightly lesser extent, The two oonirol
animals, which hod received the same number of third-stage larvae,
possessed pulmonary lesions which were widespread and severe,

The prosence of adult worms in the lungs of the inmunised cats
indicated that third-sbage larvao had resched the latter orgon and,
in one ease, the parasites had matured sufficiently to produce eggs
and to causo first-stuge larvae to he excreted in the faeces. In
Dictyoeoulus viviparus infection, Jarrett et al.(1955) found that,

of seven passively immmised ealves, the lungs of three were freg



of parasites while the total number of worms recovered from the
othor four animals was approximately 5,00 of that romoved from five
non—_»inmmniaed valvea. However, because of the diti’iculty of
isolating adult lungworms from infected cats, it is impossible to
decide either that thizd-stage larvae had beem prevented from
reaching the lungs in normal nunbors or that larval development had
been interfered with or, cven, that ocogenesis on the part of adult
worms bad been inhibited, Toliaferra and Sarles (1939), discussing
collular reactions against Nippostrongylus muris, concluded that
the primary antiparasitic agent wes humoral antibody and that the
cellulaxy vosponse occurred after imuobilisation of the parasite.
The noture of pulmonary lesions in the animals of the present
experiment seem to support that theory,

Whatever the mechanism involved, it was satisfactorily
domonstrated that imwune serum, whether, or not, it owed iis
protective effect to the presence of gpecific antienzymes as
saggested by Chandlex (1085) or the existence of antiboedics agninst

somatic antigen, conferred adequate protection against a puthogenie

dose of third-stage larvae of Aelurostrongylus abatrusus.



Ixporinent I'ive

The Production of Immnity against Lungworm Disease by Repeated

Adwinistration of Non~Pathogenic Numbers of Third-Stage Lurvae of

Aelurostrongylus abstrusus



Introduaetion

Inmonisation against paragitic disease hag been offected by
various wmeans. It has beon schioved by the wso of secretions and
netubolites of larvae (Thorson, 19053), by infection of animals
with elosoly reluted strains of parasites (Parfitt and Sinelair,
1967), by administration of artificially abtenunted lavvae {Jarvett
oh ale., 1968) and by the injection of standard doses of normal
infeotive larvae., The latbor methed is easiest and has beem
eumployed against a variety of parasites with success e.g., with
Dietyvecanlus viviporus {(Jarrett et pl., 1059 and Weber and iucker,
1459}, with Newatodirus Spp. (Kotes and Tarney, 1053 and Gibson and
Bverett, 1063), with Haoemonchus placei (Hoberis.and Keith, 1959),

with Haewonchus contortus (Roberts, 1987), with Qg

radiatun (Boberts et al., 1962) and with Strongylus vulgaris
(Bniglk, 1981)., The jumunising laxvae may he given on one
occasion or as nuléiple small doses.,

Barlior work has established that cats, yréviausly’infected
with Aelurostrongylus abatrugna, are vesisgtant to further
infeptation and that imsunity way be passively travsferred. Thus,
it was considered that a wethod of wvaccination which would proteed
susceptible animals was capable of development and the following
report details the rosults of an atitempt to produce inzmnity

sgaingt the feline lungworm by means of rvepeated, oral



aduinisntration of unattenuated, third-stage larvae,

Maborials and Metheods

Un three occasions amd at monthly intervals, ten Lkittens, ton
to rifteen woeks of uge, wvereo given orally fifty thirdestage larvae
of Aelurostrongylus abstrusue. Faeoces were oxumined for the
presencae of first-stage larvae. One month after the final dose,
two eats wero autopsied (Control Group One}, two kept for control
purposes {Control Group Two) and six were challenged with 800
thirvd-stoage larvae. Two normal cats were infected with a similar
number of parasites and retained as controls (Control Group Three).
Nine to ten weeks later, firstwstage lorvae were excreted by one of
the challenged animals and by both cats of Conirol Group Three.
Thereafter, faecanl larval counts were recorded on fifteen occasions
over o period of four weeks., At the end of that time, the animals
were killed and, at autopsy, representative portions of rolevant
organs vere romoved, processed and stained by the methods
proviously described (Experiment One) with the sole addition of a

Prussian~hluo method reguired for the demonstration of haemosiderin,

Results

Until the time of challenge, firstwstuge larvae woere not

regovered from the facces of any of the c¢ats that had been doszed



Table 11

The Mumber of irat-dtape Loxvae per Groamme of Foeoces EBxcereted
by DLamunised and Control Cats between the 10th and l4th Week
after Challenge

Immunised Cats Control Cots

Sanple 1 2 38 4 6 6 2 2
1 - e e e 608 806
2 200 w = e e - 2,500 4, 4650
3 - e e e m e 3,000 5,800
4 WY = = - - - 2,600 3,00
6 190 e - e e - 3,600 7,300
6 200 » « . - - 2,600 8,000
(] 400 w - . - - 2,400 10,400
8 WO - - . - - 4,000 15,000
8 B0 o o e - 3,200 13,000
10 100 = v - e w 4,000 10,200
11 U0 e e = 8,000 20,300
18 200 w e e = - 4,600 18,000
13 G0 -~ - e e - 34,000 19,000
1% 0D - - . 10,800 20,000

16 00 w e w - 8,600 30,200
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with £ifty third-sbage larvae om three occasions, One of the six
challenged cata and both animals of Control Group Thrse excreted
larvae (Table 11) end coughing and some degren of respiratory distress

wag noted in the animnls of the latter group.

Poyi-tlortem and Histopathological Pindings

@ Contrel Group One

The lungs of both animals wewe pink and spongy but displayed a
suall number of pale white losions ~ several wmiliimotres in diameter -
in all lobes of the lungs. A ratsed focus of approximately one
contimetre in diameter was present in a diaphragmatic lobe. The
bronehial lymphenodes were moderately enlarged, homogencously pale in
appoarance ond of firm consistency. Higtopathologically, densely
ecliular foci which contained depunerating eggs, macrophages,
lyuphocytes and eosinophil leuwcocytes together with some giant-cells
were ohseyrved, - Cceasional degenerated nematodes, heavily invested
by lymphocyfes and macrophages, werc recognised but whether, oy not,
the former structures wore ramnants of adult worws from the first,
or larvae from subseguent, infection was unable to be ascortained.
Around such parasites bthe presence of intraccllular haemosiderin
plewent was noted. JTocalised aveas of bronchitis and bronchiolitis
were appreciated but viablo adult nematodes were not demonstrable.,

Peribronchial, but partieularly perivascular, lynpho-~reticular

proliferation was prominent and, especially in affected areas,
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hypertrophic ehanges which were somztimes of an advanced nature
affected the media of o number of branches of the pulmonary artery.
A similar condition was apparent in tho muscular walls of the
alvoelar ducts and hronchioles., An inercase in the lymphocytic
elements of tho brenchial lymph nedes had eccurred. Tespite those

alterations, the pulmonary discage was considered 1o bo wmild.

b Control Group Two

The two cals had received the same treanitment as the animals
of the previous groop but had been clloved to live for a further
fouvrboen weeks. At autopsy, lesiens congigted of o swell namber of
non-elovated, pale~vhite foci of ome fo several millimetres in size
vhick were quite superficial in pesition. The bronchial lymph ncdes
wore onlarged., Iistopatbelegically, the mein alteration van
hypertrophy of the media of a ramber of wuscular pulmonary artories
and of the walls of alveolar ducts and bronechicles, Compared with
That found in the lungs of the animals of Coutrol Group One, pori-
vaseular and poribronehial lyupho-reticular reaction was loss intense
and, since neither eges nor larvae were prosand, celiunlay
infiliration of tho pulmonavy tinsues was greatly yedueed,  Adaldb

worns were demenatrsted with great difficulty.

¢ Control Group Three
The two eats that had been infected with 800G third-stage larvae

excreted large numbers of firste-stage forms, (Table 11)., Lesions
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cheracheristic of severe lungworm discase were noted ab post-mortem

and histopathologioal examinations.

a Challengod Gréup

At aubopsy, the lungs of three of tho cats were pink and spongy
and showed a2 small number of foel which wore a fow millimetres in
diameter, pale ercam in colouwr and fairly firm in congistency
{Fig. 21). Lepiony in the lungs of the remainfythree animals wore
giwilar to the above emecopt that they were more mumerous and had
fused in a number of aveasm, bo profuce fooi of vp o a contimetre in
Aiometer (Fig, 28). The bronehial lymph-nsdes of all cats were
noderately enlerged and measaved in the region of one centimetre in
longth by half o centimetre in breadth, The histopatholegical
appecvance of the puluwonaxy chunges was comparable in all six cares.
There were occasional small groups of degenevoting epggs, sometines
laxrvae, which were confined by denso accumulatiocns of maerophages
and lyuphoeyies together with a fev giant-cells and cosinophil
loucocytes (Fig. 23). lHyperirophic chauges in {the medial eoat of
museular palwonary arteries associated, in some instances, by
gwelling and proliferation of the ondotheliuw and infiltration of the
intive by cesinophil leucoeytes were more prominent in, but not
oxclusive to, the meat affected regions of pulmonary tissue, On the
gthor hand, hypertrophic change in the muscle of tho walls of

bronchioles and alveolar ducts was more widespreod. Peribronchial
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and perivascular lympho-~rotisular veaction was morked and, ofteny the
lattexr consistod of follicular-lilte masses which exerted presswe on
bleod vesaels (Fig. 24). Poribronchial lesions were most notzhle if
asgociated wivth the prescnce of degenevating gbages of the perasite
(Pige 85). Small owsbevs of aduld worms, a lavge propowtion of which
were uadergoing noercsis were found in pulvonary aéctions from all of
the cabts. The bronehinl lymph-modes showed proliferation of tho
Lymphoeytic clements with some slight cosinopbil lencoeytic

infilirvation of the hilar vegion,

Pigscusaion

The adaeiaistration of live, ivfoctive larvas in snall nwabers
and on peveral cecasions is the weat convenlent wmethod of lmsmnising
animals apainst pavasibic discsco and such a method haw heen found
0 he reasonably guccussful in the case of tho lungworm, Dictypeaniug
vavipneag (Javrvebt gt al., 1960 and Weber and Lucker, 1989). Howewer,
the procedure ig nob without disadvantuge. The muber of larvao
given must e sulficlont bo stimulate the preduetien of imsunity but
not bo cause disense and, as animals may vary in health, nwbritional
gtabua and responaoe o infectious agents, it may be difficald to
rooowmend a safe, standard dose. IHwvon if clinical discase decs
nob resuld, swch a wothod may lead to the disseminntion of first-

sbnge loxvae ond, in the case of Aclurestrongyiug abstrusus, cause
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the lungs of on enimal te ha porasitised for o considerable period
of bine.

In an earlioxr experiment (Part Twe, Exporiment One), it had
been discovered that infection with fifty third-stage larvae had
failed eithor {o produce significant puimonary disease ox result in
the oxcerstion of firatlestage larvae. Thus, a decision was made to
uge such a number on several occcasiens., Awntopsical exawmination of
the eats of Control Groups One and Twe confirmed that a relatively
nild pulmongry dissase had been produced and it hed been observed
that neither c¢linical upset nor oxecretion of first-stage larvae had
aepsued, Negenerating garaaitea woere appreciated in pulmonary
sections of onimals of Gontrol Group Unme whereas, possibly besaunse
of fewndgs of numbers, adult worms were nob demonstrable., The
lattor were secn occasionally in similar preparations from the cats
of Contrel Group Two., In view of thesec findings, it was considered
prabable that odult pavanites avisimg as o reuuld of the first
infection bod suwrvived while larvae of subsequent infestations had
gither been imbibited in their development or destroyed by the
impune reactions of the immwnised andwals. Thus, swck o sethod of
vaceination may induco a light porasidisation of the lungs bat, as
bhe pevsistonce of imwwmity mey be velated to the presence of adult
worms (Parker and Yoberts, 19B8), such o state may be of advantage
o the houwt. Hewever, in lungworm diseage in ealves Hichel (1988)

suggosted that inhibited forms subseguently matured and goused



intexmittent exeretion of larvae by the host. Hueh an ovent wa9
sonnidovaed, by thot avthor, to constitnbte a possible hawmard to other
grozing saimals. Should a sinilsr incident scour in a cat,
provisusly infeeted with smaell maubsrs of lungworms, insigunificant
haxm would acoruwe btou the hwst and, because of the complicated lifoe-
eycle of the pavasite, there weuld be minimul dangexr te other woembers
of the species.

The pulmenary lesions of the challenged aniwals were maianly of
the noture of an imwune response. Thore was little evidence of the
propence of parasitic forms with the exception of swall groups of
dagenorating egps, verely larvae, and around such structures as well as
axound blosd~vessels there was an intense lympho-reticular roactionm.,
A similar proliferation in the region of bronchi was scem netably in
apgociation with degencrating stages of the parasite, 14 is possible
that sueh widespread and excessive eellular sccumulation wag
concerned in the prodoction of antihody although that, as suggested by
Jarrett and Shorp (1068), may bave been produced against swmatic
entigens and of little protestive value, Apother possible site of
antibody formation was the brouchial lymph-nodes ixn which considerable
lymphncytic proliferation was constantly recognised. The pulmonary
Yympho~reticular nodules, desoribed by Jarrett and Shoarp (1063) to
ogour im catble infected with lungworm, were not a foature of the
foline cowndition, Despiite bthe heavy challeuging dose, few adult

worms weve demonstrable im histopathological preparations, which
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finding was presuwmably the result of the residtant state of the
animals .

It is concluded, thorefore, that immunisation of cats with
small, repeatod administrations of live, third-stage larvace of
Aelurostronsylus ohstrusus elicits the production of own lwmwmity
which is strong enough to provent subseguent infection hy the
latitor parasite.

However, the animuls of Control Groups One and Two as well as
those of the Challenged Group displayed pathological alteration o
branches of the pulwonary artory and the importance of that change
reguives to bo assesged, None of the cats had shown evideneo of
respirvatory distress or of cardio-vascular deficiency, even when
exercised whoereas the memberxs of CGontrol Group Three, when
gipilarly treated, coughed and became dyspnoeic. 1t may be
suggested, therefore, that the arterial lesions of the imwmised
cats wore of little dumedinte significance., Although it is known
that such an arteriopathy may persist for an long as two years,
the evidenco augpests that, in young cats, the severity of the
change does not imercase and, indeed, may lessen (Part Two,
Bxporiment S8ix). Provious results (Part Two, Hsperiment One)
have also intimated that the extent of arterial involvement is
dependent upon the number of infecting larvae, (ther
investigotors of a similar condition in the sawme species

{McKengie, 1960; Dabme, 1960; Scratcherd and Wright, 1961 and
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Pashjian, 1965) did pot describe any associated debility although
Stunmi ef 21.(1966), by disgecting and weighing the echumbers,
eatablished that hyperitroply of the right side of the heart
frequently developed. As the latter authors were dealing with
autopsieal moterial, elinical corxrelation wes not pessible, Thore
ig, wnfoxrtupntaly, a complete absence of information en the effects
of the vesceulay almovmality om pulmonary and systemic blood
pressuves but, on tho basis of clinical observation and pathological
gtudies of the average oase, it may be suggested that tho
artoriopathy produces little disturbance in on affected animal.
Pousible exceptions to that stntoment ave ecats, infected with 1,500
o moro, thirdestage laxrvae, in vhioh widespread ond severe damnage
40 the pulnonary tissues and vasculature has resulted, However,
puch lovols of infection are beyond any contemplated imsmnising
dose.

Although tho pathologisal iwportance of tho ertorial change in
vaccinated animals appears to be little, it is desivable to reduce,
if possible, the extent and severity of the vasculor dawage. That
may be achieved Ly the use of a nunber of larvae, similay 4o that
recorded in the.present experiment, on more numerous oceasions orx,
alvernatively, by employwment of & swaller total ameount over soveral
doses, Cormwell (1902) found ihat pavenmteral injection of fourth-
stage larvae of Dlctyscaunluy viviparus produced immunity in calved

and & similay method, if applied to felurostronsylus absirugus, may
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bo of value., The latter ig likely to be voduced, however, since
it bas beon cgtablished that subontancous infection of cats by
the parasite iz not a wholly reliable methed {Part Two, Buporimend
Two)., The use of irradiated larvae has proved to be a successful
means ef vaccination aguinst lungworm infection ef cattle (Jarrott
eh al., 1960; Jones eb al., 1061 end Armonr and Urvoqubard, 19656).
The impmmogenic larval atages of Dictyocaulus viviporas aye
probably the third and fourth (Jarvett and Sherp, 1063} and personal
obscrvations suggest that suceh is the case with Aclurestrongylus
abgtyusus,  Lrradiated larvae of tho bovine pavasite reach the
lungs and although the wmajority has disappeored by the end of two
waeks, stunted survivers may persist for a longer period (Urquhert
eb al,1062). The findinge of the subscguent experiment {@xperiment
Six) show that, after nine deys of infection hy the foline lungworm
anpd 2t a time whon fourth-sdtage lavrvae aro present, pulnonary
arterinl chonge ia evident. I, as appears likely, irradiated
lavvee of Agluvestrongylus ahatrugus atbained the langs then,
presumably, the chonces of arterial domage are xeal and,
acoordingly, vaceination by the above method might show swmall
advantage over that perfovmed by the egency of live lavvae.
Contirmation of that hypothesis must awalt the onteome of further
experinoent.

In smamary, it mey be stated that vepoated adwindgtration of

omall numbers of infeebive, third-stage larvae of Aelurostronsylug
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ahgtragus conferred a high degree of immmity to furthor infection,
by the sape perssite, on exporimental cots, Howevor, wild
pulinonary lesions were prodoced bt neither clinical disturbance
ner exerotion of first-stage larvee supervened. I+ is econeluded,
therefore, that aetive ivemmisation offers an affectivo moethod of
control of foline pncumonia induced by infestation with the ghove

pavasite.



Bxporimont Six

The Influence of Infestation by Aelurestvonzylus phatrusus

on the Palmonary Vasculature of the Cat



102

Intreduction

Bypertrophy, and in some cases hyperplasia, of the medial
cont of the pulmonary aviteries of the cob has been deoseribed by
Campbell {1037) in the cuse of animals suffering Pvom oxygen
deficiency and of euts injeeted intravenously with the dye, Janus
groen {Btdingor, 1982). Rubarth (1940), Marcato {1940), Olcott
ot al. (2946}, Mertin {(1959), Dahue (1960), Seratcherd and Wright
(1961) and Tashjian et al. (1065) recorded the finding of an.idiopathic.
forn of modial hypevixophy and hyperplasie, intinel fibrosis and
dogeneration of the clastie leminse of pulmonary vessels in the
pome specios ond Noumann et al.(19042) and Bell ot 1.(1086)
abtributed sinilay changes to the injection of insulin and metrazol
and the excitation of cerebral prossor mechanisms, rospectively.
Pritebott (1038), Dlainsdell (1052}, McEenmie {1060), Jubb and
Kemnody (1963), Hamilton (1963 ond 1066a) end Stunzi et al. (1966)
remaried on the associution of infestation by tho lungwora,

Aelurostvensylus abstrusus, with the puluonarvy avteviopathy.

Initially the attention of the author had Leen drawn bo the abeve
parasite because of ils appavent effoet on the pulwonary
vageulature but, becsuse of the lack of information and {he
oounflicting nature of some of that already sweilable, it was
gounsideved necessary to luvestigobe various aspeets of the

parasito and ivs lifo-cyele, which task has been accomplished and
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deseribed in the preceding pages. Despile the varieby of
gxperiments, the effect of lungwerms on the pulmenery vessels of
the cat has cousbitubed o 1ink bo mnany of those procedures and the
folloving discussion is hasod on infeymalion gleaned fxem the

{foregoing experimonts as woll as from additional investipotions,

Madborials and Methods

Use was wade of deventy-four lkittens which had bheen infected
with lungworms in the course of expoximental work, In addition,
twenty-threce hittens were killed and exowined at porieds varying
between one and forty-eight hours after inféction, ten were autopsiod
hetween three and fourtoen days, five between three and seven weeks
and a further ten animals wero retained for periods runging from
six to twenty-four months., In general, kittens killed up to
fourteen days ofter infection had recwvived 100 - 30&, and the
rempinder vere dosed with 800, third-stage larvae. A total number
of 122 experimentally, and twenty-five spontaneousaly, infected caty
was exanined and the pulmonary lesions were couwpared with those of
seventy~two animals of varying agos that had been found te suffex
fxom puluonary arterial disorder witheut appavent evidence of
hwgworm discase. All avimals woro subjocted to post-mortem

oxemination and portions of rolovant tissues, couprising lungs,
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pagtro-intoastinal traet, brain, myocardiunwm and kidnays wore fixed in
10.6% formol-saline or 10,04 covrosive~formel, emhedded in poraffine
wax, seedloned at B miorons and stained by haemntoxylin and cosin,
In addition, a combined lawson and Van Gieson as well asg Suden IV

stoina were applied to solected parts of the lungs,

Results

Neither gross nor miercscopical pulmonaxy changes wore notod
one, two, six and sixteen hours after infeetion, By twenty-four
houxrs, a mild peribronchinl, and particularly perivasculor,
lymphooytic reaction had developed and the presence of o few swuall
fooi of mainly lymphocytic character were obmerved. 4t forty-ecight
hours, appearances were similar except for the prominence of a
number of lesions, displaying central necrosis and consisting of
lymphocytes, umacrophages and a few cosinophil lencooytes., At three,
fivo and geven days, the only further difference wag the occurrence
of an occasional larva at the centre of socme cellular foci (Fig. 26)
but, during that time, tho pulwmonary vessels had not undorgone any
pathological change apart from some congestion. Nine days after
infection, the cellulax reaction was still wainly mononuclear in
nature but there was also evidence of thickening ef the nedia of
gome wusoulay pulmonary arteries and of emigrotion from those

vessels of eocsinophil leucoeytes (Mig. 27). Two days luter, the



Pig. 26

'Th11d~9t§ée’]a¥vac ef Aeluroutronqylua A“i'.;;
Agugﬁgggggg§‘1n the 1un¢s of a cat three d;ﬁﬁ *i?
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A 91m11ar state exlatq in the medla of a';;
muscular pulmonary artery alon& w1th emlgratién |
of eos1noph11 leucocytPS through the vascular '

walla'
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hypertrophic change woas mere advanced and bad come o invoelve the
mugclo of the walls of the bwouchioles snd of the alveolar ducts.
The lungs of animals killed between the thivteonth ond dwoenty-Tirst
duys showad few other features although the degree of porivasculer
aud pevibronchial reaction had increased and, oceasionally, gome
bronchiolitis wen appavent, Up to that time, boo, gross changes
hod connipted of multiple, pumctiform, pale arcas socatbtoxed
throughout the subatance of boih lungs.

Signs of sexual waturity on the part of the paragite were to be
appreciated micrvescopically by the twenty-eighth day when a swwell
number of ogpe, surrounded by lywmphosytes, mecvephages, eosinophil
lcacoeytes and gomwe gioni-gells, wore noted (Fig. 28).,  Incrcased
thickness of the media of o number of branches of the pulmonary
artery was associated with the possoge of cosinophil levcecytes
throupgh the vascular walls and poribronchinl and pervivaseunlar
Iympheecybic accuwrmlotion was more conspicuons, Grosaly, wulbiple,
pale foei of wp to one millimetre in.ﬂimmaﬁer were obaervable tmti,
as the discase prngrumsgé, enlargement and coalescomce of those
lopions gave rise o considersble pulmonary copselidation. At six
to eighteon weeks, depending or the infecting dose of larvao, the
palmonary lesions were most mevked and all tho lobes showed lovge
arens of cellinlar infiltwation that wore located arcund develeping

egea ond larvne and ofton showed cembral necresis,  Tho main types
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of ¢ell consisted of ecesinophil lewcoeybes, lymphocytes, macrepheges
and numerons glantwcells. Thore were meny avcas of epitheliale
igation wnd, away from the wmain feci of aetivity, there woa
conaiderable coelluley inliltvetion into the intersiitial fissuves
und. alvenll while arvound the bronehi and bronehioles theve wos
warked accumulavien of lymphoeyies. Iu the mest afifeected parts,
nlsevation of the nmuceosa of bronchi and bronchisnles together with
hyporplagia of the peribronchial glands were prominent. Dronehitis
and hronchiolitis were casociated with the presenee within lwnina of
ova, larvee, ecsinophbil leucocytes and desguamated epithelial cells
ond adult worms were bo be saen in alveoll, alveolar dvets and
wronchiocles. Vesiculsr onphysoma was algoe conspicuous. Migration
of Iyuphocybes ond of eosinophil leueoeytos into, and aveund, the
exberial walls was mavked aund, in some veszels, there was swelling
aud preliferation of tho endothelium, Hypertwophy and hyperplasia
of Hhe nuacle of the medis of somo pulmonary avtories caused o
thiockening of tlwee bo twelve times dthat of norwnlity and although
lesions of the vaseulatuve wore widespread, particularly in tho more
heavily ianfected capes, normal arteries were alvays identifiable.
Soeasionally, serial gsections revealed the presonce of local
occlusion of a vesgel but, as a rule, on affected bhraneh wag
entively altered, Biretohing, followed by fragmentatlon or oven

dispolution, of the elastic laminae aceompanied tho increaswe in




mugeular content of the arboricl walls. Simple hypertroply of the
musele of alveolar duels and of bronehiclay walls wae conmonly
prominont (Fig. 28).

Degression of pavesitic lesioms occcurved {welve o twenty
weels alter initiel infection when the nmmbey of lorvae was vedoced
and ofben, then, groups of ovu heavily investod by cells were the
only form of the parssiie present. Ir the majoridy of animals, at
the end of six to nine wmowiths, ogps, larvae and mogt of bhe
asgoclated cellular reaction bad disappeared and only & fow adult
worms yemained.  However, sorial sections of lungs often revealed
the presence of clusters of eggs, and rarely of lavvae, which weve
in the process of phagoecybonis by wecrophages and glant-cells.

The exiztence of these focit of reaotion explained some of the
lesions charvacteriatic of the late postepatent stage of lungwoimn
disense.

During resolution, =nd thereaftor, thy severity of the
arteriopathy remained congtant bud, possibly because of the removal
of thoe pavasites and the accompanying cellular weaction, the changes
bocamo more obvious. MHranches of the pulmonary avtery were grossly
thickened, bad bosome guive btortuouns and displayed abnormalities of
the elastie laminae {Figs. 18 and 29). Vacuolation of hypertvophied
wusele cells ocourred and, in many areas, swelling wend preliferation

off the endotheliuwn, often infiltrated with numereusy cosinophll
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leuvcoeybes, were comuon and the presence of zlight intiwal 2ibrosis
was nobed, Mavked hyperbrophy of the swooth musele of the walla
of bronchioles ond of the alveolar ducts persisted, Poribronehial
and perivasculay lymphocytic reaction {(Fig. 50) waes common and, in
places, {there was an increased cellularity of the alveolar sepla.
Sizteen, elghteen aend twenty-four months after infeetion, gross
pulnenary lesions consisted of e pumber of pale fooi, one Lo three
wmillimetresn in diameter, scatbored througbouds the lebesn. listo-
pathologically, the outstanding abmovmelity lay im branches of the
pulmonary artery where the changes were similar to those already
deseribed fox the carlior stoges of the digease, Tewer vessels,
hewever, seemed o be Invelved and some manifested a reduction in
the smount of Lypertrophied medial wusele (Pig. 31). Few arteries
displayed intimal chonges, including the sosinophil lewvcocylice
infilbration, conspieuoun in ecarly lesions and {there was mueh less
hypoxtrophied wuscle 0 be scen in the walls of the bronehioles and
alveolax ducts. In geneval, there was little porivascular and
pewvibyonchial reaction bub, cccasiocnally adjacenlt to some of the
laxrger hronehi, o large follicular Iymphetic structure wes apparent,
Cellulazity and thickeniug of the plveolar sopin had decreasod but
sometines a collection of eells, oither of puwrely Iymphocytic nature
v eonsisting of o mixbure of those celly and cosimophil leuncocytes
was to be approeiatod in the pulwonsry parenchyms aleong with, in a

few instences, portions of adult worms.



Pig. 28 Tweuty——eighﬁ days a:i;‘tér infesﬁét_ion-. .. “Pr‘eéagnt
is :a. group 'of.&cveloping epos iﬁi’iiﬁdﬁgdi‘, byi
Iymphocytes, n;hcroxﬂmgeg, eoSir;bﬁi;i;. leucocytes
and a few glant-cells, |

 Haematoxylin and Eosin x 150

Fig. 20 Dranches oi the pulwonary artery shdw‘ingimarked
medial hypertrophy twenty weeks after’ iﬁfaétion.

Picro-Mallory. x 76
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Fig. 80 Small hypertrophied mugenlar pulmﬁnary
arbory with an associated lymphocytic
voaetion,

Hacmatoxylin and Edéin- % 150

Fig, 31 Tortuous mscular pulmonary artery in which- |
reduction in the amount:, of‘hypgrtrophiqd
medial ymscle has apparcantly baken place.

Haematoxylih‘éﬁd E@siﬁf x 150
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Bigoussion

Falwonary arteriopathy is a common finding in ents and an
incidence of 3,00 of 150, 36.0% of 111, 08.8% of 122, 83.0% of 150

and 34.7) of 206 cats has been reported by Oleott et nl. (1946),

Seratehord and Wright (1961), Tashjian eh al. (1968), Stunzi ot al,

{1966) and Hewilton (1906b), rospectively. Other authors have
rvoported » similar condition in smallcer numbers of animals

(Marcato, 1840} as well as in a fow cats (MeKewzio, 1960). The
aebiology of the gondition has long been obgcure and has boon
thought to be associnbed with ageing (Kubarth, 1940 and Marcato, 3940).
Mellenzie (1060) und Hamilton (1063 and 19G6b) however, showed that
the didcase occurred in kittems, Newsann ¢t al. (1942) ond XHell

ot al. (1956) reported the existence of pulmonary artorial changes
in cats in which svinnlation of the cerebral centres had heen
offected by various means, including the uwse of the drug, wetrazol.
Hawmilton (19060) was unable to achiove a similar result in any of
twelve cats injected with the latter substaence and eonsilerad that
through use of unselectod groups of cats, the former suthors had
wawibtingly cuployed animals already suffering from arterial changes.
Seratoherd and Wright {1061) postulated thdt intestinal parasites en
route fo the lungs were cunsatively involved and bhosed their claim
on the work of Horrison (1948), of Muirhead and Montgomery (1951)
and of Darnord (19563 and 1967). Those workers had shown that

arteriosclorotic changes may be produced in the lungs of rabhits
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a8 a resuld of the injoctien of fragments of blood cloty oy of
babhles of axygen, nitrogesn or aiv. Uewevally spoaking, the resultand
alterations cousiated of pexiially orgonised adhevent threxbi in
the largsr avierics while, in smelizr avteries and avboricles,
voayying degrees of Jibro~olashic E:awarplmﬁa of the intimn was
rocognisable togother with cndoethelial preliforation sed cccesional
Librosis of the wedial cont. The pulwonary lesiowns of the cat
aro difficult to explain on bthe basis of thronbaewnbolism since the
ovltstanding change is malnly medial in digdtrilution, is ascemponied
by ldess marked iwnbimal abuormnlity and the presence of pulwonary
enbold is unregorded.  Ferthormovo, Hoerewa (1908) domomstbrated
thot the lesions produced in rabbits by the inoculation of alx ov
oxygen rogressed shortly after injections eensed,

I, seems unlilicly that the dependent position of dhe lungs of
cabs alone lcads to ayrierisl changes as was supgested Ly Olcodtd
&b ale (18467, Washjion gp al. (1065) opimed that bthe vasenlar
altovaviens wexe part of an active procoss of infectloun or towie
erigin but dlscounted any relationship with infestation by
Aaelavestyonaylug abslrosus, aenile change or hypertensive palmerary
Qigoese. The Iabiter factor was diswiosed as an asctiological
potential hy Temilton (1968h) who failed to find any evidence of
hypertensive disecase in other ovgens of cats sufforing from

puincnury arterial changes anpd peinded out that the probeble

(i)
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oxplaswdion for that finding lay in the fooal distribution of the
avtorial lesions, ‘fashjian gt al. (1965) ave on less fivm ground,
however, when they hypothesise that lungworm infostation is without
impoviance. Gounsistont changes in the avbories in spontancous
cases of lungworm disense hag been noted by vavieus obsorvers
including Pritohett (1988), Mollenmie (1060), Jubb and Kennedy {196¢3),
Homildon (1063 and 1966b) and Stunzi b al. (1966) and in senc
ingtanoes of exporimenwially~induced diseuse (Bluisdell, 1962).
Hamiloon {1966Ga), in a siudy of the potliogenesis of feiine lungworm
diseane, rvecorded a progrusive iuncroase in the geverily of the
avterial lesiops over o poriod ranglup from two weels 1o six wmowbis
after infection by the pavosite. Turthormore, such peaihologleal
chonges wore e#aa-bly' similay to bthose fowndd iun apoutanecus aviterial
discase in vhe lungs of cats. The present investigabion has
gorved to comnfiyvm suach {indings sud bas yioldod additionnl
infommtion. Alterations in -the medis of pulmenacy axtories and
in the smooth wuscle off the walls of alveoluy ducets as woll an of
the bronchiolen wexe noted uine to oluven deys after infection, ab
which time only swmall nambers of foarthw-stoge larvee wexe prosentd
in the lungs and the associated pathological chmnges wore guite
slighl, As tho parasite watuwved, produced its egps apd larvao
thue to induce o mogsive cellulay roaction, se did the soverity of

the erteviel lesions inewease b, when the pulmonary pavenchymal
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changos yegressed, the hyperdrophic and hypovplastic stato of the
veasols persisted. From fouxtecn mondhs onwards, Lhepre was a
dhminndion in the amonai of hyperirvophic smuscleo detectablde in the
walls of the alveolar ducts swd of the bromnehiocles and, although
fowar anberies appeosred to be affected and a retuvw tv a aore norumal
gtate on the pavrd of olthors soemed to ave secuvred, atb twe yoars
after initicl infesiation the avboriopathy was still a prominent
histepatheological feature., Cerbainly, the soverity of tho
ceodiblon bad not inoreased in the later stage of the diseasse now
was thore awy greaber duveleopmend of intimal {ibrosls or any ousod
of Llongitudivel musele produaction, both of wiich latber foaiures
bad been weperded bo he present IR o muber ol sasos of the
spoutancons dlgease {(Hmailten, 1966b). That discrepansy, hewsver,
way be related to the fach that, in bhe latber woeport, the sunimels
in which nueh lesions wore pfuannﬁ weke cousiderably older thon
thoso of the curvend soxies, Ubher chonges obill apparent twoenbye-
fonr mondhs after infoestation cousisted of some dopree of poriw
vesculay and peri-byenchial lymphocyéic wesctiony an ceccasionnl
focus of cellis in the guluonory pavenchiyma and sowme ilufiliration of
the inddne of hyporirophied vossels by cosinophil leowcocytes, all
of whioh findings bhove been found o occuy in spontauesus cyierial
disonge, Uf significance was the experience that the progence of

asdudit Forms of Aeluvesitvovgyins abgtbrugus was seldon detoctable
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gave by examination of sorial sections of affeeted orgens., If that
tochnigue was applied to lunge of cols sufforing from so~cplled
spontanesus exberial disease, aduld woxms weeld probably bo

dewons trable in an appreciable perconitage of cases., Not withoub
inbexrent, boo, is the fact that, of the 147 cases of sponbancous
snd experimontally-induced lungvorm disease surveyed, with the
oxeepbion of the twoenmby-tive.animals killed before the ninth day
after infoction all ehowed abuormality of the mseuler pulnonary
axrtoriog.

The lifa~apun of the eab is goite longthy (ages of bLwenty-
four yoors bave beon recorded).  The durabien of lesions caused
by lwngworms yemsing unbmovn and alse problomaticel is the poriod
of aurvival of the perasites within the pulmonary pavenehyma.  The
presont invesbigation hos showm thot pathelogicel change, as well
ag aduld worme, persisted for twe yoars while Bloisdoll {(19%2)
ropovered larvae from the facces of one cat after two years and
considered vhat, "if the ropigfance of a catb harbouring such
paxasibes wan roduced, infoction was likely 4o flare wp, It is
alse possible, as verlior muggested (Part Twe, Experiwent Five),
that the presence of adult worma plays o major part in mainbtaining
ivcanity to ve-infection. Cemplete solution of thoze probloms
is waliliely to be foxtheoming until stuldy of oxpervimenitallys
infooted animals has beon pursued ovor many yoows, a procedure

wvhich is oxpensive of disme, spaco and money.
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It has been established that o form of pulmonary arteriopathy
is produced in the cat following infestation by Aelurosirongylug
abstrpsus bat the gonesis of the lesion is uncertain., There is
general agreement that, neoplasia apart, excess of rwscle is on
exprasaion of incroased muscular load and that crterial medial
hypertrophy is a result rather than the cause of artevial
conatriction. Thus, wedial hypertrophy implies an active
contravtion ocourring intermittontly or continually over a prolonged
poriod (Hoxris, 1056). According to Harris and Heath (1962), the
causation of musoular hyperdrophy muy be neural, hnmoral oy myezenie
in origin glthough the authors oconsidered that the latter factor was
tho mest importamt. Aviado (1960) hypothesimed that anoxis caused
constrietion of the pulmonury vessels us a result of excitation of
the chemow-racoptivo aortie and carotid bodies,; a view whieh was
shaved by Naeye (1061). It has also been demonstrated that, in
tho eat, aecabe hypoxia causes inercase of pulwonary arterial
pressure brought about by constriction of the vessels (Duke, 1951).
In the same species of animal, however, Weidson ef gl, (1965) have
shown that chromic hypoxia does not produce any anatomical
altoration of the pulmonary vasculature, Alexendexr aund Jensen
(1068}, in relation to High Mountain dimsease of cattle, bolicved
thot the medial hypertrophic changoes avose from hypoxia leading to
vasoulor oconsirietion. Further hypertrophy was attributed to a

rise in intravagocular pressure associated with hypertension, which
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view goemed te combine the thoordied advanced by Horeis and Hoath (1962)
and by YWaoye (319061). How far thwse hypothesis ave applicoble to
whe eot in dcbatoble vince, in the papors cited above, tho
pathologicel conditiong productive of hypartonsien were loeatod
outside the lungs ond affoctoed ol pulmonary voegsoels e a similaw
dagree. The lesions of tho end wors distinctly focal in character
and dnvolved only branches of the pulmonaxy axrtory and, in all
cages, avtorics of normal size were present., In consequence, the
aboeve theories do uot seem entively applicable to tho cousstion of
pulnonoyy avterial diseance of iho oab.

In view of tho changoes indycod in the pulanonary vasculature
of vats infoeted with Apgiostronsylus gontonensis (Mackeryas ond
Sandors, 1065) apd in that of dogs infested with Angiogtronsylos
vagorun {Uuzeby, 1961), it would be conveniont to accept the
opinion of Comeron (1988) that adult worme lived in the pulmonary
vegsoels, coused irvitation and gove rise to partial hloehoge.
However, sdult pavasitos hove never been seon intravascularly but
have boen rocogniseblo alweys in temninel hronchioles, alveolar
duets or im alvaeolil and suoh chsovvations ave in sgrocmeont with
those of Hobmaior and Holwoeier (1984b), Geviehbor {(1949),
Dlodadell (1952) and Mackerras (1057), Howilbton (1066a) considered
that the ocelusion of artorios and arderioles with disorganisation

nad oven obliteration of the capillawy bed, cauvsed by the peroasitfe
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and tho consegquend cellular reastion, espeeielly thet located syound
bleod vossals, wesulbted in inewcased resgistonce o flov of blood in
tho axtories of offostod aveas. Conglyiction of the arterield
syefibrils over a pevied of time proveked Lypextiophic chamnges in
tho medle of the vessels which, in twn, led to fevrther increase

of Lelymtursl pressave. Buphysews is prosent, to o varying degroe,
in lupgs affocted by lungworms ond Hicken gf al. (1065) showed that,
in some cuphysematous conditions of man, amuseulavisotion with
thickoning of pulmonary ardervioles teol place., With rogard tq the
hyportrophy of the swooth wmscle of the walls of the Lironchioles
and alveoler dusts, o process of gradual obstraction ef tho
bronehioloy gyatom by eprs, larvao and inflasmotory emuadaie, as
gugpentod by Poielineli {1048) in oxplonation of a similar ahange
in the lunge of sheop and goatls infosted by lungwoxms, may ho of
importence in dthe dovelopment of the lesion. FHowever, while those
facters probably oporate significantly during the productive stage
of the Qiseagey they do nod oxplain the museunler bypertrophy of the
artevies and of the other struetures notable as early as nlne days
afbor infection. AL that period, fourthestoge, and pessibly some
thirdwestoge, lorvae wore prosent but comparatively litble cellular
roachion g been produced. Helosse of a mye~stinulant ag o
rogult of pulvwonary damsge or, olbernatively, production by the

arvanite of sueh o ohomical ymsd be sonsidered. Subabanges of
B



128

that kind novmally presendt in the body include acetyleholine,
epinephrine, nerepinophrine, englefensin, histanine and sexotonin,
Aoobylcholine agts as o dilator of the pulponary eirvenlation
(Merwis, 1957). Horris and Heath {1962) considowed thad cpinophrine
had 1ittle offeet on the pulumonary circulation while, beeause of
confiicting expordmental wesults, doubt vomains es 4o tho effeet of
noveploephrine. Aungiobonsin copatricls sysicmic artevien but the
latter anthora sugpestbed that the substance had only o slightly
conatrictive offest on the pulmonayy eciveulation., Histonine nay
be produced by metagoon peresites {Avcher, 1063) but that substonce
hao wot been demonsireted Ho caumse alterpbion of pulmonary
ovborial proseure (Nemiy gb al., 1064). Sorotonmin is & powerful
vagoconsbrictor and Comvoe gf al. (1983) desevibed both reflex and
cavdiopulmenary offecets of tho drug on tho cab and considered that
the veleane of bhe subobtonce from damaged vessels may caunse
additional voscular ohetrastion, Ynddy (1060) vomawked thab
geretonin consisbently produced condrection of vasculer bods of
low vonleolby, such ag these of the lungs and kidneys, and Sanders
2h al. (1059) showed that bhe concentration of the daug in the blood
o the eat vas as much aw thirty bimes that of man. A8 o vesuld
of injection of movetonin, Nossl and Zophori {1048) and Almed and
Hnrrison (1964) created pulmonary arterinl lesions in vabbite.

Howilton (19664), however, dosecid ten cabs twice a day for twenby-
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elght doys aond oh dhe end of that time serofouin was found nob bo

have oanuped any aléervation of the pulsmosery arborial ayabom.  Again,

in bumen beinge sufforing from melignond cavcineid twpours, pulmonsry

hypeibonsion doops nod ongus ag a vesuld of the xraleasce of large

quombitics of sovolonim by the ncoplasm {Havvis and Hoath, 1962).

O the basis of available ovidence, sovotonin goems walilely bo

ploy & majow poart in the preduction of feline pulmovary arteviopathy

and the prood ay bo whedhoy, or noby o wo-stinmlant, ponsibly of

entively difforendt naluwe bo the abeve chowleals, is produced by

the lungworms wust ewalt tho decizion of fuxdher experimental worl.
14 wost be coneluded, thevefeve, that although soms Importont

parbticipating Loolorve hove boon vesopnisad, muoh kas s6ill to be

Yoorned concarning the pathbopgenesia of the puluwoneyy avberisld

logions associabtod with feline infesiation by Aslurosirensyliua

ahalbyugus .
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Introduction

It hos been established that infestation of the cat with

selurvestronaylng abstrusus iz not wacomuon in Great Britain

{Lewis, 1927 and Hoawilton, 1066b), The wain clinical signs
consigt of inmcreased yoespivatery rate and coughing, especially,
after hondling and exoreise, In aniwals more severely affected,
dyspanova, roduced appotite, if not anorexia, and concomitant leoss
of bodily condition ave apparcnt. Porcussion of the chest
revaald distinﬁb dullnesy and, on suscultation, adventitious
ponnds axe casily appreciable, Pyo~thorax hag been xecorded
(Hamilton, 1968). The condition is afebrile end hoematological
exanination may yield variable results sinee, ol the height of
the infestnvion, loucopenia is recorded whoreas during the period
of convalesconee leuwcocytosis prevails., Bosimephilia ig common
and erythroeyte sedimenintion rates aye accelerated (Hawmilton,
1066a). The disease is not acube and the most dungerous period
for tho hoat is the two months, or so, afber pateney when egps
and loxrvac are produeed in great nushers. fAnimals of all ages
may be affocted. Radiologlcal examination of the lungs of
animals suspeeted of suffexing Irom the disease way ho of value ag
on aid to diagnosis and the Pfollowing experiment was carvied cub

to agsess the worth of such a precedure,



123

Materials and Methods

gix kittens, ton to twelve woeks of age, weru infected with
800 third-stage larvae of Aelurostrongylus abatrusus. Ton
weoks lator, the cats wore Rerayed and lateral views of the
thorax were obtained. Fast non~acroen film was used with
RV 42 and Mas 20 while the focal-film distance was 30Y,
Tollowing euthanasia, the lungs of tho cats werce exawmined and
portions takem and subjected to the normal histopathological

teehmiques .

Reaulta

On the Z~roy plates, cuwnerous susll areas of incroased
opaci bty which were extensively distribubed through the pulwonary
substance of all lobes of the lumgs wore seon (Fige. 82). At
auwbopsy, the sultiple lesions characleristic of luugworm diseanae
werg found to conform with the changes denonsgtrable en the

roadiographs .

Piscussasion

The results of the above work show that, in Iunpworm
infestotion, radiological oxzamination is a valuable additional

aid to diagnosis since the widespread anid diffuse appearance



! Figo 32

. Lateral rqdiogr&phpf"t__lllfe"lungs‘ ",of:wa. cat .

infected with Aclurostrongyius ahutfusus’. |
Numerous small areas of 1ncreased Oﬂacity
dutrlbuted throunrhout the pulmonary substance -

may be appreoiated
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of the parasitic lesions is not likely to be confused with mest
of the other pathological couditions which, in this ecuntry,
affect tho pulmonary system of the oab., An acube and sovere
bacterial pnewmnonia, possibly a virus ponowaonitis, mey be radio-
logically similar bul the clinical history and sigus of such
coudiltions ave unlikely to be confused with those of lungwoim
digease, The presence of the parasitic condition way be
confivwed by examination of the faeces of tho eat. 1 the anioml
is affooted, o simple smear will domonstrate a varying musher,
anything up to several handyeds, of very active firat-stoge larvao,

It is suggested, therefore, that if climical, radiological
end foecal oxuminabions are undertakon in animals suspected of
suffering fvom lungworm disease, such preceduves will provide a
diagnoesis of the cendition in the amjority of cases.

Hovever, nome of the latbttey investigations will ivdicate
the presence of lungwoim discase unbil the fourth week, probahly
later, aiter infestabion simce gress pulmonoxy changes are nob
appreciable until tho production of eggs and larvae has reached
a reasonable level and larvee are xarely found in faecos, before
the edghith weelts, Neither will such examinations be of value in
the later stages of the dlseaso when the oxceretion of lawvao has
ceasod and pulmonary lesions axe less dense bub aniwals ave still

showing clinical signy of pulmonary discase, Some othexr diagnostie



aid ig therefore demanded and the noxt sxporiment vecords the
introduction of the flusveascent anbdibody technigue to the diagnosis

of the presence of Jungworm infestation in tho cat,



Experiment Two

Immmofluorescence as a Diagnostic Prosedure in Inmgworm Discase

of the Cot




Introduction

The flusrescond onbibody technigue has heen uged in
helwinthological invegtigotions since the late 1980's, Jacksen
and Levert (1987), Jackson (1959), Sadun (1968}, Sulmer (1963},
Scholtens gf al. (1966) and Puitenberg g al. (1967) used the
method as a means of dlagnosis of trichinesis. With Ascaris swmam,
Taffs and Voller {1008) demonsbrated the irvcorporation of
fluorescein-labelled antiboedics inte the precipitetes ot the mouth,
sxerabory pore, aoums and on the euticle of thivdestage lervae
while Mitchell (31864), Hognrih-Seott (1966) and Ronens {1068)
dobeeted the presence of escarld antibodies hy the sume meons,

The fluoresecent anbibody tochnique hos also been utilised in the
diagnosis of schisbosomiesis in men (Sadvn gi pl., 2960 and Sadom
and Diocea, 19062}, in hydotidesis (Pemzuoli gi al., 1996), in
hookwoerm infections {(Zowen and Singh, 1966), in onchocercinsie
(lmcasse, 1962) ond in fascioliasis (Thorpe, 1065)., 4 high
dogree of swuccess bog boon elaimed in the dotecticen of sntibodies
against thome various paresites, The dewonstration of antibodies
against Agiurestrengylus abgbrusus by the nbove method has not
been reoovded &nd; a8 such a teat may be of value in the disgnosis
of lwagworm disease in the satb, it was docided fo agsess tho
senaitivity and specificity of the teclmiguo ag applied Lo sera

obtained from cats suffering from infestation by the latter parasite,
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Materials and Methods

The Indirecet Mluorsscent Antihody mothod {1.F,A,) was used,

Thivd-stoge layvae of Aoluvestrongylus abslbrungus were recovered

From infeected snails,  Abouwd 200 larvae in 1 ml, of phosphate-
buffered physiological saline {P.B.H.) at pl 7,1 weve pub into a
begt-tube and 10 ml, of seetone addod, The mizdure was shaken
and allowed Lo sit for thirdy minutes to allow fixetion of the
Lasvao to toke plaece, After centrifugation and romoral of the
supornatant {luid, the lavvae were prinsed dwice in P,L.S. ond re-
sugpended in that solubion at a rate of 200 por ml, Those
constitubed the antigen for ilmmunoflnorescenco.

Iabelled impune serwma was prepaced as follows: rabbit antie
cat plobulin antiserun conjugated with fluorescein (Silvana) was
adoorbed with moistened canlne liver powder, in the ratio of 100 mp.
of powdoxr to I wml. of seruw, in oxder fo roawmove non-speeific
"alectria chorge” flusrescence. The wixbare wag shaken wel) and
incubated overnight at &00. The iivey powder was then sedimented
by cembrifupgation ot 4,000 rpm. for ften minwtes ond the svpernstont
sexuun removed. To the lalter was asdded vhoedpuwine-labelled normal
guinea-pig slbumen, in the ratic of 40/60, to aet as a cownterstain,

To perform the tesb, 0,1 mi. of the suspension of anbigon was
added to 0.8 ml. of each test serum, the wixture shaken well end

. o
incubvated overnight at 37°C, Tho fellowing doy, the serwn wog
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drawa off and, by mecans of conbrifugation, the sediment of antigen
was thoroughly washed on four oceasions with P,B.5, The latter,
in turn, was removed es cowpletely ad pogsible frem the antigon 1o
which five drops of labelled seruum was added and the mixture wos
shakon and incabated overnight ot 37°C.  The supornatant wes
repoved and, by means of centrifugation, tho sediment was washed
on four occasions with P.B.S, The antigen was thon placed on a
elean glass slide, covered by a cover-slip and examined under tho
highwdry objoctive {x40) of a Reichert 'Getopan' fluorescence
nicroscope fitted with a darke-ground condenser, an oxciter filter
U61/1.5mm, and o horrier filter ¢G9/lmu, Unlmown sora were
exomined in batches of ton and freshly-prepared 'lnown positive!
and 'Imown negative' mamples werc viewed at the same time to
ensure propor funetioning of the technigue., A fest was considered
positive when the cutiecule of larvae fluoresced a stromg, apple-
green colour (Fig. 83)., A dull Llue-green or complete abuenco of
fluoroscence signified o negative rosult (Fig. 84).  The wmouth,
put and ovaries of the parasites toolk up the counterstain and
flvoresced an oxange colouy in both positive and nepative reactions,
L4 wvan not considered feasible to titrate tho lovel of antibodies
in positive sera by use of the fluorescent technique,

Blood samples were talken, at the time of cuthanasia, fxom
soventy outg, twonby-four of which hod suffered from cither

gponbtaneous or experimentully-induced lungwvorm disease, and the
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sorun separated and sbored ab ~10°C. wntil reguived, 4t awbopsy
o the anlimoly, portions of lubgs and of eny obher infocted tisauve
wepe romoved, ¥ized in 10.0% corvesive-formel and processed to
give gecbions of Tive wicroms in thiclmess to bo gbtained with
hnematoxylin and ¢osin, Puluwonary proparctions were viewved with
regard foxr dthe existenco of active oy vesidual lesiocns of lungworm
digease and the sora were examined in tho maurexr described above,

The prosence of roundworms and topewoyms was reeovded.

Loesul tg

Table 12 rxocords the yesults of oxaminagtion of the sovendy
pera. In suwmmery, those fvem all tventy-four cats affeeted with
activo lungworm diseasce caused the production of positive
fluercgeence. Inoluded in that mumbow were gera talkenm from two
exts, ab tlhwee weeks, and from thwee cats, at four woelks, afber
infeatation, Sera fvom bhirteon other animals reacted in a
gimiler monner bub ton of those cats alse displayed, on histow
pathologieal exawinotion, puluonary lesions consimtent with poste
patent parasitic pnoumonia, namely, hypertrophic change in the
media of pulmonary arterios and in tho muscle of the walls ef
alveolar ducts and bronechioles fogothor with the ecourrvence ef
occanional eellular foel in thoe tissues of the lumps.,  Sawples

from fourteon animals infosted only with roundworms, fiow. four



wiﬁﬁ tapowornms aud from one which was infected with beoth of the
latvter pavesltes as woll aus geva fyom feurteon non-pavagitised

oats failod 1to ocause fluorescence. Contained in the latioer

group wero sera Ivem Fouy caty two of which hoad died as o rvesuld of

vivug enteritis and two frem salwonollosia,



¥ig., 33  DBxzawple of positive cuticular fluerescence
0f a third-stage larva of Aclurostronsylus
abstbrusus,

x 600

Fipg, 34 4Exumple of negative cuticular fiuoreécencq

of o third-stage larva of Aeluiastronﬁylgg,

ahstrusus.

x 1560
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Table 12
Syunopsis of Pavasitic and Pelwmonary Avterial Sitate together with
€

Sorea Heaction of Bovendy Cats

Infoated with Saffering from Soxuin
Uat Ho. Inmogworms Roundworms Tapewoxms Ardevial Lesions Flvorescence

1 * o - e NS
2 4 - - NS 3
3 e - o ) b
4 % - - o 3
5 - " - - -
G 4 - - + &
7 + e - + -
3 % - - + 4
9 - - - - -
10 - - ~- & -
i1 - - & " +
12 - + e $ 4
13 - - - - -

14 - + -

H
i

15 - - - - +
18 had et - + $
17 - - - - -
1@ - - - - -
19 - - - - -
20 - - - - -
21 w § - - -
a3 - 3 - - 4
23 - - - & +
24 L + e - -
a8 . - - 3 *
‘}6 - L] L £ E S
2% - " - - -
28 " & - - e
a9 3 e - R e
a0 o <4 4 ES N

31 - - + - -
32 - + & & b
38 v 4 + - -
34 - ! 4 4 ;
35 - ~ - e -
36 - - e - ?
37 - - - - -

33 i L

40 - 4 - - -

+
]
1
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Pable 12 (Contd,)

Infosted with duifering from Sexrun
Cat No, Lungworms Roundworma Tapoworms Avterial Lesioens Fluoressence
41 - - - - -
42 . . - - -
43 - v - - -
44 - - - -~ -
43 - + - - -
46 - - + - -
&% - + - - -
48 - - - e -
49 + o - +

{30 ‘3‘ - an -3. .

Bl + - - + >
52 + -~ - 4 .
53 + o - + +
54 4 - - - +
BB ¢ 4 - 4 4
1§ - +* - -3 5.
B9 4 i - + 4
5y ey - ~— ES 4
59 3 - - 1 ¢

($11] + - -
Gl 3

68 £ e - b 3
63 - &

64 - 4 - - -
G + - - -
66 - 5 - - -
67 - + - - -
(] s - -
66 +* ver -
70 - - - - "

"
s
I

4o
i

ola
w3

dn
=

-
'y
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Discusyion

Uf she thirty-sevon sera that bad caused the produetion of
fluoressence, only fLhyee came from cats thad did vet show eoither
aetive, or rvesidual lesions of, lungworm discase, It is dmpossible
to state whether, or nob, that vesalt in the dlwee sera reprosented
a non~spoeific reaction since the absence of pulmenary lesiens does

not conelusively indicate lack of contact with Asluresivepeyiug

abstrasws. In support of ithat statemont, the resulis of an eavliex
investigation (Port Two, Bxperiment Six) showed that in the early
ptages of infestation comparatively litile pathological reaction way
be appreciable and, additionally, information is wot awailable onm
the long—term pulmonnry changes which way be induced by o emall
woamber of poragites,  One voundworxm was recoveved freom vhe small
inteatine of onc of the three cats, o finding which was withoutd
significance sinco negative fluorwsconce had boom wvecovded after
sxaminntion of the gera from nincteen animals infected, muny
heavily so, with roundworwms, topowerng or a mixture of both of those
parasites.

It io considered, therefore, that the L.I.A test which uses

third-gtage layvae of dcluvesironcylus abgiruoug as antigen is a

highly speecifis woasure for bhe demonstration of antibedios arising

frem infoetion of the catbt by the ladier povasite. Tarthermore,
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giroe Ghe sova of eods iafecbed with the pnrasite fTor only three
weeks produced o ponibtive wesuld, the technique is able do previde
a diagnozis of the presence of lungworwm disease at an cariiey
shage bhan haz hitherto been possible.

The sensitivity of the test is not an uwnexpocted evend in
view of the roeported work on other paragites. tuitenborg el al.
(1067} found thatb, in pigs, albhough the chareoal-leeithin test,
the latox-slide tost and, to some dopgrec, the complemend-fixation
test produced problews in interprotation becnuse of cvoss~reasetion
due to obheyr parasitie infectiomns, the L.I'.A, test was highly
ppecific for the dicgnosnis of trichimosis., Mitehell (1064) was
also oble to demonstrate specifivity for bhe methed when 1t was
applied to sera from rabbity aod menkeys sufforing from mixed
parasitic and baeterind or viyuws diseases. In the present oxperiment
neither vivus nror boeterinl infection influenced the flusrescence of
gexrs.,

It is socepted, however, thatl cress-roactions moy cceur, oven
with L.}.a, technigues, if closely-related purvasites ave present so
that Zemon and Singh (1965) failed to digtingulsh betwoeen different
hookworma, Sadun ot al. (1860) Cound crvoss.reactions to oceur betweon

Schigtosony moansoni and Sehistogsews japonicun or Schigbosoma

haopatebivs while Hogarth-Scott {(1066) and Ronews (1966) deseribed o

similar velationship between Toxocora catl and Torocarn conis,
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Howover, such eross-ieaction doos net consbitute a practical problem
for the cat. The cemmon groups of parasites which dnfest that
speeies are roundwormg, tapeworms and lunpgworma, none of which are
closely related and it has beon satisfoacborily dewmdngtrated that it
ig possible to reecognige specific antibedies to the latter group by
the I,F.4. technigue., Unfortunately, it was not found feasible to
estimate the antibedy titre by the latter method since dilutions of
the test sorn above 1/8 caused specific to morge with non~specifie
fluorescence g0 that results ceased 4o be of gipnifiecance,
Accordingly, it ie impossible to diseriminate, at tho moment, between
active and post infection by lungworms. A factor of indubitable
importance in that vespect is tho longevity of the parasites in the
lungs of the eat. Aduld forms have been demonstrated two years
after initial infeetion and their presemce presumably emcourages the
retention of a degree of impnity. Swueh a state was represented by
the ten eats, the sera of which fluoresced and the lungs of whieh
had losions of pestpatont lungworm disease, since it was estiwmated
that infestabion had oceurred spproxiwately six to nine months
carlior., Thns, there ig need of refinemewnt of the I F,A, technigue
so that differentiation belween the varieus stages of the disease

canged by Adclurcstroncylvpg shotrusus mey be attewpbed., Hewevor, if

the method is used in conjunction with elinieal, radioclogical and
faecal examinatbions it is of value in confirmation of a diagnosis of

parasitic pneuamonia Iun the eatb.



fixperiment Thyee

The Treatment of Ilmngworm Discase of the Cat

with Diethyloavbenazine Citrate
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Introduction

Diethylearbamasine citrate {1-diethylearbamoyl-d~methyl—-
piperagine dihydrogen cityate) is a white, evystalline, odourless
powder with an acyid taste. The drug was doveloped feor wse in
fileriasis of mon and has bean swvecesafully applied in the
troptuwent of a similar condition in dogs (Nowibt of al., 1847).

It is wise eftfective against canine and foline ancariasis
(Yapegin, 1848),  Parker (1057) applied Yhe drus to Iangwerm
infeetion of eabtle, sirvce when 1% hao been emnloyed by many other

workers against Dietvocanlug viviparus (Parler and floberts, 19568;

Parkey and Vellely, 1960; Holle, 1061; DLubin and Tillotson, 1062;
Javvett gt al., 1962 and Cormwoll, 19063}, Treaitment of wsheep
infeeted with pavasitic bronehitia has beon abbompted by

Ouerslayo (21980) and Oszevslaye of 21.,{31962) and by Fessai and

Holle (1082}, The dyug has also proved effucbive against

Metagtroneyles in pigs (Samaki, 1064 und Siswey, 1984). DBecause
of the veeorded velue of the drang egairnet lungwerme of 4he above
gpecies, it waz dezided to aszess the efficacy of the saubstance in
oxperinentally-produeed lmmgwomm digoaze of the cat, Tew yvecords
of such therapy are availeoble although Suddwih {(I9B6) treated two

cases with diethylearbawasine with insigndficunt resuldt but found

pu

gediwm iodide administered intravencusly to be curative. In
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another instance, Connan and Zurberg (1866) reporbed that diethyl-
carbamasine was efficaciouws and, again in o solibtary foline case,
Heed (1063) claimed therapoubic suceess with dithiazanine icdide.

As the disease is nob uncoumon in Uritain, some fovm of treatwont is

ohviously desirable,

Maborials and Methods

Hight kittons, twelve o fourteon weeks of age and weaned in
the aniwal house, woere used for purposes of the vxpeviment. Pach

it ten was given ovally 800 third-stage larvee of Avlovsgbronoylus

A,

vhatrugus whieh had previously been extracied from infected snoils,
Wivhin den wooke, first-stage larvae appeavred in bthe foeces of the
infected cats. On four occasious during the twelfth and thirtoenth
wooks, the number of laxvae eéxcroted by cach Lkibtton im a gramme of
faccen wag counted and en average pro-troatment figure was computed.
At the ond of the latter peried, three deily deaes of diethyl-
carbamezine citrate amounbing to 100 mg. por kilogrom body-woight
wore administered orally te six of the animals on two occasions

at an interval of three days,  The two remaining kittens worve kept
as contrals: Layval counts por prawme of faeces were performed

for all oight animals threugheut the peried of the experiment.
Pourteon days aftor the final dome of the drug, the cats wvere

awbopsied and portions of velovent tissves wore baken, fixed in
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10,85 corresive-formol, embedded in poaraffinewas, cub ab five microns

and ateined by haswatoxylin and cesin,

Peogulis

Table 12 shows the laxvel oubput per.gramue of faeces before and
after brcatment with diethylearbamazine citwvote and, for comparison,
that of the two conbyol Litiens, reduction in the magber of lawvae
cccurved dmnodiately after the fivst treatmont and conmbtiaved until
approximately seven days a¥bor the second wedication when, in the
nejority of the kithens, there was an inercane in the mmbers
exereted. Yoo woeeks later, it was obvious that the roecovery in
laxval owbput was bheing weintained and, in powe cases, oven advaneed,

Pogt-mortom exemination of the lungs of all eight kittens
rovealed siwmilar changeas to be present, Fhere weve lesions of a
few millimetres to two centimetves in diemeter, which were croaum.-
coloured, friable and widespread throughout the lobes, The bronchial
lynph-nodes wero enlarged - up to 2 by 2% contimetres - ond were
firm, palo and homogeneous in appeavence, Iistopathelogically,
differences botween the lungs of the treated and control groups were
not apparont and the cheracteristic lesions of lunmgwoerm disecase were

present,
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Baeh cat rosciwed a fotal of 800 wg. of diethylecarbamasine
citrate per kilogram of body-welght, Having veserd to dosages
for othor species of animals apd in view of ihe Tacth thal for
treatnent of ascariasis of cats the recomuended amount ia ben to
filty willigrams por hilogram it wes considered that an adeguate
guanbtity ef the drug bad been administered, Hide-weffoets were
absent apaxt from profuse salivation manifest at the time of
desing,

Jarxett of al. {1062) wsed dvethylearbowarine against lung—
worneg in catble and Tound the dyvog to be exbromely efficuncious
when 1t was given before patency hut, if troatment was delayed
until patency hed supoervened, the course of the diseane rewained
unaltered, The drug, therefore, was presumed to be inoeffeetual

against wature Digbyocsulus viviparws., Iubin and Tillotson (1962),

in o cowplementary study, showed that the deng was offestive wmainly
against twowwveek-old lavvac and Kendall {1965) confirmed that

ohservation. In referencs to Metamtroensyle infoctions of pigs,

somewhat similar findings were recorded by Szesald {1064) whe found
that, 1f the drug was adminigtered eighteen deys after infection,
up bo 08.0% of the worms weve removed but, should treatment be

delayed for a fuwrther seven days, the thevapeutie effsct was
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wintmal, fowever, Ozerskaya gt al. {1662) reported diethyl-
carbomazine to be without value against inmwotnre Dietvoconlins filaria
although, in an earliexr reperd by Ozcrskaya (1959}, the substance

was sold to be officacions sgainet estoblished Lungworm digease in
sheep,  Vavkor (1957) and Wolle (1951) repoxted benefieial

offects, ineluling decrxeased faceal larval ewbpub, ia field cases

of hmsk while Sismey (1064) elaimed faveurable vesults in the

treatment of lungwvorw infestabion of pigs. Sush a confusion of

issues is probably due, in greatd measuro, bo the diflerent speecies
of lungworm involved,

In the conrse of the present investigotion, fov o povied of
sevon days after the final frectmens diethyleavhawmamine was foand
to diminish the output of first.stage larvase but the associated
mcechanise by whieh that was achieved is s+4ill unkoown,  The
possidility remainz that the drug way have beon lethal to mature
adults, yet, histopathologleal examivation did not revesl the
gresence of dead werms in the pulmonzry suhstance nov did the
available ovidence sugnest that ogps or firvsb-obage larvae bad been
affected. Since uono of the infoetad kittens showed aigns of
aevere illness, it wes imnossible to determine whether, or nect,
elinical impreovement hoad taken ploce, but at awbopsy, it wea cloar
that the severity of the pulwonary lesicns of the treated catls

muetehed that of bdhe control animnls,
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To an extent, the failure of the therapeutie measures taken
in the presemt oxporiment is confirmed by the experxience of
Sudduth (1958) who found the same drug not to influcnce the couvse
of illness in two cases, Too such reliance canvot be placed on
the report by Comnan and Zurborg (1966) who vecorded cure of a
golitary case of feline Jlungworm diseage by means of tweunty-one
doses of dicthylearbamazine administered over a peried of twenty-
elght days. As the authors themselves have pointed oub, the stage
of patency at which treatment was instituted was unkmown ond, since
the average patent weriod of Aelurostrongylus abstiusus infeetion
is thirteen weeks, or even less, the possibility of spontanccus
recovery cannot bae ignored,

In swmmary it may be concluded that, as breatwent of patent
lungworm discease of the cat, diethylearbamezine citrate was Yeund

not to achieve o significant moasure of successa,



Bxpeviment Four

The Treatment of lLupngworm Disease of the Cat by the Oral

Administration of Tetramisole
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Introduction

In view of the failure of diethylearbamawine, it was decided
to assess the efficiency of o now anthelmintic, tebramisole, in
the breatment of lungworm diseause of the eat, Tetramisole
(&1 2,3,5,6 - tetrahydyro - ¢ - phenyl — iwidazoe {2, 1b) thinzole
hydroobloride) is a white, odourless, amorphous powder with an
aorid taste and was first used by FThienpent ot al. (1966) against
nemotodlasis of vavious animal speeies, The drug is soluble in
water and in sterile solutions wmay be used for intraperitoneal,
Intragusculay or subeutancous injeetion ox, it may he administered
by drenching, Walley (1966 and 1967), Forsyth (10662 and 1066h),
Pankhurst and Subton (1966), Reinders (1966), Guilhon (1966) and
Gibson (1966) dezeribod the offects of the substence on metazoan
parasites, inecluding species of lungwerm, of catile, sheep, goats
ond pipgs.  Without oxecpbion, btho results were favourable and so

proupbed hope of a similay outcome in the case of Aclurostrensylus

ahstrusus .

Materisls and Mothods

Six hittons, twelve be fourteen weeks of age, were fed with

800 third-stuge larvae of Aelureostrobnsylug abstyusus. Hight to
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nine woeky lator, first-stage lavvoae appeaved im the facces, TFor
five days before brentuent bogen, the number of larvae por gronme

of facces was counted and on avevage compubed {Table 14). ‘Pwe
animals were kept for contwol purpeses and the remaining four were
treated orally wvith tetramisole ot s dosage of 16 mg. per kilograuw
of body-~weight on throe occasions at two-day inbervals. At three
ond five days later, the dose was incressed to 30 wg. and, two days
later otill, a final dose of 60 mg. por kilogram was administered.
The kittens objected to the tortness of the drug and responded by
profuse salivation but, otherwise, side-effects wore not noticeable.
During the period of breatment as well as thereafter, the number of
firat-otage larvae per gramse of Lapeces of all animnls was estimatod
and recorded. Fourteon days from the sbtart of therapy, one control
and two treated animwls werc autopsied while the remoining three
cats were kopt for o further thiriy-ome days. After death,
histepathological proparvations eof the lungs were prepared in the

ways deseribed in the preceding experiment,

Results

The larval outlput of the kitiens is rocorded in Table 14. o
abolish excretion of larvao in the facces of the four tweated cats,
from two to six doses of tobremisole were found necessary. In one

of the bwe treated cats retained for forty-five days, larvae
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reappeaved six, eight and ton doys after the final administration
of the drug but subsequently disappeared.

At post-mortem examinatlon, comparison of the lumgs of thoe two
treated aniwals and one condrol killed fourteen doys after treatmend
commoncad, Failled to reveal any significantly different appcarances,
All the pulwonavy lohes wore affcected and showed mumltiple, creape
colourod nedules, wony of which had coalesced to produce lesions,
up 6 one centimetre in diameter.  IHistopathological oxemination
was wove vevonling inasmmeh ag, in the treated kitions, the egps and
layvae proesend shoved evidence of degeneration,

At poat-mortem and histopatholegical examinations of the three
obher cats, wmarked difforcences between the lungs of the control and
the treated eats were to be noted., Thus, the contrel apiual showed
gross and micrescopical lesions similar to those displayed by the
fivat control cat (Fig. 86) apart from the fact that bhewe was somo
reduction in the number of eggs and larvao. The lungs of the two
treated animals, however, weve pinlk, spengy and fairly wnormal in
appearance except for the presence of a number of pin-point, or a
few layger, losions of scovoral millimetres in diawmeter throughout
the various lobes (IMigs. 36 and 37). Iistopathologically, such
fooi were found to consist of colleetions of lymphoecytos, often of
perivasculaxr location, bui neither eggss nor larvae wore recognisable

in the many sections of Jungs examined., Any adult worms to be found
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wvere fragmonted, in an advanced state od degeneratbion and swrrounded
by a eellular reaction which ineluded many lywpho-reticular

elements (Fig, 38).



Number of Lorvae Hxereted per Gromme of Faeces by

Table 14

Control and Tetremisole-Troated (atse

Control Cain

Days afboy

Treatmont 1
0 1,400
1 2,369
2 1,975
3 2,604
4 2,100
H 3,900
7 4,560
8 24100
O 1,260

10 2,040
11

12 12,5800
14 4,080
16 4,450
vy 3, 100
i9 3,060
21 1,350
28 3,700
20 3,920
2 2,500
20 1,850
31 1,500
33 1,820
3b

37 1,300
a8 1,080
41 850
43 400
485 320

3,350

1,400
3,600
5,080
5,600
285,000
12,060
5,000
4,959
3,266
44160
2,730

Vosage

Mg ./Kilo

15

15

15

30

30

60

1,340
1,600
1,226
1,440
120
60
180
55
390
280
760

148

Trogted Cats

4

1,580
4,550

2,400
360
60
120

b

-

Ll

o]
o]

1,340 2,725
2,060 1,650
1,500 780

156 1,200

- 60
- 850
- 20
- 45
- 44



ig. 356 Lunps of conbrol ceb given 809'thiid~stagd'

larvae. The lesions aye extbtensive and |

invelve large arcas of the organ,
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- Fips, 36 and 37

Lunus of two cats 45 days after treatment

with tetr&masole. : A number of leslons o

of a fewAmillimetres 1n1d1ameter,.some;;‘“"'

protﬁsive,-mdy'ﬁé seen ih5allllobes.6£‘/

~the lungs,
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Pig. 38 Pulnonary scetion from a teitramisole~itreated
cat. Fraguents of degonerated pavasites are
gsurcounded hy a dense lywpho-reticular reaction. .

Hacmatoxylin and Hosin x 150
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Miscussion

sSevoyral conclusions may he atated. Tetranisole appoared to
DY

be lethnl to adult ferme of Acluvostrensylung absirusus and

VTR TS P A T AR A S

puccessffully eliminated lungworm infestation from a swall number of
expoerinentally-infected ents. HUHowover, six oral aduinistretions
were nacossavy, in eonbrast with the single dose effective in eother
enimal species, and the dyug disguiocted the kittens altheugh toxie
congeguences were not appreciated. The latter fact is neteworthy
since Weemmerer ond Pudden {1966), in the instance of cats given,
parenterally, doses in exeess of 10 - 17 mp. por kilegram body-
welght, roported the ocourrence of fall) in blood pressure attended
by upvest, dyspnoea, smsculay btwitehing, salivation, cenvulsions
and sometimes death, The sawe aubhors also stated that cattle and
shoep dosed parentevally with 10 mg. poer kilogram displayed
comparable cide-effects whercas Torsyth (1966b) reportod the use of
oral anmounts of botween b and 20 mg,. per kilogram hody-welght in a
lavge nuwbor of sheep to be without morbidity or moxtality. The
lattor author (1066a) suggested too, that the minimuas ledthal dose
for sheep vas of the order of 90 mg. por kilegram which represonts
moxre bhan a four-fold worgin of safety fov the highest recommonded
thevapeutic dose, Guilbon {1966) and Pankhurst and Sutton (1956)

adwinistered Ho shoop dones as high as 20 mg, per kilegram witheut



i
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trouble although the former nubhor werned that, in debilitated
animals, the division bebween thevapewtic opbima and lethal dosage
in slender. Walloy (1867) by weons of a single oral deso of

16 wg. per kilegram body~weight, climinated Motaptroneylns apri from

=t fad

the lungs of infected pigs,

In conclnaien, 14 is suggested that Acduvestroneylus abstrusus

iz meve vesigbant to the effecta of telramisole than ore lungworms
fram otheyr animal species and gp, 12 the paveite iz to e cradicated
from the lungs of infected cals, numerous deses of the drug ave
cagentinl.  The lattor faclor together with the unpalatability of
the substonce leads to the view that heovier dosing on fewer
occasiens or an albernative roulbe of adwmindstration moy vender the

antholmindic more sceeptable in feline prastice.



Iixperiment Five

The Treetmend of Imugworm Biseasc of tho Cat by Laventernl

Admiunistration of Tetramisole



Tutroduction

The preceding experiment hos shown that the oral administration
of tedramisole s of wvalue in the treatment of feline lungworm
infostation. Towever, nuwerous doses were necessary bo achieve a
sunecessful cutecome in all of the aninals and, in addition, the drug
was displeasing te the tvoated cats, To overcome those difficulties,
therofere, it was thought ndvisable to vesord to parventeral

administrotion of the suhatanco,.

Matorials and Methods

Mine kittens of olight to fifteon wooks of age were infected

orally with 800 thivd-stage lorvae of Aecluventroncylus abatrusus.

Tight to ten weela loter, iivst-gtage lorvae appeared in the faeces,
On five occasions bthereafteyw, the vumher of larwvae per gramue of
faeces from each cab was counted and an average cempubed. Two cats
(Mos. 1 and 2} were vetained for conbrol purposes while four
(Nos.. 8, 4, 5 and 8) were injected subcuwtancously with 25 wg.,
followed o weclh later with 40 mg., per kilogram of body-weight of

a H.,0% solution ¢f totramisole, Three of the lntter eats diod ag

2 ye.uat of the second injection and, on four further weekly
vecasions, bhoe muwrviver was given & dozo of 25 mg. per hilogram
body-weight. Of the three vomaining cabs, one (Ne. 7) died

subsoguont 4o a single injeetion of 26 mg. por kilogram bedy-
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welght while the twe others {Nos. 8 snd 8) wero given five daily
injections of U myg, por kilogram body-welgh®t on {twe sceasions and
b an imborval ef nine days., Tables 15 ond 16 rscord the larval
cubput of 0ll cats over the period of the cxperiment. Al pogt-
povben examination pertiond of welevant tissues wore romoved and

treated in a wanser similer to thot deseribed in Experiment Three,

Besults

0f the eats treated weekly, all suwrvived the initial dose of
25 mp. per kilogram body-weight although cach animal showed
merked salivation, muscular tremors and some degree of otaxia.
Thorae wap a decronse in larval output twe days afber itroatmont but,
five days later, the number of larvae had incroased. Three cats
died thivty mimubos afber »eceiviung & dose of 40 mg. per kilegram
body=weight and death was preceded by oxcossivo salivabion, impair-
ment of locomotion and vision, musculey twitehings, dopg~like
poanbding, wespiratory distress and convulsions. Tho swrvivor
vegoired o furdher dovr deses of 205 mg. per kilogram bodyw-weight,
at weekly intervals, in owrder to sbolish excrebion of larvae,
Autepay was performed on that animal Piftyesiyx days after initial
treatment,

In the case of animale trected on o daily basis (Table 16),

laxrvao disappeared from the facces ofter the fouwrth injection and



Table 18

Yoo
e

Numbey of Imyvae lixereted per Gramme of Faeces by Oats Treated

Days after
Trentment

14
16
37
20

i

a4

Weoltly with Yotramisole and by Gontrol Cals

Uontrol Caty

1
12,600
15,400
14,400
13,600
15,200
18,600
13,490
12,600
15, 500
17,300
18,200
12,500
14,200
19,200
13,200

9,600
5,360
4,900
5,600
3,300

2
18,9090
17,860
15,500
14,300
13,800
14,706
12,700
13,900
15,304
17,100
16,100
18,400
16,3600
12,200
10,560
7,800
6,400
3,800
1,000
0560

Dosage
wme .,/ Bgr

a6

3
5,380
660
iG0
1,600
3,000
died

Tranhod CGata

4
10,050

440
2,700
7,000

died

5
25,280
6,288
3,200
2,700
%,500

1,800

690
1,200

206}
1,200
2,000
2,500

&
13,930

100
2,400
5,760

died



Table 16

Nunber of Lervae Lxeveted pexr Graume of
Yaecos by Cats Treated Daily with

fays afcer
Troatment

3%
17
10
21
23

Tetramisola
Bogage
W ./ ko
5
b
5!
%
&

Wt 3

¢

o

Pyanted Cats

8
16,500
14,600

2,400

800
2,300
8,500
1,200

300
1,200
050
856
1,100
1,700

0
10,800
0,430
800
200
1,100
2,000

o

el
¥
- -a



did not re-appear wnbil bthe twelfth and thirteenth days, respective-
ly, in the ingstance of Cats 8 and 9. The second dese of a furbhow
courge of five injeeotlony of similar amouunts of the diung climinsted
larvoe fyvom the faecces of hoth animaels and, in the case of Cat 9,
that state was mointained antil death cipghteen days later. Four
days after texmination of trentwment, Cabt 8 rewoxcreted first-sbage
larvae and sombtivmed to do so, in insreaging nuwbers, uniil
euthanasiae was performed twelve days later.

A% post-moxrtem and histopathological examinations, the lungs of
the four cabs that had succumbed to the toxic effeets of tetvomisole
shoved losions which were charactoristie for lungworm discasc,  ‘The
lungs Ivem the gurviver of the weekly-treated group showed nuomerous,
pale, punctifexm foel btogether with & few proetusilve,. roapghened,
moderately firm lesions, ef up to one cewtimetre in diameder,
scattered throughout the lobes, listepatbelogically, therve wore
accunmlations of lynphocytes and macrophages located in the
almenary pavenchynae and ovound bloodwvesscls and bronebi but noither
eouy now lavvae weve demonstrable. Frapgwonta of degenerated
porasites, swerounded by lympho-reticular elements, were proainent,
Hypestrophice change in the muscle of pulmorary arteries, bronchicles
apd alveolar ducts was appreeciable,

#f the two animals that had been brented on a dally basis, the

tungn of Uat O showed chanrges that wore compavable in all z2spects



to those deseribed above while the sawe evrgang from Cat 8 displayed
lesions which wewre largor, more widsspreod end solter in comnsistoncy
and, on microgscoplcal exeminatbion, egge, lavvae and cduld worws were

found to be predent as well as degenerated parositic fomme,

Migeussion

1f given parentorally end on o sufficient muber of ccessions,

tetramigole ig lethal to Acoluresivonevlus ahstrusuws bub is ds

possible that the cconomies of foline praetice may limid use of the
drug, Thus, to eliminate pavssliie infestabion, ono cal roguired
oix weekly doses, ancther needed seven daily injections and o
furbher catd was not cuved aftor ten duily doses of the chemigal,
However, during the periced of {treoabment and probably as o vesult of
the pradual destruction of all obages of the pavesites in the lungs,
faccal laxrval outbput was wesdrieted. To that exbend and ag a
similerly acting substance hus mot been found, tobramisele is
conelidored te be of vaiue in the combrol and drsatment of lungworm
disecgo of the cat.

Because of its boxicity, the amount of the drug given
pareaterally is woable te be inereased although the need of, ever,
aduwinigtering lavge doses musb be guestioned hocavse of the
experience with Colb § which still exeveted Livet-sbage laxvac efter

a dosa of 40 mg. pev kilogram body-weipht. Thepre sppeaved to e,
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owewer, somn degpee of ivdividunl idiesyncrasy in regard 4o reaction
to tetramisole. Uno cat vocovered frowm o dose of 40 mgm. per kilogram
body-welgbd and four animels survived an smount ef 2% wmy. per kilogram
wheyaag the latter dose eavsed the doath of angther cat and half of
that amonnt imluced sovere elinical signe, including convulsiocug,

in o test-animal., Only at a level of 8 myg, pov kilogram hody-wreipht
wero side-effects enbively absent. Sueh {indings ave sapporvted, to
gome extent, by the work of Haemsewver and Pudden {(1966) whoe, after
investipation of thoe physiological effeols of the substence on cats,
concluded thatl o p&renterai doge of tetramisole boeyond 10 o 17 myg.
per Kilogram hody-weight was wnsafe. In sheep end catile, the same
wathors found that indramugeulay injection of as little zs 10 mg.

por kilogram body—weipht produced severe sideweffeets while Walley
(1967) hkilled a pig with a dose of 100 mg. per kilogram hedy-weight
and Uens ot al. {(1867) in the same mpecies, recorded o similar

outboome with only half of the labier awmount of the agent. It i

2

c¢loar, thorefore, that parenteral treatmont with tebtramisole of
diseasged animals wmat be perfovmed with the ulmest cawve.

¢ interest, too, is the foct that whother, or not, oral ox
parenteral administyration is undextaken, frequend dosing is necessary
for the cure of lungworm disease of the cat whorcus, againsd
comparahle paresitic infestation of other species, a single dose of

tetrawisole is considered sufficient (Walley, 1067 and Ueno: g% al.,



nyesting, cellnlar

Tabe

7Y, It in posoible vhat the donsity of the

reaponse pardially probects Asbwrostvongylue abatrusug from the

-+ (!

aotlion of +the dewmg, or more giwply, the latter poraside mny love o
higher rosistance 4than ether lungwormy o the domie Influenee of the
ahemical,

Gral sdmimigtration, as shown by the vesulle »f Deporiment

1

Four, ¢limivated Juogweyma frem cabe afber o woxinom of six doses
and the saln parpose of dveating animals, pavenberally, woee the
desize to limdd the wamber of doses and, thus, moake the enthelmintic
more aeceptdble in felime practice: - Tho vegulbs of the present
rxporinent showed bthot, Ty the use of such a wmethod, that end was
not achicved auwd it wae also discovered bhab, in some instances,
the toxic/thevapoutic ratio of the drug was quile narrew.

it is conelnded, thevofore, thal pazvenberval injection of
tetramiscle to eats wnay be dangerous awnd, aperd from ease of dosping,
cffera little advaninge over oral adeinistrotion, XL the latter
moethod of traatmont iz adopled it is fuwthor suggested that,
becouse of povential toxicity, only small doses of tetramisels
should be ompleyed and careful wateh mainbained over the treated
animala, If those eriforia ave observed, the drug offers a
supeesafnl means of conirel and treatmont ol pavesitic poewnonia

of eatba.
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FINAL BISCUSHION

HMest works off fhis Xind set oud tv answer a seriss of
ques blons and, in doing ue, inevitably bring te llghd fuxthew
problems which veguizre solution., The preceding thesis is nol
an exeepuion.

Part Loe ol the work wes concerned with lavvee, free ov
within intermediate and paratenie hosts. 1L bad heen rocognised,
previeusly, that Aelurogtionpgyliuag absbrusug successfully
parasitised the pulmonary tissues of cats and that aehiovement
was unferstoed with greater clarily as the resuld of an estimation
of the total cutpul of first-stage larvae by infested cata
tegether with an assessument of the lengevity and vesistaunce of the
laxval forms under varying cenditions of temperature and lamidity.
Agsoviated with the latter factors and of equal importance to ithe
gurvival of thke parasite, was the arrangement by which molluses
acted as intermediate bowts. The latter are highly fertile, are
digtributed threnghout the world and have o welatively loung life-
span during vhieh time they provide a suitable medium for prowbth
and pergsistence of the larval gbages of numerouws pavasites,
including the feline lungwerm. PYirst~stage larvae of the latter
pierced the pedal epitholium and wmigrated into the sole and

adjacent tissues ef molluses and yet, in comparison with the



poaber of larvae in eonbact with She snails, relatively few pained
admisslon, It was alse dissovered that, at the ond of three weeks
cong tant eombtact with first-gboge lavvae, only thizd~ztase lovvae
war: recoverod from iufected mollusges, whish finding indicated that
Purbhor invasion by first-stago forws had heen iphibited., It nay
be thot Immaburity on bhe pard of bthe majority of lavvae is
sufticioni explanotbtion of those factz hut it ia also probable that
mollusesn immunclopgieal reactions played an Lmpoxtant vole,

dapects of wmollusear inmunity have boen reviewed by Wright (1966)
and, despite the fact thnt wmolluses nel as intermediate hosts to
vwaervous parvasites of aniwal and lmmman importancse, there ig not a
great deal of inferwation om the subjeet snd that which is
available often confliets, Accordingly, it is considered that

invesbigation of the limune vespounses of molluses infechted with

Aelurostroneyilus ahsobrusps would he a valuable and produetive

2xareiae,
The work of investigators such as Knopp (1966) and Richavds
and Mevrritt (1967) lsads to the conelusien that larvee of, oven,
closoly-related parasitbes possess dispavate properties, Pirst-

atage lavvae of Angiostroncylus cantonensis appeay to be
& 112 Pr

incapable of invading the scle of molluses and prefer, instead,
to be ingested whereas the apposite pesition obbains with

Aelwrestronsyliug abstrusus and coriain othor lungworms.

.



cominnbion of those larwval differvences offers an ivteresting and
probably a vewarding study.

- bl couxse of investigation it beeane appavent that, vuder
patuwral eonditionn, wolluses wre unlikely o cowbnin lergo nuabers
of infective lavvae. Non-lmsmune eads, thevefore, would vequire
to eat w vessoneblo quantity of iufested slugs or smeils within o
periad of 7 - 10 days, thet is before fthe cnset of feline imsanity
to the parasite, i mederately heavy infestotbions were to result,
The alternabive, and meroe Iikely, thoory is that stersge hogts
play an iapertent part in the life~cyeloe of the Iuwgwerm ond oune
such hogl; namely, the monse bas been shown o harbeur infeotive
lorwne for a perioad of four monthe. Ie contradicthion of the work
of Uomoron {1027} and iu agreswent with ihe findings of Hobusiew
and Holmedier (10885a), it was found impossible fo use the wouse sg
an intormodiate linsb,

Paxt Twe of the thesin degeribed the offeols of the lungworw
on the final howt, Camoren (1928) introduwesd a technigque for fhe
reonvery of adult pavasibtes from the pulmomery artexy hut othey
workers, including the present awnthor, failed in attempls o
ropeod that wanoewvre but found adulds in plveell, alveclar duots
and Dbronchiolen. Xt is ve-omphasised, thevefore, that the
pulwonary vasculature is nob the final habitet of the feline

iupgwerm. It was nlaoe dlacovered that, although fifty thirzd-stage



larvae induced pulmonary lesions, at least 100 were requirved for
gueceuasful perasitic infestation and that over 1500 larvae were
capable of cousing marked elindcal upsel and, even, death,

The small dimensionsg and the fragility of adult fovms of

Aeluroestrongylns absbrusus made it diffieult to recover whele

specinens from the pulmonarvy tissue so that 1t wasn impossible to
agpess the propowtion of an infecting doasa that reached, ov
matured within, the luags. The absenece of such infoermation was
particularly restricting in studics on re-infestotion and on
immunity and faxther eftovts, with Riner technignes, are necossary
for the eluncidation of that problem,

In the exporcimental worlk, a recurrent problem was the lack of
a sabisfactory voute of infection. lLarvae, given in milk or in
wvator, induced wvarious responses in the expoerimental animals, Some
cats tolerated as many as 400 lorvae per day whexeas others would
accept but o quavter of that vwmber without ensuing sickness. I
followed that the process of infection was often time-copsuming
end, in an attempt bto overeome that difficulty, parenteral
adminigvration was cmployed bul was found not to be entirely
succossful. The administrabtion of gastric sedatives, feeding
infeoted snails rather than frec larvae to cats and o reduction, by
cooling, of larval motility wore wetheds tyied, to little avail,

in avtempvs o obviabte vomiting.
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Subseguent to the latter shoxteoming was the failure to trace
larvel mipgration fyom the alimentary tract to the lungs of the cati,
Pifteen animals were infected, killed at intervals of between one -
hour and three days ond & wide solection of tissues examined, In
not onz ingtance were larvae, or losions that moy have heen
associated with such parasites, apprecisted during examination of
higtopatholoegical preparations from any organ, other than the lungs
in which lesions were noted twenty-four hours after infostation,
Other workers with the feline lungworm have been equally unsuccess-—
ful in the same respect und, thoere is litéle doubt that, the pauwcity
of larvae made deponstration an extremely fortuitous task, Further
offort to obtain information on the migratory path of the parasite
requires to bo exponded.

It was difficultd to ve~infoct cats with the parasite,
Aecordingly, it was not altogether suwrprising to find that immunity
wvas able to be passively transferred bub, although of academic
interest, btheve ig littlo occasion for the application of such a
bechnioue cither frow the prophylectic or thorapeutic point of
view. Un the other hand, active imwmunisation is a highly practical
weans of control ef feline lungworm diseasc, whother, or not, it may
bhe induced by the aduministration of live or aticnuated larvae.
However, the high incidence of spontancous disease in cats is ot

gonerally appreciated and, as only the occasional cat dies from
o Pp ’ y
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pavagitic pnewmonia, thore is little demand for a vaceine,
Wovertheless, it is cortein that the condition, with its high
morbidity, will reeceive wmore atvienbien in the fubure and, ot that
time, the need for a safe, siwple method of conitrel will be
appreciated. Another faet to emerge from the investipotions was
that approximately 1.0% of infocted cnts Pailed to develop more
bhan miner lesious and to exewebte firstestoge lavrvas. In the
absence of albternative explanation, it may be suggested thet such
animals possessed natural immunity to the porasite and farther
study of that type of cat would be of irmumological interest,

A swall experiment in which two pregnant eats, suffering from
pabent lungworm disease, were studied vevealed that infeetion
in uiere did not take place, Unfortunately, it was noet found
practicable to test sera, from the olght kitiens that were born to
the animals,for the presence of antibodios against

Aeluroatyoncylus absbrusug.

It vias enly vocently that assoeilation hetween the lungworm and
pulionary vescular diseasc of the cab had been proved (Uawilton,
1966a). In the present scries of oxperiments, artorial chanmges
wore recognised as early os mine days, and were still prowminent
two yoars after infection. The pathogenmesis of the lesion was not
fully cleaxr bub, basically, such chunges my have resulted from

vasculay disorganisation and obstyruetion induced by the various
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Ateges of the parasite ond by the roacbions of the host., Whether,
or nob, & wyo~stinulant is released by the pavaesite hes not heen
rsgavtained and roseareh along thet poatlway may produce swrprising
results, Informution on the systusic effects of the pulwonary
artericopathy 1o also reguired and the uvse of o teehmlque such as
cardinc catheterisation may aid the sceummlation of Imowledpe.
finally, in the circulatory condext, there ore the comparative
aspeets of the condition. Gradationms of pulmonary presaure may
bo achieved by varying the dose of lorvae and such a systen may be
of interest to those concerned with the atudy of hwman pulwmonary
hyportonsion. Of sewe inporbtsnee, (oo, is the fact that
inwvestigators, be they pbysiologists or pharmacologists, sheuld be
avare of +the incidonce of vusculay discase in the cat obthexwise
false exporimental rosults wmay follow the use of atfocted animals.
doveral publicotions in medical literature beav besbimeny to the
necd of such inforxmation,

The concluding port of the thosis was eoncerned with diagnosis
and dreatment of parasitic pueusionia in eats, Thove is nething
exceptional about thorasic wadiography in that species and it was
shown that, if combined with clinical and faccal exowinetions, the
procedure wag of diagnostic value, Move complex is the problem of
diagnosis Dy iwmuncfluorascenee., The labter is not a bechnigue

thot is appliecable eubwith a laboraltory dut the suvecess of the
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mothed is gratifying. Lefinement of the technique to allow of
estimation of serum anbtibody titres may be posgible siunce, although
Yoneus {1966) and kuitenberg et al. (1867) recorded such findings

in the sera of pigs suffering from agcarinsis end drichinosis re-
speectively, siwmilar resulis woro not ablainable in the course of the
presont investigations.

Treatuent of parasitic pneumonia by diethylcarbamazine was
wnguccessful,. Telremisele, liovever, was efficaclous bub veguired
to he adminigtored on several sceasions. Nevertheless, if the
need of tho lattor is acecspied and provided that owmers arve
propared to poy for professional servigces, the anthelmintic will
ensure clinical improvement provided that ablention is paid do the
potential texieity of the drug,

The inveafdigations recovded in this thesis were the result of
thoe efforts of scveral years. The conmtained experiments
enconpassed the fieids of biology, immmelogy, pathology and
parasitology and were concerned with the discovory of now aspects
of the parasite ov of assoclated disease in intermediate, paratenic
or final bhosts. The exercise bas been stimulating and has givon
the author o degree of satisfaction vwhich will bo magnified if it
ig socgepted that the reperted work has, in any way, advanced

scientific Imowvledge,
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