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THE  PATHOLOGY OF PREUMONIA 1IN TOFR PIG

The literature doaling with pneumonis in the plg was reviewed,
placing emphasis on the reporis concerning the stabtus of ply pneumonias
in Britain but referving also to work in other countries where 1t was
rolevand,

The main objeocte of the thesis were (&) to otudy the histopathow
logical changes cocourring in the lungs of pigs with naturelly ocourring
pneumonia with a view to ¢lsssifying the lesions on this basis, (b) to
shody the pathogenesis of enzootioc pneumonia In experinentel snimely

(e) to investiganio the relationship bobtween Pasteurella multoclda, Haemo-

philus parsinfluenza and pneumonia in the pig, (d) to study the pathozenesis

of the preunonia due to Metasirongylus apri in experimental animels and

(o) to vaccinate young pigs against the pig lungworm M, apri using Xe
irradisted infective larvee of M. apri.,

Phe naturslly occurring yncumonins studied consisted of 376 sets of
prnaumonie lungs from pigs of all apes, which were obtained from three
gources (i) pizs sent to the post-mortem room st the Veberinary Hospitel,

the University of Glesgow, for voubtine postemortem exeminabion, (ii) pigs



dying or destroyed on farme during the investigation of respiratory dige
euse problems in the field, (4iii) pigs killed in abattoivs. As & resuld
of studylng these lunge histopathologleully the pulmonary lesions were
clasgified into the following groups, enzootic pueumonia, interstitial

pneumonia, pneumonia due to He pavsinflewnza, simple acute bronchopneumonia

neerotisivg bronchopneuwnonia, suppurative bronchopnetmonis, embolic pneumonisa,
tuberoulosis, pneumonis due to M. apri, pulmonary toxoplasmosis, glant cell
paeumonda and pulmonsry vascular lesions.

Tnzootic pheumonia, interstitial pneumonin, the pneumonia due to H.

parsinfluenzs end the pneumonia due to M. apri were studied in experimental
anluals.

Engootic pneumoniaz was produced experimentally in pigs using sugs
pensions of pneumonic lung injected intratracheally. Theuse snimals were
killed at different time intervals aftey infection and the serial pathology
of the disease was described. The slgnificance of three of the lmportant
foatures of the pneumonia namely alveolar cell hyperplasia, peribronchiolar
lympholid nodular development ond glveolar collapoe was discussed, and g
hypothesls was advanced to explain the pathogenesis of the pulmonsry lesiongs.

Interstitial pnowmonia was regularly associsbed with P. mulitocida bub
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attempto to produce the pneumonia experimentally in plges welng pure oulturos
of the ovganism were unguccessinl.

it was demongbrated, however, that H. pareainfluenze could produce

pooumonie in experimentally infeoted pigs identicnl to thet ocownyring in
the field.

A purvey was oarried out to determine the incidencs of lungworms in
the pigs being sent to an sbattoir in central Scotland and 93 of 1,113 seils
of lungs exemined ware found to contain lungworms giving an incidence of
Bed%he  The lungworms collected during this survey weye weed to infect

cultures of the esrthworm Disenla foetids which in common with geveral

other specles of caythvorms, is the inbermediante host for this pearasito.
Plgs were infeoted with known numbers of laxvee, obtained from the sarth-
wormg, and were killed serially so that the pathogenesis of the discase
could be studiod.

log pige agaiust M, apyi 1% was necessary to dilscover the most sultable
level of iryrpdiation. 'This was done by infecting four groups of plge vith
noemal larvas, larvas given 20kr of w=ivradiation, larvae given 40kr of

x-irradintion and layvae piven 60ky of x-irrsdlation. ‘The most suiteble
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lovel as judged by (&) the number of worms at autopsy and (b) the degree
of clinical disiurbance was found to be 60kr.

Using the informetion geined from the previous experiment a group
of young plgs wes vaccinated with lufective larvae which had bheen previously
irradiated with 60kr of xerays. When the animals were killed after they
TEPE ehaliengad with normal lervee, it was found that the results of the

experiment weve inconclugive.
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GENERAL  INTRODUCTION

The respiratory disease complex is economically one of the most important
of all the groups of diseases which affeot the plg. Resuliing from this and
from the scientific curiosiiy of many investigators, considerable interest has
heen shown in the various entities vhich congstitute this complex, but even to-
day many of them ere diffioult to define snd are improperly underatood.

The scope of this thesis is not meant to cover all of the diseases which
affect the pig's resplratory tract and attention will be divected to the disease
processes resulting in pneumonia.

Research in this field was probably first conducted duriﬂé the second
half of the nineteenth century. At that time and during the first half of the
twentieth century hovever research wes, for the most part, directed towards
leolating micro-organisus from pneumonic lungs and delermining their role in
the pethogenesis of the disesse. In oontrest histopathologloal descriptions

of the actual lesions occurring in the lungs were infrequently made and no
attempt was made to classify the pneumonic lesions of the pig on this basis,
Since the techniques for isolating many of the possible pathogens are still
ot an experimental stage eand are not standard laboratory proctice, the histo=
pathological appearance of the lesions is an Important guide to dingnosis and
to rational clinical procedure. A varlety of micro-organisms have been
isolated from pneumonic lesions, but the part played by them in the disease
process is often pbscure. It is obvions therefore that these organisms

alone cannet he used as & criterion for classifying the pneumonias of the pig.



A study of the naturally oceurring lesions of the plg lung on a histo-
pathologioal basis was therefore undevtulken and this was supported by study-
ing the veaction of the pigls lung to experimental infecltions with a vaviety
of ggente suah s bacteria of the genera Haemophilus and Pasteuvells, the in-

factlve larvae of Metestrongylue apri and sugpensions of prneumonic lung from

cages of enzootlc phnewmmonin.
Jarrett, Jemings, Molntyre, Mulligen and Urqubart (1957) have demone
siratod that it is pousible %o produce active immnity in cettle agalnst the

lunguorm Diciyosaulus viviparus by the administration of third stage lervaee

of D. viviparug partially inaotivated by x~irradiation, In the pig a pavae-

giiic pneumonia is caused by M. apri vhleh 48 in some respeais comporable
with bovine pavasitic bronchitls and it was therefore decided to include in
the study an investigntion idnte the possibility of vacclnating pigs againot

thip pareslite with x-ixradiated Uthird stage lavrvae, of M, apri.

T



REVIEW OF THE LITERATURE ON PIG PNEUMONIAS IN BRITAIN

WITH REFERENCES €0 WORK IN OTHER COUNTRIES

It has been known for a long time that pneumonia occurs in pigs. Betts
(1953) quoted Aristotle as mentioning "the deosy of the lungs" in pige and
Virgil as describing a disease in which "a wacking cough shakes the sickening
svine". It was not until the second half of the 19th eentury, however, that
investigators, spurred on by the adv:noes being made in bvacteriology st that
time, had a closer look at the types of pneumonis oscurring in plgs.

Several descriptions of lesions occurring dn pigs' lungs can be found in
the literature of this period. Kleine (1877) desecribed lesions found in two
experimental pigs infected with "the so-called enteric or typhoid fever of the
pig"y which showed "mapping out of the lobules and lobes of the lungs by oedema
of interlobular tissue, the lung tissue of the corresponding parts being at the
sagme Lime hyperacmic". Histologleally he described this as a lobular pneumonia
wvhich in its later stages tranaforms the lung into a necrotic disintegraling
ma8s, in whioch he could see masses of micrococci. In one of these cases he saw
bundles of nematode worms in the larger bronchi and ovae from these worms in the
inflamed lung tissue. This must be one of the {irsi histelogleal descriptions

of Metastrongylus infection in pigs. VWalley quoted by Billings (1888) also

described a prneumonia in which interstitial oedems was an important {eature.
The surface of the involved ares was railged above the surrounding lung and there

wag usually pleurigy.



One of the most interesting papers of this period was concerned with
wvhat wes called catarrhal pneumonia (McPadyean 1888), and vhich appears,
from the descripiion of the lesion, to be not incompatible with vhat is now
called enzootic pneuwnonia. MeFadyean wrote "almost the entire lobule exw
hibits changes of catarrhal pneumonia" and "the ulveolar epitheliwn has
loat its squumous charncter, its place being taken by large iyregular ger-
minating cells, Within the lumen of the alveolus there ave more or less
denge muases of catarrhal cells, obviously derived by proliferation from the
altered epithelium”. He added "smaller bronchi, even vhen the epitheliunm
igs comparatively healthy, show mass peribronchial infiltration with round
cells™.

Catarrhel poneumonia however, did not seem to be regarded as an important
entity and most attention was fooussed on the two recently recognlsed conw
ditions of swine plegue and swine fever, It was apparently not clear whether
swine plague had occurred in Britain or not wnd in & paper entitled "Pneumonia
in Swine Fever"” published in 1896 this was pointed out. As a result of on
investigation into this problem McFadyesn (1897) reported that he hed no
evidence that there was in Britain "a second epizootic diseawe of the pig in
the form of an infectious pneumonia."  The other eplzootic disease he was
referring to was swine fever and at that time there was a considerable smount
of confusion in Britein snd abroad about the cccurrencoe of pneumonia in gwine

fever and aeven if swine fever and swine plague were different diseases. These
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conditions were confused by Billings (1888) but not by Salmon, quoted by
Billings (1888) or MoPadyean (16888). ‘“he latter reoognised that the con-
ditions were different and was in some doubt about the role of pneumonia in
awine fever. In 1891 he appeared to contrsdict himself and reported that
the lung lesion in swine fever was & caterrhel pneumonia and thet pneumonia
was a fairly constant finding except in very acute cases. Mive yoars later
however, in the paper "Pneumonia in Swine Fever” guoted earlier, the opinion
was expressed that preumonia whether catarrhal or crounous was a rave lesion
in swvine fever. This view was based on & series of experimental snimals
vhich were probably twenty pigs whose eutopsies were reported earlier in the
your by Mcladyean (1896). At this time swine fever was thought to be a
bacterial infectlon and in 1897 MoFadyeuan cluimed to have isolated s swine
fever baclllus from the lwige of a pneuwonie pig and to have produced lesions
in the lungs of an expervimental pig with this. lie sgid that this was g
rare lesion however, and devoid of practical intercst,

The plgs used 1n these early experiments would not satlsfy the more
gtringent criteria applied at the present time, and this mokes it difficult
to evaluaste the results of early experiments., It seems, however, ithai at
the end of the 19th century in Britain, pneumonia was recognised as & not
uncomuon entity in the pig, although it was thought that pneumonia only
oconrrad infreguently in pwine fever sund some people vere not convinged that

swine plague had ocourred in this country as s second epizootic disease



digvinet from sgwine fevor.

Bxoept for a papor in 1902 by MelFedyesn describiung three cases of
tuberonlosis in young pigs in which the lungs were severely involved and one
in 1937 by Robertson who suyvaeyed 1,009 piéﬁ in the north~east of Scotlend

and found vhat 13.08% had Metastrongylus infeation, mosd papers in the firet

helf of the 20th cenbuwry were concerned with pneumonias causad by filier
pasaing agents. Much of the thivking on this subject was both stimulated
and confused by Shope's work on swine influenza in the United Statesg.

Daving the pandemic of human influenza 1918-1919 Dr. J,9. Koen, an
ingpector in the division of hog cholers conirel of the Bureau of Animal
Industry in the U.B40s recognised ag a clinjcel enlity s regpiratory disesse
in pigs closely resembling humen influensa which be called "Hog £lu" {Lnidlaw
1935, Bhope 19%la). Several other observers aleo described the clinical
featuves of tho disesse (Murray 1920, HoBride, Niles and Mavkey 1928, Fulton
1930, Spray 1922) but it was not wntil Shope's series of papers that it was
properly wderstood {Shops 193la, Lewis and Shope 1931, Shope 1931b). He
described the pathology of the condition and demonstrated that o heemophilic

baciilue, Hoemophilus influenzae suis and & fllter passlng egent were it

volved in the digease vhich he called swine Influenzsa. He also showed that
the complete clinleal picture gould only be reproduced by experimentally ine

feeting plgs with the filter passing agent and H, influenzae suis. An

inportent fact vhich Shope noticed from his field investigations end whioch

he states in his Tirst peper (1931a) was that "the term of 'flu as popularly



used embreces more than one clinieal entity.” He recognised another respe
iratory disease "often simulating the frue eplzootic swine influenzs in some
respects but differing markedly in others. The true nature of the ocondition
could usuplly be recognised by the absence ol prostration on the part of the
affected animals, the greater chronicity of the disease and the fuilure of
more than s small portion of the herd to become affectod."

These were facts which later investigetors failed to appreciate and a
congidersble amount of confusion arose subsegquently becsuse the term "swine
influenza"” was mlsused. In the years 1932, 1934, 1935, 1936, 1937 and 1938
Shope published papers describing the serology of swine influenza, the
relationship of swine influenza {o huwman influenza, the disegse in mice, the
immunisation of plge spainst swine influenza, the presence of neutralizing
antibodies to swine influenzs in human gera in the United States, and on the
experimental infection of pigs with human influenz:. etrains PR8 and WS,

In Burope at this time there were several reporis describing paeumonic
conditions in piges vhich were thought to be the same as or similar to Shope's
swine influenza. KBbe and Waldman (1933, 1934 and 1938), described a
preumonia vhich principally affected young vigs,. This was & chronic

poneumonia and since the experimenigl disease uwaing material passed through

| a Seitz FK fdilter was slighty it w s thought that the disease in the field

was & complex of o filter pessing agent and a becterium, This condition

vwas oalled Ferkelgrippe (piplet inTluenza) bub in retrospect it is more



likely to have been enzootic pneumonia, MombergeJorgensen (1938) was able

to reproduce thils disease using only material which had been filtered through
collodium filters of mpproximate pore diemeter 0.94 . Glesser {1939) pointed
out that the disease was not confined to piglets but could affect older
animals and wnfortunately sugsested that it should be called Schweingrippe
(swine influenza).

Lemont (1938) described a pneumonin of young pigs in Northern Ireland
and called it piglet influenza. According to this report 5070% of pigs
going through bacon factories in the North of Ireland were affected and the
condltiion was also present in Scotland. In his opinion it was "the most
common and gerious disease of pigs in these islands und Buropets ‘This dig-
ouse, which was usually introduced into a hexd by buying in pige or by sending
off breeding stock for gervice, moat commonly involved housed plgs aend had ity
moat serious effects on young animals. An aoute rise of temperature wes notb
a common femture of the pneumonis and survivors had a chronic spasmodic cough,
many of them becoming bad doers. After filtration through Seitz and Berkew
field filters, the Iilirate produced lung lesions in eight out of twenty-seven
pigs infecteds On several ococusions in the field they falled to {ind Haemo-

philug guis or any organism at all. These features of the disease sug ezt

that it resembled enzootic pneumonis more than svine influenza and later
(Lamont 19%2) 1t was pointed out that the %wo conditions had been confused.

The next publication of interest in Britain was by Hlakemore and Gledhill (1941)



ﬂt)*

in which they describe their investigations into five outbresks of prnewnonia

in pigs. Haemophllus influongzae suls was isolated from some of these pigs

and from plge in three of the outbresks a virus was recovered which could bo
tranamitted vo ferrots, ard newbralizing antibndies vere demonstrated in the
sera of oonvalescent pige, for the Torvet adapted virus, They pointed ouwt
that the disease was net identical to swine influenza ns described in America,
since the cohronic course wag the most serious fewture in four out of the fivae
outbroaks. ‘The lesions ocourring In thelr cases resembled thope geen in the
forth of Ireland which had been sent te them by Lamont. Glover snd Andrewes
(1943) reported on the relationship between two strains of viruses from pig
lungs, one of which had been isolated in Cembridge by Blakenmore snd Gledhiil
srd the other in Novthern Irelend hy Lamont.  They concluded that neither
of the two Brivish styaing wvas "morw closely velated to the other oy 4o the
dhope pip virus then it ig %0 o human iﬁfluenza A"

Farliey, dn 1935, Andrewes, lLaddlow and Smith had demonstrated anti-
bo&iém to swine influenza in the seva of human belngs In Beritain but they
ragarded these an probably being nonespecific, Unsucceseful attempts weve
mnade Quring 1948 and 1949 Yo isointe swine influenza virus from the lungs
of pigs involved in outbreaks of respivatory disevse in the North of lreland
and Bast foglia (Guirajani and Peveridge 195ln) snd the opinion vas expressed
(Gulrnjuni 1951) that swine influenza hed been confused with another specific

infection of the pig's lung which wue & separabe entity. The vliew {hat true
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suine influenza due to Shope's viruas had not been ¥ecorded in Britain was
supportod later by Andreves and VWorthington {19%9). |

Afer the confusion of the first fifty yeurs 1t was conclusively
established in the next decnde that there was in Britain a widespread inme
portant Qisease of pige which was a chvonilc pneumonia guite distinct Lrom
avine influenzp. This was fivst described by Gulrajanl and Beveridge (1951b)
end vas oalled infectious pneumonia of pigs. They were able to reproduce
the pneumonia with bagteria-free suspensions, ard found mecroscopic lesions
in experimentel animals killed between twelve and siitean deys afler infeotion.
Wo leslous were seon In pigse killed wp to seven days after infeotion. fThe
agent, in one aexperiment, did not appear o pass o filter of approximate pove
dismetor 0561 and antibodies o swine influenza could not be demonstrated in
the gere of experimental animsles. When it had been established that another
trensmissible pneumonia did occur the attentlion of moat workers was focussed
on the nature of the cavwsal agents Betits(l9%2) sugrested the name vizus
pnenmonia of pigs, or V.P.P. for the dissasec, assuming that the causal agent
vas o large virus.

In thig paper some c¢linical and epidemiological aspects of the pnevmonia,
ineluding some details of the causal sgent, were given. The latter wse
described as s large virug not less thaun 200my in size, susceptible Ho aurcoe
mycin to gome degree, and with the abillty to produce lung leslons hy iteelf

although in most nabural cases secondary baoteria uere present, It was ypyointed
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out that diseases which were probably similar had been reported in Finluand,
Sweden, Norwsy, Poland, Holland, France, U.S.A., Canada, South America and
Australia. Betts, in the same paper, described & syndrome which he called
"secondayry breakdown'", which was charscterised by the development of an
acute clinical picture in animals already suffering from V.P.P. Trom the

yellow necrotic lesions in the lungs Posteurellee sp., could be easily iso=

lateds In the gsome year Betts and Beveridge (19%2) gave more detuils of
the disesse, mentioning feilure to immunise pigs uwsing subcutaneous ine-
Jactions of infected lung as antigen,  Although they called the disesse
virus pneumonia of pigs they pointed out that the charscteristics of the
causal organism suggested 1t was like the psittacosis agent, the grey-lung
virus, the p.pele0e group and primary atypleal pneumonia of man. Expori-
ments were oconducted later to investigate the economic loss which might be
due to the disease (Betts and Beveridze 1953), and as a result of further
experiments (Belts, Whittlestone, Boveridge, Teylor and Cempbell, 1955) it
was astated that although few pigs died from V.P.P., morbidity was high and
pilg farmers suffered financisl losses beoause of the greater amount of food
congsumed and the increased time required to reach bacon weight. Tollowing
attempts to control virus pnoumonia in the field which involved the eradi-
cation of the disease from forty four herds, it was found that there were
too many pitfolls and the method was too diffioult (Betts, Whittlestone and

Beveridge, 195%5). Although it was not eguy to eradicate the disease in a



herd, it was possible, and two reports were made on the procedures used to
acoomplish this in two herds, in each of which the eradication procedures
lasted nineteen months (Barber, ¥rande, Mitchell and Betts 195%, Whittlestone
and Betts 1955). Shanks and McPherson (1955) noticed that the incidence of
virus pneumonia was less in sows than in young pigs and suggested that o;d
breeding stook should bhe used to establish herds which might be kept free of
VoPel's by striot supervision of litters and culling of coughing piga. In
spite of the large number of publications on this pneumonia very little detail
had been published sbout the pathology. Jurrett (1953) deseribed a pueumonisa,
ooourring in the calf, associated with peribronchial lymphoid hyperplasia and
vhen Pattison (1956) described the histopathology of the lesions oceurring

in a transmissible pneumonia of the nig, which was almost certainly the sause
condition as the Cambridge people were working with, he pointed out the simi-
larity between this condition, the pneumonia occuvring in the calf, and grey
lung disesse of mice (Hiven 1950).

In the series of papers from the Cambridge workers references had bheen
made to other pneumonic conditions of the pig., Betts {1952) considered that
apart from tuberculosis the great majordty of lesions in pig's lung were due
t0 V.P.P, and Beits, Whittlestone and Beveridge (1955) found that lungworms

voere the most common caunse of coughing apart from V.P.D. These latter

vorkers demoribed briefly in the ssme paper s« pneumonia ococur.ing in gome

herds in which large numbers of pglant cells were seen histologically.




Whittleztone (19%7b) discussed a wide range of poroine respirsiory diseases
and siebted that be preferved the name "enzooiic pnevmonia® proposed by Wesslen
ond Lonek (1954) to "vieus pneuwsonia”, since it indioated epidemiologiosl and
pathologlcal feat wes of the disanse, while baing nou~commital sbout the caussl
agent. Discussing this problem he repovbed that he hsd seen a pleomorvbia
organion In impresslon smears fvom naturally occcurring and experimentsl cases
of ensootic pneumonis. It was also pointed ous that pen.leo. bad baen iso=-
lated from the wesplratory trocts of pige which had vespiratory disecuses but
aleo from pige which were novmal, and that experimental inoculstion of these
euliures had not produced pneumonia. In his opinion the relationship between
the various organisms had not yet been established and no definite conclusions
could be drawa regerding the role played by bthem in the aeticlosy of enzootie
pneumoniae e histologlesl pieturs of the disease waes thought by 2im to

be typieal bui not dimgnostic,

While this work was bheing carvied out in Britain s considerable smount
of resmearch was bolng done ebrond and dlseases were veporied from several
comntriecs which sppenved to be slmilavy to enzcobic pneumonis. Prior to
Guirajani and Beverldge {1951b), Pullar (1948, 194% agbua.) decaribed an itie
fections pneumonia of pigs which was characterised by high morbidity and lou

mortality, with Paateurclla septica present in 90% of bhe cases, He was

wigble however, o reproducs the disease uging filtrates of pneumonic lung

alone, and he thought thet there was a filter pasging agent in the lung whioh
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was unable to initiate infoction by itgelf bt cowld “agsist the otheruise
inerts pasteurella %o epbtablish lesions®s  Rislakki {1953) described a dipesge
i Finland wbich he oslled infections pig coughy and which behaved in a similar
menuey to the British diseasse in his experimental work. Plowright (1993)
racorded a pneunonia of piga in Kenya resembling enzooiilo pneumonia and a
similor disemse was deseribed in Canada (Fulbon, Burton sad Millar, 1953).
wWosslen and Lannek (1954) proposed the neme swine enzpovie pneumonin for the
disease and swine enzoobic pneumonia agent {S.l.0. agent) for the osusal organ~
iem vhich they oleimed to v ve isolated from six out of elght Tield cases on
Pipaus cultores of swine lungs, swine kidney, bovine akln, bovine lung, and
human lung. In She same yeaw, however, Hjsrre, Dinter and BDekos {1994) vere
unable to gonfirm that the agent could be esslly gyowm on tis we culture hav-
.ing failed in thivteen out of sixteen ¢pges to do so with three doubtful cases.
Lannek and Wesalen (1955) recognised chenges in tissue culture prodused by the
agent snd saw nuwmerous small particles in the tilessue culture cells after two
daya which were gimilar Ho Lhe pleomorphle organism desoribed by Whitblesione
(195Ta)e These particles could be separated by centrifugation and agglutinated
by antisera produesd in rebbite by injecting pneumonic lveg as antigen.
Sehofleld (19%6) exemined & series of lunmgs histologically and described
s praumpondie resembling engocotic pnewsonds in Canaeda, and also a glant cell
preumonia, which wes seen in four pige, In the geme yeoar Lamek and Boxnfors

(1956) found that although it was not possibvle to provent the dissemination of
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engootic pneuwmonie by treating pigs with tetrecycline snd oxybtetracycline,
it was pogsible to inhibit the development of the disesse by using the drugs
vrophylactically. The same guthors (Lapnek and Bornfors 1957) demonstrated
that plge vhich had recovered from envootic pneumonia were immune to ro-
infection. It wus claimed by Launek and Wesslen (1957) that the agent of
enzootic pneumonia had been grown on the yolk sac of embryonated eggs end
that macroscopic lesions were produced in the lungs of pigs experimentally
infeated with the agent after it had boen grown on tissue culture. The
comparative histopathology of swine influenza and enwzootic pneumonia wasg
studied in experimentally infected pigs by Urman, Underdehl and Young {19%8).
Although the problems assoclated with enzootic prneumonis attracted
the interest of many workers, pueumonliss of the plg caused by parasites
vere not completely neglected in Britadn,
It was popularly thought at this iime that the migrating lurves of

Asgaris lumbricoldes were responsible for much pneumonis in pigs and the

clinica) syndrome popularly known as ‘Thumps. However, when pigs were cxe

perimentally infected with Ascaris luambricoldes (Betts 1994}, it was shown

that coughing only lasted five or six deys, and the lung lesions, which
vere qulte small, hed disappeared in animnls killed twenty one days after
infection,

The incidence of lungworm inlestation wasg atudied in Cheshire, London

and Hereford by Dunn, Gentles and vhite (1959) and was found %o be 18430,
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26% and 27% vespeotively of the lLungs examined in these localitiess  The
patholegy of the lesions was described and Buwan (1956) went on to study the
pathology of the experimental diseage in eight plgs Iinfeoted with single ox
vepoated doses of eaprthworis containing infective third stage larvass lnge

Kenzie (1998 a.be and 1959) also studied Metaatrungylus infestation in pigs.

In the fdrst paper obsorvaticng on the natural disense in a plg herd free
Lyom snzootic pneuwonia were vecorded.  The lesions occurring in these
onlenls were deseribed and it was pointed out thet consolidation ocourved
in some pigs vhich was indistinguishable from ensootic pneuwmonia, although
49 a yule the lesions were small and histologically dissimilar. The second
paper gontnined n degeripvion of ithe elinical couwse of the diseaese in seven
plgs exvorimentnlly infected with doses of laxvace renging from 200 to 84000
and killed five weeks afier infeciion. As & resuld of his experimental
vorle 22 pigs haed been infected and killed & dntervels ranging rom one day
to eipghty deyse Using this material he described Lhe progressive pathology
of the condition in hils third psper.

Bacleria were uwsually conaidered to pley a secondary role in the

devalopment of many pnewnonias in the pig, bubt n Haemophilue parainfluoenzs

was found vhich could produce pneumonia by Lltself. Thie was first described
by Patéinon, Howell, and Blliot (1957) who zeporied the isolation of s
Huemophilug-like org nism slong with swine fever virue from a pig with

preumoniae.  When & pure culbture of thils organism wes given lntra-tracheslly
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with svine fever virus, & pneumonis was produced with a definile higtolopical
pleture, differing fronm that produced by giving swine fever wirus hy itself
and was slso differing from euzootic pneumonis. Later Mathews snd Pattison

(1961) classified the organism as Huemophilus parainfluenza and on this

oocusion were able to produce pneumonis using pure cultures of the organism
by themselves,

About this time another gttempt was made to control the spresd of enzootic
pneumonia in the fleld. In Britain the economic benelit of having a hexrd
free from enzmootlc prneumonia wes obvious to a group of farmers who formed an
asgoniation termed "The Associntion for the Advancement of Virus Pnoumonia-free
Pigs"s The term virus pneunonia was used because the disease was known to
the lay public as virus pneoumonla, although there were golentific grounds for
calling it enzootiec pneumonia, the neme preferred by m.ny resesrch workers.
Tis Assovclstion was advised scientifically by Dr. R.Q. Gocdwin and Dr. P.
ihittlestone of the University of Camhridge Veterinary School, A paper wvas
published (Goodwin and Whitilestone 1960) descridving the experiences of the
aunthors in supervising the pig herds belonging to the Aassociations In this
they defined the siandards of inspection reguired and discussed the difficulty
of diagnesing the disease, referring to five different typos of lesion ene
countered in six herds which they considered to be different from enzootic
pnewnonia on account of the clinical pilcture, the pathology and the experie

mental behoviour of the diseasca, One of these conditions was desgeribed in
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more detail later (Goodwin and Whitilestone 1962). Young and Underdshl
{1960) also described n soheme for the certification of pig herds as free
from 'virug pneumonia" which was operating in the United Staties.

In recent years more information hags accumulated sbout the nature of
the asusel agent of engootic pneumonia confirvming that Lt is not a virus, and
1t hes been astablished thal it can be grown on cell fres medim and still
retein ite virulence [or pigs. Betts and Whittlestone (1963) found particles
resembling the pleomorphic organisms described esrlier by Whittlesbone (1957)
in tissue cultures from the turbinate micoss and the lungse of pigs oxperi-
mentally infected with enzootic pneumonis, Fluids from the third passage
but not from the twenbiebdh pessage produced pneumcnis in plgs but no attempt
wos made to transmit this serially in npigs.

Goodwin snd Whittlestone (1964) sngeested that certsin oriteria shounld
be fulfilled before it couvld be claimed that the csuszl agent of enzootic
pneumonia had been grown in viftro. Those were (2) the material inoculated
into experimental pige must be at lesst a 10“12 dilution of the preumonic
waterial used %o seed the culture (b) the pig incculum should induce, after
the expected incwbatlon peried, s wmacroscopic pneumonian that both grogsly
and histologically closely resembles enzootic pnewumonie esnd (o) this induced
pneunonia should be serially passeged at least once and preferably twice in
pige, sach pussage resulting in o macroscopic pneumonia that still retains

the gross and histologieal characheristlics of enzootic pneumonit. Ascording
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to thom, lovnel and Wesnlen (14997) mey have growvn the orgenism in suspendede
eell oulturse of pic lung or kidusy. Thelr own work (Qsodwin snd Whittlow
abone 196%) sabisfied the eriterie laid down end in this pepeyr they reporied
that bthe spent hind bosn grovn and pespaged bwice in plusmg elot cultures gnd
then five times in plp-lungemonclayers.  Pleomerphic ovganispe (P.0.) were
gaen dn the neumonic lungs used te gead the cultures, in the wmonol.yep
oulitures and in the poeuttonlas indused from the ocultures.  ‘this work wes
done with vhat these workers onlled the J straln of angootic pnewncnia sl
Juter they wore able i grou this agent in o medin free from eells (Goodwin
and Whittlentone 1964} and also to fulfill the ariterin they Laid down.
Pleomorphle oygenisms were found ot all steges of the procedure (os in their
earlier prper) and they concluded that there wns no Jnstificetion for the
wge of the derm virus poeuconiuc of plag {(VePePo)e It wae pointed out that
although 1% was likely that the J sgent wes a Mycoplssme fhie point had not
boen conelugively proveda.

The dsoletion ol nn organlsm cuusing enwootic aneunonis In vigs would
appear to simplify the defindtion of the digesce and enable & more positive
attltude to be taken in ite dingiosisz. Coodwin pnd Yhittlestone (1964)
hovever, used the term Yenzootio pihewwonla compleox” and dndicnted thst they
had avidenoe that tho J sgond may not be the only apent of the pleamorphic
orvganien tyve whioch will ocsuse fhe envoodic mmeumonis complex.

Phe diegrosis was alse complicated in thedr opinion {Goeodwin snd
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vhittlestone 1963) because the pathology was mot specifio and they had cne
countered pheumonic conditions differing from enzootic pneumonia yet yielding
morphologically similar orgsnlsma in tlssue culture,

vhile it is obvious that the curvent views on pig pneumonia are more
elaborate than those of the esrlier workers, there are msny unresolved problems
to be tackled, problems which are of economic importance to the ply industry
and also problems which are intringicsnlly important becsunse of the relation-

ship they have with other [undamental bilologileal issnes,



MATERIALS AND  METHODS

In this section the general moterials and methods used during the study
are detalled. The parasitological, microbiological and other gpecisl
tochniques are dealt with at the beginning of the appropriaie section of

experimental work,

Pathological BExaminstions

The specimens examined vere either plg carceses or sets of pilg lungs
obtained from sbattolirs. The trachen, bronchi, lungs nnd bronchial lymph
nodes were inspected in every case, ‘The trachea, was opened with scissors
and after external inspection and palpation, the lungs were either sectioned
several times in sach lobe with a knife or the bronchisl tree was opened
with scissorg, Those lungs in which it was thought that pulmonary embolism
mleght have occurred were examined by opening the pulmonary arteries with
soisvorg before any other cuts were mapde into the lung parenchyma. The
bronchisl lymph nodes at the hilus of the lung and the apleal lymph node st
the brenchus supplying the right apical lobe wers sgsectioned.

Pieces of tissue for histological examination were tnken from each
lohe of the lumgs in every case, vhether lesions were present or not, and
from the bronchial or apicsl lymph nodes, The traches was -lso examined
histologically in mony cases.

Yhen the body of the animal was aveilable for sutopsy a complete macro-

scopic examination of all the systems was mede and blocks of tiasue were



teken from orgsns other than the lower respirastory tract when it was thought
NECSIEATY In these cnges the upper resplratory tract was usually examined
histologically, blocks of tissue being tsken from the turbinateas anémfhe
nuasl septun.

All gross pathologlorl changes found were recorded in writing and in

addition pulmonary chenges were recorded on disgrems of the dorsal and ventrsl

surfaces of the lungs.

Histopathological Techniquoes

Fixations Blocke of tissue were fixed in 10% sgueous formol or corrosive
formol consisting of 9 parts of a saturated squeous solution of mercurilc chloride
to 1 part of a 407% formaldehyde solution, Pleces of lung vhich floated were
subnerged in the fixstive by placing cotton«wool soturated wilth the fixative
on ton of the tissue so that the cotlon-wool ccoupled the space between the
1id of the Jsr and the {ixdng fluid. After fixation the tissues were processed
by one of the technigues described helow. VWhen 1t was dealred to keep samples
of lung without embedding them, 10% aquecus Formol was used.

Nehydration and émbedding: Most of the material fixed was processed
in » series involving debydration in slcohol Qnd clearing in chloroform. Afterw
wards it wi.e vacuuwn embedded, Large pleces of lung, such as cross sectlons
of whole lobes, were double embedded in xpecolloidin and & butanol series was

ugad occasionally.
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Section Cutitlng: Peraffin ewbedded blocks were cub on Caumbridge Rocker
Microbomes at 6.8y thick snd a sledge type microbtome was used to section the
larger blocks, such ag orogs secbions of vhole lobes of & lung.

Prosen Section Method: Froson secbions were somebimes used, These
were propared from picges of lung bissue fixed in 10% squeouns formol and outb
on a ledtz freezing microtome at 10i thiok,

Staining Procedurese Iiéema’i:cx;\;‘lin and eosin were used a9 a yvoublne
atain for histologicnl seotiong, The following staine vere usaed to visualise
better and 40 give sdditionsl information about particuler eppects of the
ptructural changes which had oceurved in the lungs belng examined; picro-
Malloxy, Ven Gieson, Weigarts elastioa, Verhooff-Van Gieson, Orceln, Gordon
and Buweet's reticulin stain, Poot's retioulin stuln, periodic asid SBchiff,
Sonthgato's macicarmine, Alceisn blue, Phoaphotungsitic scid haematoxylin,
Sudan IV, Sudan Black, 011 Red 0, fToluidene Blue, Gomoritls aldehyde fuchsin,
(ram=-Tvort, Grem Yeigerly, Zichl-Neelsen, Carbol chromoibrope, Unna Pappenbein,

Feulgen.

Bxaperimental Anlwenls

Pilgs four to elight wesks of sge, of bolh sexes, were used sso oxperie
mentol eniwals. These were oblained from a herd of o lLorge White pige
managed by the Depavtment of Animal Husbendry of the University of Glasgowe
This closed hexrd iz believed 0 be free from ennootic prneumenis since it was
establighed from a nucleus of breeding anlmals obitained by hysterecitomy.

The only additions %o the herd have been & few anlmals for breeding purposos.
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wvhich were obimined from other closely supervised hexrds.

In order to check the status of the herd concerning the presence or
absence of pneumonias, in periticular enzootic pneumonia, all animels dying
have been autopsied and thelyr lungs examined histologloslily., The lungs of
a1l pige sent for slaughter were collected and were similarly examined.

This examinstion has now been sarried ocut during s periocd of slx years and
no osse of engootic pneumonia has been encountered, VWhen pigs were reguired
fer parasitologicsl experiments with_ﬁ&_ﬁgfi, the sows were farvovwed in arks
on conerete and the young pigs were kept on concrete until they were neaeded.

On the farm premises there is a fattening house surrounded by a con~
crete apron which has two completely separvate seotions. The pilps expeori-
montally infeoted with ﬁ:ﬂgggi were housed in one of these sectlions during
the course of these experiments.

The animals used in all other experiments which involved using auge
ponsiong of pneumonic lung or suspensions of bagteria were boused at the
Veterinary Hospitel. This scoommodation consisted of izolated pens with
s80}lid walls to the oelling, which could only be entered through a door
compunicating with the exterior of the building, When ocoupled by experi-
mental animals, they were attended by a stockman who had no contact with
sny other pigs in the Hospital, The animels were fed either s proprietory
nilk substitute or a proprietory sow and weaner monl depending on thelr age,

When the weather was cold infra red lumps were pub into the pens to maintain
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a comfortable envirvonment. 'The accommodation was ventilated by a small inlet
ventilator in the door of each pen and an exit louwvre type ventilator in the

roof.

Methods of Bxperimentsl Infection

Suspensions of pneumonic lung, bacterial oultures or larvae of M. apri

were administered to pigs orally or intravenously or intratracheally.

Oral Administration

The problems assoclated with giving pigs liquids orally are {a) they
sopirete the fluid (b) they shake their heads and the fluid rume out of
their mouths (o) they will not swallow i%, and gargle with it wntil either
of the previous acoidents happeng. In the parasitological experiment'the
vhole volume of larvel suspeneion given hed to be swallowed by the pigs %o
engure that thoe intended dose of larvae was received, The following pro=
cedure vwas adopted to achieve this. A 20 mle. polythene syringe waas fitted
with & needle to wbhich had been attached a plece of {irm polythene tubing
pbout 20 cms. long snd slightly ocurved, The reguired dose of larval puse
penslon wog drawvn into the syringe with the tubing eattached. Phe ple wee
restraluned in a vertical position on a stockman's lap and a wooden gag with
a hole in its centre was placed in the pig's mouths. The polythene tabing
on the syringe was passed through the hole into the pig's pharynx snd on
into its oesophfgus. The animal could be seen swallowing as the tube

entered the oesophagus, snd vhen this happened the suspension wss injected.
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The tube was removed and the syringe end tube rinsed with isotonic saline

which was then injeoted into the plg as before o help wash out the sy@ing@

and. flush the larves down into the piets stowach,

Tn an attempt to fmcilitate the procedure the pige in one experiment
were given B megms. largsotil per 10 lbs. body welght intremusenlarly sbout
15 mimates before they were dosed.

Inbravenous Administration

When blood sruples were required or materinl had to be injected intro
venously anterior vena cava punctures weve done with the pig restrsined on
its hacks

Intratrachenl Administration

Before suspensions were injected intratracheclly the énimal vas Lightly
anaesthetised with 5% thiopentone sodium given intravenously. It was then
restrainsd on its back on & board inclined at 20° to ho?izontal with its
head higher than its tadl, A LO mle. myringe‘waﬁ fitted with an 18 guage
15" long needle and £1l)ed with isotonic ssline, The needle was inserted
vortically in midline either posterior to the larynx or immediately anterior
$0 the mdnubrium of the sternum, when it entered the brachea large bubbles
of alr wvere casily drawm into the syringe which was then debached from the
needle and repluced by a syringe containing the suspension for injeation,

After the suspension had been injected slowly, the needle was withdravn and

the pig wao lifted onto ites hind end. ‘The animal usually coughed 1ighily
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onco or twice at this tinme, Recovery from the ansesthetic did not tuke

longer than 15-20 minutes.

Temporatures

The temperatures of nall experimental animalg were reecovded in degrees

Fahrenheild.



TETRODUCTION PO PATHOLOGICAL STUDIES AND  EXPERIMENTAL WORK

It has been pointed out already that one of the princiglé objectives of
this study was to investigate the histopathological changes produced by natur
ally occurring discases in pigs lungs. Singe histological examination of
lunge 1s the most frequent leboratory method svailable to oliniosl investi-
gators of plg prneumonia,; an attamp£ was made to classify the lesione according
to the hiastopathology of the changes found, in the hope that this would provide
o ressonable hasis for diasgnosls and prognosis.

A total of 376 gets of lungs were examined from the sources shown in
Table 1. The pathological exsminambions and histopathological techniques
ware performed ps previously desoribed in Materials and Methods.

Routine postmortems usuvally coneisted of individusl snimals arriving
dead at the laboratory asg a result of pneumonia oxr other diseases vhen lung
lesiong were also present. Matorial from field investigationg consisted of
dead pige sent to the leboretory, snd the specimens obtained vhen these cnses
were further investignted in the fleld. These specimens were pigs bought
from the same ferme ox destruation and sets of lungs collectsd from the
sbattolr vhen pigs from the form were slaunghtered.

fhe material referred to in Table 1 as abattolr speclmens comprised
40 lungs with pig lungworma colleoted specificrlly for this disease and 195

coges of pneunonia collected ak random from loeal absttoirs,.
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Pable 1

THE SOQURCES OF pPIG LUNGS UBED WOR THE HISTOPATHOLOGICAL CLAISIFTICATION

OF  NATURALLY OCCURRING LESIONS

Sourcae of Lungs Number of Lunge
Routine Post lMoxtems 74
Olinical Investigations on Farms 67
Abattolr Moterial 235

Total l'rom All Sources 376




As a rasult of the histopathologiesl investigation the pulionary lesions
were classified as shown in Table 2, T

After studying the spectrum of pulmonory pathology which occurred
naturally in the plg, it wasg decided to eximine aome of the conditions in
more Qetell. 'The diseases selected for this purpose were, enzootic pneumonia,

interstitial pneumonia, the pneumonia sssoclated with Haemophilus pareinfluenza

infection, snd Metsstrongylus yneuwnonia.

In Lhis thesis the pnsumonias uve dealt with consecutively in the order
ountlined in Table 2.  The patholomical {eatures of the naturally occurring
lesions sve described {irst in cach section and following this vhere it is
epplicable the sxperimente performed and the conclusions arrived at have been

ountlined.



Yable g

A HISTOPATHOLOGICAL CLABSIFICATION OF PULMONARY

LESIONS T whE  Pig

nzootic Pnoumonis

Interstitial Ponownonin
- Poeunmonia due to Haemophilus parailnfinonze

Simple acubte Bronchopuneuconis
Buemorrhagio Brouchopheunonia
Veorotising Bronchepnewnonis

Suppurative Brovchopneumania

Embolic Pneumonia

Taberculosis

Pnenmonis due to Metastrongylus apri
ity

Pulmonary Toxoplaonosis

Glent Cell Pneumonias

Palmonary Vascular Lesions

Neae 0f Coges
dramined
253

13
3

18

6

L%

14

(i
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BRZOOTIC PNEUMONIA

(1) The Pathology of the Disease Seen in the Wield

Fnzootic pneumonia was the comwonest digease affecting the lungs exemined,
When 19% pneumonic lungs were collected at random in the sbattoir, 137 (70%)
were found to belong to this group. Overall howvever, the diseese was secen
in 2%3% pigs inoluding adult breeding stock, bacon pigs, pork pigse, store pigs
and unwvenned pigs 6 weeks old. In some ecases 1t was complicated by co-existing
bronchopreuronias, Interstitisl pneunonis, or pulmonary sbscess formation,
Adhealve pleurisy wes aleo found as a complicating lesion in a number of

aninnls.

Maorosocople Findings

The loslons were nearly always bilatersl, lobular and in the anteriox
parts of the lungs (Fig, 1). The apicel lobes, cerdiac lobes; antero-ventral
region of the diephragmutic lobes and the intermediante lohe were more frequently
affected than other regions. The amount of consolidation veried considerably
and in many onses only a few lobules in the apicil or esrdiasc lobes were affected.
Thig was partioulaerly true of the abattoir speclmens., omplete or slmest come-
plete consolidation of the apicel and cardias lobes wes seen ag a result of
the lobular consolidatlon extending to affect the whole lobes The consolid-
ation in very severe cesas involved a lgrge emount of the diaphrggmatic lobes,
including the diaphragmatio suvface and dorsel border of the lobes and extended

along the basal border to the posterior tip of the lungs (¥ig. 2). Cross
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sactions of the diaphragmeiic lobes in these cases showsd extensive consolid-
ation of lobulesy within the lobes,.with a8 muoh pe fourefifths of the pul~
monary parvenchyms affecteds The subpleural lobules in the diaphragmatic
lobes were involved more frequently than the lobules within the lobes,

A small number of casgs wes found in vhich the ﬁistribution of the
leslons wus atypicel. These were cuses with only moderately extensive
lesions of the apicel, cerdiac or antero-ventral ports of the diaphragmotic
lobes and lerge patches of consolidation at the posierior tip of the dia~
phragmatle lobes on the dorsal border or along the bassl border.

Affected areas of lung were well demmrcated from normal tissue, although
the appearsnve of the lesion varied, narticularly with regard fo colour,
Sometimen they were fawn, sometimes greyish-pink snd sometimes dark reddish
brown or plum coloured. Althongh the congolidated tissue in any one animel
vas uaually uniform in eppearsnge it counld vary. Cloger inspection showed
the presence of regularly dis$ributed groups of three to four white or greyish
small epots in some cases {(Fig. 3). These varied in prominence, but were
usually very small except in long-sbanding or complicated infections.

Leslons were also seen vhich had a mottled appearsnce (Mig. 4) due to the
Juxtaposition of normal and abnormal groups of alveoll within lobules which
vere not wholly involved. Thie appearance was associated with the early
stapes of the disense,

The affected lobules were either on the ssme leval as the surrounding
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normel lobules or lower than them as a result of alveolar collapse. In

the event of thiu happening, they were gliphtly smaller than normsl and the
adjacent lung showed compensatory emphyuemso. A more striking degree of
compengatory emphysema was seen in normal lobules surrounded by consolidated
lune tigsue, particularly if they were at the edges of lobes. The cone
solldated und collapsed aress felt thin end hard and somebimes were alightly
rough to touch when the white spots descrived esrlier were large and protruded
pbove the collapsed alveoli., These white spois were related to changes
around and within bronchi and bronchioles.

Lesiong often looked glistening as a result of pleural oedemn, Jor
the smme reason Interlobular septe were dilated and more prominent than usual
in some lungs. VWhen consolidated areas were inoised they frequently oozed
goplous amounts of clear or greyish fluid and when pressed, thick, greyish
or yellow caterrhal exuvdate came out of the bronchi,

The traches wes usually normal but sometimes the trachea and the mejor
lobar snd segmental bronchi, contuined thick, grey or yellow, tenacious
caterrhal exudate,

The main bronchial and apleal lymph nodes were enlarged and oedematous
in all cases (Mg. %) The degree of enlargement was very striking in

animels with extersive pulmonary consolidation.

Microsconic Findings

Trachean: The lumen of the itrsches was usually empty but sometimes
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condained o mixture of mucus, polyﬁorphonuelear leuncooytes in various sbtages

of disinbtegration, small numbers of slveolar msvrophages, plasma cells, lymphow
eytes and desquanated epithelis) cells. The lamins propria wus sometimes ine
filtwated with plasma cells and lymphoeytes, and plasms cells could be found
frequently arvound the tracheal glands in the submuccsa even in the absence

of other changes.

Bronchi: The bronohial lumen was either packed with polymorﬁhonuclear
lzucooytes living or dead, mixed with variable amounts of mucus sand basophilie
anorphous debris or contained only amall numbers of polymorphonuclesr leucocytes
by themeselves or mixed with alveolar macrophages, plasma oells, lymphooytes
and desquemated epithelial cells (Pigs 6). The bronchiasl epithelium wes
often thickened due to hypertrophy end byperplasia of lts constituent cells.
Placsma oells were seen frequently in fhe epithelium, apperently migrating
through it. The lumina propris often conteined large numbers of plasma oells,
some lymphocytes and other mononuclear cells, but polymorphenuclear leoucocytes
were not usually numerous. Plasma cells were present in large numbers asround
the glande in the submucosa. The oslls of these glands appeored to be very
aotive in some cases and the glandulay ducts and acini were dilated and cone-
tained & fow plasma cclls or polymorphonuclear leucocytes. Aggregates of
lymphocytes were also found in the submcosa aud these sometimes formed lymphoid
nodules perticularly betveen adjecent plates of cartilage. Lymphoid nodules

were more Irequently wseen between the plates of cartilsge or a plate of



cartilage and the muscularis than in the small mount of fibrous connective
tissue outside the cartilage. In some oases, however, a few lymphoid nodulesg
ware found in this eituation.

Bronchiolesr The charvacteristic changes produced by this disense were
gseen at the bronchlolar and alveoler level, and in the case of the former
they occurred particularly in the perlbronchiclar tissues. The bronchiolar
lumina usuaelly contauined cellular exudate similar to thet seen in the bronchi.,
The epithelisl changes were also similar but the hypertrophy and hyperplasis
was more merked in the bronchioles (Fig., 7). 'The lamina propria wess diffusely
infiltrated by cells, most of which were plssma cells, but lymphogytes, mono=-
nuolear cells, some polymor, honuclear leucooytes and often one or two ecgineo-
phil lewoooytes could be seen. The chonges in the peribronehiolar tissues
vere an important feoture of the lesions and contributed more to the thickening
of the bronchiolar walla than did the cellular socumulation in the lamina
propria (Fig, 7). ‘fThere was a diffuse collection of plasme cells and lympho-
cytes, which produced substantial thickening of the peribronchioclar tissue
(Fig. 8 and Fig. 19).

A very striking development, however, weao the formation of pevibronchiolar
lymphioid nodules (Fig. 9). theve very frogquently developed between the
maseular layer of the bronchiole and the related branch of the pulmonary
artery (Mg, 10 end IMg. 11}, They also appeared very often to be associated

with the lymphetic channels in the peribronchiolar tissues. The lymphetic



vegsol was seon as a gpace lined by flattened cellg, at the periphery of the
nodules and even extending avound groups of nodules which had developed close
together (Fig. 12). Branches of these lymphatlc chennels were sometimes
gseen extending between these nodules.

Within the diffuse collections of oellg in the peribronchioler tissues,
focal concentrations of lymphold cells were seen vhich were presumebly the
precursors of the mature lymphoid nodules {IPig. 7 end Fig. 8)., These smaller
acoutalationy were either composed of m:.ny reticular cells and lymphoblusis
with some lavrge and small lymphocytes at the edze or acattered emongst the other
cells, or were predominantly a mass of emall lymphocytes with only a few of the
other cell types, The fully developed lympholid nodules had germinal cenlres
with retiocular cells and lymphoblasts, meny of which were seen in mitosis,
and smell capillsries, The reat of the nodules were composed of the other
celle of the lympboid series., Lymphoid nodules were seen extending along the
length of bronehioles in longtiudinel sections (#ig. 13)e In many cross
gectlons they often appeared fto have developed on one side of the brouchicle
where several coalesced to form a lerge mess of lymphoid tissue (Fig. 14).
These nodules sometimes extended into the bronchioler wsll and when thils
happened the adjacent muacglar layer strophied { Fig. 11 and Plg. 14). The
lymphold oells often overflowed into the lemina propris .nd the indegrity of
the epithelium iteell was often breached in & manuer similar to that which

is seen in the tonsil (Fig. 11 and Mg, 14}« The lymphoid nodule Ffrequently
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bulged into the lwmen of the hronchiole snd distorted ite well so that the
lumen appesred as a ervescentric slit (Fig. 14).

Alveolis In addition to the peribronchiolsr reactions the alveolar
ohangen were an important feature of the digease, The walls of the alveoli
wvera thilckensed due to the proliferation of alveolay cells. The degree of
thickening varied considerably. Plasma cells were also seen in the alveolar
wvalls and oconsionally a fev eosinophils were present too. The elveolar
cells had a lorge round nucleus, snd clear veouwolated cytoplasm. A almifla
cant feature of the lesion was their  regenge on the alveclar walls protruding
into the lumen either singly or in groups (Fig. 15). These cells were some-
timas seen bulging the nucleus of an alveclar epitheliasd cell into the lumen
of the slveoius., Alveoll edjacent 0 the pleura, septa or bronchioles showed
this resction to an advenced degree on the part of the wall next to these
structures. A% these sites the wall of the alveolus was covered by cuboid
alveolar cellas. Some alveolar cells protruding into alvenli were seen with
a cap of material which was frequently basophilic (Fig. 16). This appeared
Lo be in the apox of the cell, but by focussing, could often be shown to be
on the outer surface of the apex, Just outside the cell membrana.

The principle cell types within the alveoll vere alveolar macravhages
end plasme cells (Iig. 17). When polymorphonuclear lecucocytes wexe present
their numbers varied very much from case to case and also from section to

gaction in any one case. Yhey sometimes occurred in small nuwmbers mixed
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with the alveolar muacrophages and plasgma cells but were also seen completely
filling alveold and alveolar ducls. Alveolur mocropbages assuued twq main
lorms. The cytoplasm wae either densely eocsincoplilic and alightly granalar
with perheps one or two vecuoles or else it wes extremely vacuolated and
frlntly eosinophiliec. The cytoplasm in this latter type of cell sometimes
hed un eosinophilic rim at the periphery of the cell (Fig. 17}. Alveolar
macrophages vere also seen which had phagoecytosed polymorphonucleay leucooytes
or plasma ¢elly wnd some macrophages had more then one cell inside them. Bi~
nucleated alveolar macrophages ocourred and sometbimes oven larper giant cell
types were seen wilth four fo twelve nuclei and granular eosinophilie ecytoplesm
vhich was sometimes very much vacuolated (Mg. 18). The relative numbers of
slveolar macrophages to plasma cells in ony one slveolus varied enormously
throughout the lung, in most casea. Some slveoli wore full of plesma cells,
others full of alveolar macrophages and others contained rapresentatives of
both cell bypes.

Other cell types found in the alveoll were iymphocytes in amall numbers
and regulurly one o ‘two eosinophils, Alveolar oedema had developed in
nany cases snd where there was no osdems fluld numercus eosinophilic granules
were oflen found lylng sboult between the cells.

he description of the slveolar changes so far applies to lobules in
which the alveoli were expanded. In many cages however, there was alveolar

collapse (Fige 14). This happened even when the bronchiocles of the lobule
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and the bronchil were free from csllular exudute or mucus which might block

them. Lobules so affected usually hed only a small number of cells in the
alveslar lumina except a few cases in whioh they coninined many polymorphonuclear
lencoocytes. The oell types found were cimilax to those nlready described,

The alveolar wallo comtained only a slipght excess of alveolar cells within

them or projecting into the lumen.

Blood vesselss The bronchus of the pulmonpry ariery were involved in
the brouchial and peribronchiolar veactions already desaribed. In the
connectivo tinsue around the pulmonary wveins diffuse collectlons of plasms
cells and lymphooytes were also frequently found.  Lymphoid nodules developed
in these sites but were not as prominent as those around the bronchicles,
singe they were not so numerous and did not usuelly form lerge masses.

Vessels out longitudinelly were seen 1o have éggregates of lymphoid cells or
occanionally nodules scattered foeally nlong their walls.

Fleura and Septa: QOedema of the pleural connective tissue and the inter-
lobuler septa was secn in many cases, associated with dilatation of the pleural
and septul lymphatics (Fig. 19). Moderate numbers of plasma cells, lympho-
gytes and mononuclesr cells were present in the connective tissue, and lymphoid
nodules sometimes developed. These wore seen, in some sections, bulglng
into the lymphalic vesselss Plasma cells and lymphocyies were also seen
within the dilated lymphatics.

Lymph nodes: WMany nodules with large germinal centres containing
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numerous mitotie figures, in the lymph nodes. In the sinusoidal tissue
polymorphonuclear leucooytes and plasme cells could be Lound. Plasna cells
were also seen smongst the small lymphocytes outwith lymphoid nodules in the
dense lymphoid tilssue and occasional sosinophils were also scattered about

in this situation.

Associnted lLegions

Other lesicns were seen in some of the lungs which were considered
different from enzootic pneumonia, These were due to simple acube broncho-
pmeunonis, necrotizing bronchoymeumonia, haenmorrhagic¢ bronchopnevmonia,
suppurative bronchopneumonia, loteretitisl pneumomia, tuberculosis and lunge-
VOrmS e A deteilsd description of thene lesions ia given latier. Two other
lecions were seen in seven cases vwhich were othervise indisbinguishable from
enzootic pneumoania,

(a) Fibrosis of slveolar walls with gross thickening of theme sbructures

pnd distortion of the alveoll architecture oceurred ln three csses

(Pig. 20). In the fibroged regilons there was epithelislisation of

the alveoll by swall cuboidal celle.

(b) ®ibrosis of the bronchial and bronchiolar walls wes seen in four

cases,  The fibrosis predominately involved the lamina proprie of the

hronchioles, making it much thicker than normal and the magoularis wag
reduoced to a thin rim (IMg. 21). Fibrosis of the alveolar wulls and
apithelialigation also occurred in these two cases.  Peribronchioler

lymphold nodules were present but were not large or numerous.



Ddscussion

The changes occurring within the lungs were best considered at & lobular
level and on this basis it was possible to clessify them into three groups
asacording to the changes in the peribronchiolsr tissues and the alveoli,
Gxoup I |

(s Ve st eann

In this group there was a diffuse mononucleary cell in the bronchisl
and bronchiolar walls, with or without a large amount of catarrhal exudate
in the Iumina of these mtructures.

Associated.with these changes the alveoli were expanded and there was
hyperplasia of alveolar cells in or on the alveolar walls. The luming of
slveoli and alveolar ducte contalned many slveolar macrophages, many plasma
cells ond variable numbers of polymerphonuclear leucocybes.

Group 11

4 large number of well developed peribronchiolar lymphoid nodules was
present in this group and lymphoid nodules wsre algo seen in the bronchilal
walls, In addition there was wsually a veriable amount of diffuse wonow
nualear c¢ell acoumulation in the bronchisl and bronchiolar tissues. 'The
luming of bronehd snd bronchicles sometimes contained a catarrhal exudate.

The assocleted alveolar veaction was similar to that seen in CGroup I.
Group ITT

In this group thore wers many well developed peribronci-iolar lymphoid

nedules and lymphoid rodules in the bronchial walls. Tha lumina of the
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bronchi and bronchilceles sometines contalned a cabarrhal exudate, and the
walln of pome of these siructures were diffusely infiltrated by mononuolear
calls.

e alveoli were pawtially or completely collapsed with a vaxiable
nupber of slveclar eelles in or on the alveolsr walls., The lumina of the
alveoli contained smell numbers of alveolar macrophagses end plasme cells
and somebtimes lLavge numbers of polymorphonuclear leucocyted.

This olagsification is wseful for descripilve puyposes and also for
aveluating the dissase prodsss in any one oase, It could not be applisd
too rigidly however to the pnoumonis ss a whole in any individusl animeld.,
heosuso alithough in some cases all of the sections exsmined showsd lobular
changes compatlble with one of the three groups, ln others moeny lobules
could be found vepresentative of two or even three of the groups.

The significance of the thres groups of changes will be disocussed latey
when the pathogenesis of the lesion is congidered,

In the material deseribed heve the cases considered under "Associsbed
Lesiong" were obviously different hisgtologioally from the others and the
cesos with fibrosis of the alveolar walls and bronchiolar fibrosgis had fealbures
rosonbling some of the cases described as Type XI pnewmonis (Goodwin and
Whittlesione 1962). However, from the histclogy alone one could not exclude
ths poasiblility thet the lesions wers dus teo a mixed infeotlion including the
enzootio pneumonia agenb, A similay type of fibrosis was seen in pige with

obvious suppurative bronchopneumonis.
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ENZOOTTC  PNAUMONLA

(2) Introduction to RExperimentsal Vork

Daring the investlgetion of regpiratory problems in the field o farm
was visited on vhich there was sn outbresk of pneumonia causing death in a
litter of young pigs. This farm was known Yo have had a chronic respiratory
problem of the enzootic pneumonia type for e long time bubt previously there
had not been & high death rate in the young pigs. 'The deaths were confined

to one litter although others were at risk end Hesmophilus suis was isolated

from four of six plgs post-moriemed. The histopathology of the lesions wap
compatible with the sarly stnge of enzmootic pneumonia complicated by an
acute simple bronchopneumonin, .nrd an interesting feature was the absence
of many large peribronchiolar lymphoid todules,

In view of the differences hetween the disease in this litter and the
more typlcal type of enzootic pnewmonia outbreak in older pigs i.e. unthrilti-
ness, low mortality, snd lesions charsceterised histologically by both an
alveolar cell reaction and many peribronchiolar lymphoid nodules, it was
decided to attempt to tronsmit the pneumonila experimentally to study (i)
the part played by H. suis in the infection and (1ii) the serial pathology

of the digease in animsls killed at different time intervals after infection.
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(3) Desoription of Original Outbroak

The 1itder involved consisied of eleven plgs six weoks ©0ld, and was from
a Vessex Saddleback sow which hadl been mated with s Landrsce X Vegsex Saddiee
back bhosw, The farmer had thought the litder was quite healthy until one
pig wes found dead, Since this snilmal wae seen to have severe pneumonis
at antopsy the favm was visited and when a1l the pilglets in the Litter were
examiﬂad, they had temperatures ranging from lG#.ﬁQF. %o 106.8“?. Mve of
then vere obviously uvneumonic with veepiratory retes vorying from 60«80 per
minute at rost poing up te 110-120 per minute when exoited. They were dys-
prosic ond eoughed frequantly. The sow wap noymal Taokh young pig was
given 2 mgm/1b. of terromycin suboutuneously snd the treatment wps repeated
at 3 mg/lb. yhen thoy were revisited on the second day. At this time the
Lenperatures of four of them had returned within normal limits but the others
wore still as high as vefore. The respiratory embarvassment had not improved.
On the third day the alinjecal picture vas muech the same and twoe of the pigs
ware hought so that they could Be killed end pogtwmoriemed., Within the
next bten days three of the remsining pigs in the litter dled. During this
period the sow continned to be olinically normal and although sporadic coughe
ing was heerd in adjacont litters in the same house there were ne deaths or
othey signs of severe resplratory disense,

AV post-noriets on the plgs whiech died the pulmonary conselidstien
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involved from three Lifths to four fifths of the lung volume, vhereas in the
two which were degtroyed half of the lung volume was affectieds The cone
solidation affected the splesl, cardlsc, intermediste and snteroventral péf%s
of the diaphragmatic lobes in all pigs. In five of them however there was
aluo extensive pabohy consolidation throushout the diaphragmatic lobes. The
consolidated lobules varied in appearance from grey to pinkish-fawm to plum
coloured and somebtimes were lower than the surrounding normal lung, Groups
of small cresmy spots could be seen in gome of them and vhen they were
aectioned and pressed ocedema fluild snd greyish mucopus exuded from the pul~
monary parenchyma and bronchi. The bronchiel lymph nodes were grossly en-
larged and congested.

Histological exsmination of the lungs showed pulmonary oedems and large
nunbers of alveolar mporophagen, plasma cells and polymorphonuclear leucocytes
in the elveoli., %he proportions of cells varied considerally from field to
field in sny one c¢ase. The alveolar walls wvere thickened due to alveolar
cell proliferstion snd often these cells were seen projecting into the el-
veolar lumeti. Small) basophilic caps were seen on bthese cells and were very
namerous in three cases. Plasma cells end polymorphornuclear leucocytes were
seen in the alveolar walls alao,. 'the peribronchioler tissues were thickened
due to the accumulotion of plasma cells and cells of the lymphocyte series.
Around some brounohioles there were single lymphoid nodules with widely sep-

areted cells and many mitobic figures at thelr centres. The lamina proprie



- 47 ~

contained many plasma cells and some lymphocyles. The bronchiolar eplthelium
wvoas hyperplastic and lymphocytes and plasme cells ceuld be seen migrating--
through to the lumen which contained in many instences slveolar macrophages,
plasme celle, lymphocytes and sometimes large numbers of polymerphonuclear
leucooytes, Often smnll foci of necrosis and desguamation of epitheliasl
gells were seen. Similar changes were seen in the epithelium and lumina of
the bronchi and there were many plasma cells around the bronchisl pglends and
iﬁ the lomina propria. There were very few lymphoid nodules in the bronchial
walla, Small accunulations of plasma cells wnd lymphocytes were seen arownd
blood vessels and there were varianble degrees of sepial oedems,

In mony lobules with a lot of polymorphonuclear leuncocytes in the al-
veoll, bronchioles, and bronchi there was marked congestuion of the alveolar
and bronchial walls. The polymorphonuciesr leucogybes infiltration and cone
gepblon was patchily disfributed throwvghout the lobules and had the appesar-
ance of a simple acute bronchopueumonia.

seetions of traches which werse examined ghowed bsllooning and desquamption
af the epithelial cellse. Thare was little reaction in the lamina propria
but mamerous plasma cells were seen arcund the tracheal glands,  Ocoasional
aggregatos of lymphoid cells were geen in the larynx below the eplitheliwme

Some of the bronchial lymph nodes exemined were full of active nodules
with lorge pi%a garninal. centres vhereag others were magses of small lympho-

cytes, mixed with veriable nunbers of plasme eells., A small bui consigtent
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mambexr of cosinophlils were seon seabiered in ones and btwos throughout vhe
nodes. In the loose lymphatic tissue there were usually lorge numbers of
polymerphonuclear leucoeytos snd some macrophagode

Bacteriologionl exmmrinstion of pieces of lung removed aseptleally from
the pige yielded the results shown in Table 34  When impression smesrs were
examined sfter being stained by & Giemes method (Whitilestone 19578), emsll
structuren resembling the pleomorphic orgenisma deseribed by Whittlestonse
(19%Ta) were seen in all pilgs, Aitempts to grow mycoplasms from twe of the

Plgs on solid maedis were unsucceasful.



.'a49n

Tebla 5

RESULES  OF BACTERIOLOGICAL EXAMINATION ON THE ORIGINAL PIG  LUNGS

Pig History B"“’;iﬁii;gmal
9226/%3 Died Haenophilus suils
4226/54 Degtrayed Negative
9226/55 Destroyed Hoemophilus suls
9226/56 Died Dordetelle bronohisepticus
9226/57 Died Hoomophilus suis
9226/58 Died Heemophilus sguls

Pagteurella muwliocidn




ERECQTIC  PNEUNMONIA

{4) Pwensmission Bxperiments

The experimenial frapsmicsions carvied out with material from the oulw
renk of puneumowia deacrived in the previous section csn be ¢lassifled inteo
o groups. In ane)io% suspenglon of pnevmonic lung in sierile nermal saline

vers nsed and in the othey pure oultures of H. suie in broth.
sk e e i

Materialds and Methods

The plgs uped were 2«4 weoks old when infected snd were housed at the
Veterinary Hespital in the aocomodation described in Materials and Methods.
A1l of the pigs were infected intratracheslly under light sneesthesin as
dogeribed garlier. Prior to iufegtion they vwere exnmined clinienlly snd
their temperutures recoyrded., During the coures of the experiment these
prosedures were repeated overy day, wnd tempsratures over IOQ.ODF. WOrs oon-
sidered significant, The oultures of H. puls were supplied by Mr. M, Grindlay,
Department of Bacteriology, tniversity of @lasgow Vetewinary School. Tha
vhole lung suspensions ware made by grinding pneuwmenio portions of lung,
whioh had bheen removed aseptieslly from the pigs, in a sterile mortay with
sterile carborundum and 2«35 mis. of sterile normal galine. VWhen the tissue
had been sabisfactorily grownd more seline was added to give o 10% suspension

end thiv was sllowed 1o sebtle oui on the beneh for five winutes,. he



- 5L -

supernabent was poured into sterile universel bottles, and theme uwere ocentvie
fuged for ten minutes at 1500 r.p.m. to renove any rempining carborundum and
lorge tissue particles. After eentrifugnition the supernatant was transfeprred
to another sterile wniverssl hobtle and this was used to infect the experi.
mondal andnalss On  one oeccnion s suspension of sterile normal lung was
required and this was prevared by auboclaving pieces of normal lwng in sterile
univergal bottles pricr te grinding the lung with cerborundun.

Experimentel animals were killed by snaesthetising them with 64 pentoe
barbi%&ne podium and then blseding them to death from the femoral or brachial
blood vessles. The specimens foxr bhacteriology and pleces of pnewmonic lung
for trensmission were then removed asepticslly. lmpression smesrs were rade
of the out surfacge of pneunonle lesions and stained by Giemss. Seven blocks
of tlssue were inken from the lungs, one from the trachea and one from the
bronchisl lymph nodes of each plg for histological exnmination. ‘the lung

histology consisted of tissue from cach lobe of the lungs.

Haemophilug Teansnisalions

5 wlg. of & broth culture nf H. suig, iszolated from the flrst pig which
died, 9226/53, vere given intratrucheslly to two pigs, Table 4. tVhen they
vere killed naven days loter there were no lesions in the lungs and the
vrganisn covld rot be recovered from pileces of lung examined bacteriologiocally.
The animals, 14799/5 erd 14799/6, had been apparently normsl during the

course of - the oxperiment but both showed o slight temperature rise, to 104.2
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Table 4

RESULT OF INFECTIONS WITH HAEMOPHILUS SUIS

226
(Dlied)
Haemophilus
I
| I
14799/5 P=oH=. 14799/6 P-.H-.
9226/55
(Destroyed)
Heemophilus
i
Sterile Lung
[ ’ 3
14799/1) P-.E-. 14799/12 P=.H=-.

P-. No pneumonia. He-. Haemophilus not cultured.
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el 104.6 vespeotively. This cceurred in 24799/5 on the third and fourth
 deys and in 14799/6 on the fourth ond £ifth days.

Haemophilue suls was also vecovered from case 9226/55, one of the 4uo

pign which vere destroyed, and 5 mls. of o broth culture from this pig were
given intrelracheally to two pigs l4?99/ll and 14799/129 Tekle 44 Tn an
attempt to provide a stimulus for the organiams Ho prolifevete 3 uls. of

a 10 suspension of sterile normal lung were given at the same timo. A%
post moyltem geven days latey these animals had no pulmenary lesions and no
organisns wore recoversd fvom the lungs. They had been olinleally normal
during the period of the experiment and their temperatures had stayed within

novpal limits.

Transmisaions with Sugpensions of Pneumonic Lung

Case 9226/55 ves also used as the gource of material for this series
of transmisazlon, which is sunmarised in Table 5.

fwo pige wvere given 10 mls., of a 10% suspengion of pnoumonic lung from
9226/55 and killed seven days later. Both pigs had moderately exiensive
pale pink pabtuohes of conselidation and when the lungs were examined bacterio-
logicglly H. auis was recovered. 5 mls, of a guspension from one of then,
14799/2, were passaged into two more pige with the same resulte uhen they
vere killed seven days later. VWhen the passege was continued in two pigo,

uging materisl from 14799/8, which hed contained H. suls, the organicm wos
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Table 5

RESULTS OF SERIAL TRANSMISSIONS OF PNREUMONIC LURG SUSPENSIORS

AT OSEVEN DAY IKNTERVALS

9226/55 P+. H+.,

14799/1 P+, H+, 14799/2 P+. H+.
14799/7 P+. H+, 14799/8 P+. He.
14799/9 Pe. Hes 14799/10 P+, Ha-,

l |
14799/13 P+, H=-. 14799/14 P+. H=,

| |
14799/19 P+, H-. 14799/20 P+. He,

P+, Pneumonia present H+, Hremophilus cultured

Pe«, Pneumonia absent He, Haemophilus not oul tured
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not recoversd abt sulopsy seven days laber and only oxne of the pigs had patches
of phewaonis, Pneumontc lung from this animal 14?99/10, was papsaged into
two more pilgs end seven dsys labter both pige hed pnewnonis alt autopsy which

wvas quite extensive in one mnimel. Haemophilug suls wes not recovered from

oither of these pige. A suspension of lung was prepared from the pig with
good Jesilens, 14799/14, end 10 mls, were given intratracheally to two more
piss. These were hoth found to have pneumonis geven days later although

H, suls was again absant,

Prneunonic lung fyrom the two pigs involved in this last passage was
pocled and a 10% suspension was prepared from vihich four pige were given 10
mle, Intratracheally, Table €. Tuo were killed eight veela lader and the
other two vere killed 12 wecks after infection. A% postwmorbom all of them

had extensive puenmeonia and Hsemcphilus suis was pold present. A none~

haemolytic Shreptococeus was isolated from one pig 14799/24 killed at 12

weokd.

Pleomorphic organisms were ceen in the impression smears made from
the lungs of all of the pilgs invelved in the passsges oublined in Table 5
and Table 6. This inoludes 14799/9 vhich had no macroscopic lesions but
had histological changes ssacclated with the early stegses of the disecase.

Whilo the previous series of transmissiong was being carrled out it



Table 6

FINAL PASSAGE OF MATERIAL FROM 9226/55

14799/19 P+. H-.  14799/20 P+. He.

Pooled Sample

| | r |
14799/23  14799/24  14799/25 14799/26
P+. H=, P+. H=, P+¢ H=. P+ Ha,
Killed at 12 weeks Killed at 8 weeks

P+, Pneumonie present, He, Haemophilus not cultured.
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| wan deoldsd o test the eoffect of a2dding antiblotics to the original lung

material in ovder to suppress the Haemophilus organism,  Accordingly a 10%

gugpengion of lung from 9226/55 was preopaved. This lung had been kept for
three woeks at - 5060. The suspension was divided into two aliquots and

100 1,U, of penicillin/ml. and 100 pgm. strepbomycin/ml. were added to one
aliquot half an hour before the pigs were infected. Bach pilg was glven

10 mls. of the suspension mps sghowm in Tsble 7. When they wers killed after
three weeks there were no lesiong in the snimels given the suspension Lo
vitich sntibioties had been added and H, ouis could not be recovered. Patches
of pnoumonia vere found in the other two animals however and H. suls vasg rew
covered from these.

it vas decided to test the effect of the same antibioties on suspensions

with Haemaphilus; a3 material was being prepared from 14799/14 in the seven
dny pasapge veries, some of it was treated sa before with penicillin and
streptomyein and 10 mls., wore given intratracheally to two pigs, 14799/21
and 14799/22, at the same time as 14799/19 and 14799/20 were infected with
the untrested sngpension, Tahle T, When the plgs were killed seven days
leter those given the unireated sugpeonsion had patches of pneunonia vhereas
oiie of the piges given the materiel preireated wiith antibiobios had no lesions

an the other hed only s smell lesion., Haemophilus suls was nob reccevered

fyrom any of the pigse



‘Table 7

TRARCSMISSIONS IN WHICH PiNICILLIN AND STREPTOMYCIN WERE USED

With Antlbzipt oB
I | I 1

14799/15  14799/16 14799/17  14799/18
Pey He, Pe=e He, P+, He, P+e H+,

14799/14

With_Antibiotice

14799/19  14799/20 14799/21  14799/22
P"‘. Hﬂ. P+ B-. Pay He, Pee B..

Pw. Preumonis present. Li+, lYaemophilus cultured.

P=s Pneumonia absent Hee Haemcphilus not cultured.
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Jontrols

During the period of these sxporiments four pigs were housed in the
same sccommodation as the experimental animals but not in direct condaot
with them. When they wers killed ad the end of the trancmisgsions ao
lesiong were gseen in the lungs and they were basteriologleally sierile.

o pigs were infeoted with 10% suspension of normul lung and when
they were killed seven days later there wers no maoroscopico lesiong in the
Iungs, Histological examination of the lunge showed that they were essenbe
iglly normal. A few nlveoli contaivned an occasional alveolar wmacrophage

but there were no changes in the slveclay walls or pewvibronchiolar ilssues,

Discusaion
TN o T A D e Ay T

The Haemophilug orgonism used in these exporiments was ipolated in

Glasgow and sent to the Agrioultural Research Council’s Ingtitute at Compe

ton, Berks., for typing and gomparison with their gtrains of H. pavsinfluengae

(Mathews, and Patbtison 1961). It was Found that it would grow in the absense
of X factor but not without ¥V factor. ‘There was a waak posiibive precipitation

with H. suig type A4 sera but no reactlon with seora prepsved from H. pera-

influenzae and the conolusion reached was that the (Clasgov organism was a

L L

fﬁLiﬁﬁiﬁ gimiler to strains from the National Colleotion Type Cultures, These
findings vere in sgreement with the pathology since the lesions in the ordginal

outbreak and in the subsequent passages when He suls was present, were not like
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the poneuwmonia deserihed later due do H. pavainfinenzae, which l2 similax to

the pneumpenia produced by the Compion organism.

Haemophilus suls wos not necessary for the develepment of pneumonia in

axpevimental animals and even when it was present the seme vespiratory dlse
treas a9 seen in the original outbresk did not occour. The orgenism in pure
culture wag incapoble of producing pulmonayy lesions, Thesa resulis gonld

be interpreted ms showing thot Ha suls wnlike M. parsinfluenzae is unable to

osuge disease by itself and can only act ag a secondaxy invaders. On the
other hand they might have been due to the resistance of the experimental
andmale or to the fact that there wes a loss of virulence after culture, A

problem of a gimilar natore has been encountered with P. muliooida, snotheoxr

pgent agsociated with pulmonayy lesions in the pige Heomophilus suls is

thought by some vorkers 1o be respongible for GlBsser's diseasey charactevised
by polysevositis, meningltis and arthritis (Bukes, Nilsson and Thal 1952).
There wvag no arthritis or serogitis in the pigs invelved in the originzl oute
break and vhen the brains of the animals were exawined histologlcally they
wers noxmel. The pige infected experimentally with He suis cultures or Jung
gontaining H. suis developed no lesions of Glasser's disease either.

The succegs in passaging the pneumonia with bacteria free material and
the prasonce of pleomovrphic orguniems sugeest that the enzootic pneumonis

 agent vas involved in the originsl outbreak and this was confirmed by the
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pathology, (te he desoribed), in the expevimental animels, perticularly those
killed 8 asnd 12 weelks nftey infeotlon. One of the intevesting features of
thia opganism 1s its eapability for readily prodvceing dimesse in experimental

snlmels compared with other agents such as H, suls and P, multosida and an

even more olosely related orgenism Mycoplasma mycoides.

The experiments using suspensions treated with antibiotics geve rether
unnsual resulis, The enpooiic pneumonia agent is not suseeptible to anti-
bioctles in vitro (Betbs and Campbell 1956) although sureomycin and bevcamycin
have & propaylacile effect in vivo, aud one would therefore not heve expeciad
the result shown in Table 7 when the transmimsion was made from 9226/95.

This indicated that the sgent was elther dependent on H. suis for the esiablish-
ment of infection or that it ltself was susceptible fo penieillin and streptow
myein. The result of the second transmission with antibiotics i.e. from
14?99/14, iz equivooanl in thot amell lesions uwore established in one pig snd
therafore the agent was not, at any rate, completely suscepiible o penicillin
and etreptonyein although 1ts infectivity weo appovently reduced, The number
of pigs involved lg too small howesver to allow sny definite conclusions to be
made on this point,

An Interesting and important feature concerning the antiblotic sensltivity
of the sgent is that the sexries of ftrangmissions using pneumcnic lung was started

from a pig wvhich had been trested for two days with terramycin lmmsdiately bafore
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the first trensmission was made. Thig confirma the flnding of other workers,
quoted earlier, that this antibiotle has no therspeuntic value in the {reaitment

of thle disease.
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BNZCOTIC PWEUMONTA

(5) The Serinl Puthology of the Experimentally Produced Disense

The pathology of the preumonia which ogourred in the experimental pilgs
infected with guspensiong of pneumonic lung deseribed in this secbion. This
work had two objects (i) to confirm that the originsl outbreak of pneumonia
wos due to tho enzootic pnewmonis agent and (ii) %o study the pethogenesis
of the lesions by serlal killing of the expewimental animals.

A3 @ result of the transmission experinments described in the previong
section, the lungs of fifteen pigs (Tuble 8) vhich had been killed at four
differsnt stages after infection, nansly one week, three weecks, oight weeks
and twelve wesks, were avellable for investigation. A1l of those pigs had
been infected with puneumenic lung suspensicns in the mannmer described lp the
pravious sechbion, and the clinieal examinations outlined esrlier were mode

duxing the courge of the experiments,

Clinicel Observailons

Tewparatures in exceas of 104.0°F. were recovded in all but four of
the pige on sporadic days throughout the perviod of infection but not earlier
than two days aifter Infection., [Eight of the pigs vhich were kept for one
week were heard coughing doring this period. Thig took the form of a Light
cough or the third or fourth day but was usually guite hargh by the sixth to

seventh dayse In the snimals kept for longer perilods of time coughing wes
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Table 8

WILICH "THE SBRIAL PATHOLOGY 18

GBSG NO!

Nos of Wecks when Pigs
ware killed aftsr Iufectioa

14799/1
14799/2
14799/7
14799/9
14799/10
14799/13
14799/14
14799/19
14799/20

14799/17
14799/18

14799/2%
14799/26

14799/23
14799/24

1 wesal
%

)
&
)
@
st
o
1)

% weeks
1%

8 woeky
1]

12 weoks

”
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heard and continued until they wore slaughtered, Towardsy the end of the
fivat week the respirvatory sounds on suscultation were usually broncho-
vesiculay insplrations with vesioular explrations hut bronchisl bresihing
was hesrd in three of the anlmele kept for longer periods of time. Sibi~
lant ronchli were also heard, even during the first wesk. Respiratory
rates vere recovded initially but becnuse of the fluotuations duwe $o gxeite~

ment this was not conitinued for all of the pigs.

Pathology

ST T e

in the following deacription the histopathology of the pneunonic lungs
will bae given after the meoroscoplic features of the lesions are oubtlined.

1 Vesle

T Sl oy

The affected lobules were usually pale pink and were found in »ll the
lobes of the lunges slthough the apleal, wnd cardiac lobes were involved in
overy ocasg. The legions in one snimal were derk red and in another gieyish
pilonks Ocoasionally the lobules were slightly lower then the surrounding
lung. Taking the group s a whole the consolidation was net extensive,
sinee the amount of lung involved was ueuelly only two to thres tenths of
the total volume., ‘'The bronchial lymph nodes wevre enlavrged.

% Veeks
The consolidation in these plgs was distributed in the apical loben,

cardisc lobes, intermediaste lobe, end anteroventral portions of the diae
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phragnatic lobes. ‘the whole of the apical snd eardiac lobes were lnvolved,
The leaions were quite exltensive with about four to five tenihs of the lung
voiuwne involved in each animal. The affocted lobules were fawn coloured,
feld quite firm and wore on the same level ag the surrounding normﬁl Long,
On seciion oedema fluid could be expressed from the cut surface snd o smwall
amount of grey mucopus from the bronchi:  Completely consolidated tissue
sanlk in corrosive formal.

The brounchial lymph nodes vere markedly enlarged,
8 Vieoks

There was modersbtely exlensive aongolidation with three to four tenths
of the lung affected in both animagles, and the anterior parts of the lungs
vere involved (Iieg, 22). The leslons wewe darker in colour then those seen
at three woeks, being dark red, end when they were inspected closely, small
groups of white sputs could he seen in some lobules, Pawts of the affecied
lung were slightly cellapsed, On sectlon cedems fluld could he expressed
from the ocut swrface bubt there was not much maco-pus in the bronchi.

The bronchial lymph nodes were moderately enlarged.

The pneumonin in these pigs was similar in extont and distribution o
the lesions seoen at 8 waeka, However all the affected lobules were obviovsly

ecollapsed and were davk red, In addition Sthey felt thin., The bronchial
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system conteined virtually no muwcospus,

The bronchial lymph nodes were moderately enlarsed.

Higtological examination of the lungs, traches and bronchial lymph
nodes from the pigs showed the following chavges.

The most obvious changes ot this early stage were seea in the alveoli
and the lumina of bronchioles and bronchi.

The alveolar changes gould be divided into two beale types both of
which were geen in any individusl gnimal but usually one was more extenslve
than the other. 'fhey weve (i) alvenlsr collapse of verying degrees, from
partial to alwost complete, wiich affected whole lobules ox pevts of lobules
(Figs 23). _The alveolny walls were thickened by the multiplication of
alveolar cells within them. These usually did not appesy to protrude into
the lumen, The lumina of the alveoli contained a mixture of alveolar macro-
phages and polymorphonuclear leucooytes bult gometimes only the latter cells.
The alveolar cells und nacrophages had layge nuclel in welation to the smount
of cytoplasm which was not veouoleted bul was sometimes lightly basophilic,
(i1) the alveoli were fully cxpanded and thore were meny cells in theix
uming (Pig. 24). ‘hese were alveolar macrophages and polymorphonuclear
leucoaytes wainly (Fig. 25).  The alveolar macropheges had variable amounts

of aytoplesm and many vers vacuolated. Incressed mumbers of alveelar cells
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wvers geen in the slveclar walls and often they protiuded inte the lunen
(Rige 25) The alveolser walls weve thinper than in the collapsed aveas
and the alveolar cells were scatiecred about in ones or twos and only
ocoasionally in small groups.

In some pigs thore were patches of mlveclar cedems and the septal and
peribronchisl lymphatiocs were slightly dilated with oedemsa fluid and oone
tnined oells similax to thoge seen in the alveoli. Small numbers of othor
eall types usually only ocourring singly were seen in the alveoll, They
vere cogincphila, lymphooytes, plagma c¢ells, and large cells with very basoe
philic cytoplasm and a densly staining nucleus vhich were either plasmablasts
oxr lymphoblaste. A multinuclieated giant cell with vacwolated cytoplasm
which had phagoeytosed a polymnorphonucleanr leuceooyie vas seen in one pig.

The lumina of the bronchioles was sometimes filled with & mass of cells
like those in the alvenli but usuelly there were more polymorphonuclear
loncooybese The bronchiolar epithelium was hyperplastic to vayrying degroes
end polymorphonuolear leucooytes sould be seen migweting through it, There
wss usually not much thickening of the peribronchielar tissues and they only
contained a feov cells of the lymphooyte series plus plesma cells. Retieular
cells with large elliptionrl, palely staining nuclel and no obvious cytoplasm
vere sean. Small numbers of lymphooytes and plasma cells oocourred ian the
lamine propria of the bronchioles, Occegional diserete lymphoid nodules

had developed in the pexrdbronchiolar connective tlssuwes. In wost pigs only
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ona was found and they neither sonteined germinal centres noy infilirated
the adjacent bronchioler well,

Small aumbers of lymphieceytss and plesma cells vere found in othey conn -
ective tissue sites suoh as avound pulmonary velns, and in the interlobular
sapta and pleura. Single eosinophils were scen in these sites mixed with
the other cells anid slso lymphoblasts or pleswmablagtsd

The lumina of the bronchi coniained an exudate similer to that seen in
the bronshioles but there wes more mucus mixed with thé cells,  Smell numbers
of plasms, cells were seen eround the bronchiasl glends and in the lamine propria
Tymphoeytes and plasma cells were present in small numbers. A% some points
polymorphomiclear leucocytes wers seen migrating through the eplthelium.

When the trachen was examined chenges gimilay to thosse osecurring in the
bronchi were seen.

The sinusoids of the bronchilal lymph nodes were flooded with polymorpho-
nueleny louncooytes. The dense lymphatlie tissue contasined many mitotic Tigures
and lymphoblasis but no definite organisstion into lymphoid nodules with germine
al centres, Onee more a small but significant nmwnher of eosinophils were seen
scatterea anongst the otheyr cells,

3 Ueoks

A% thig stage the two siriking festures seen when seciions verae examined

with the low power were s heavy ceililar sscummuletion within expanded alveolil

and considersble thickening of the peribronchiolay connective tisswe (Fig., 26).
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The latter was due primarily to diffuse accumulation of cells buté lymphoild
nodules also ocourred singly or in small grovps.

Thers were many more cells in the alveolar walls end lumins at this
gtage than in the expanded alveoli al one weeks. The slvevisr walls vere
very g¢ellular and swollen by large numbers of alveolar cells with c¢lear or
vacuolated c¢ytoplasms Mitotic figures sould be zeen in gome of these cells.
Many of them protruded into the alveeolan lumen either singly or ceven in
small groups and some alveoli particularly those adjacent to bronchiocles,
blood vessels, interlobuler septa or pleurs, had an almost continuous cuboidal
layer of these occlls on their walls. Some of the cells had caps of material
on their luminal apioes vhich were usually bssophilie, to varying degrees of
intensity. Plasma cells, lymphoecytes and polymorphonucleer leucocyies were
aleo seen in the alveolar walls and in the walle of rlveolar duots,

Alveolar macrophages occurred in lavge numbers within the alveoli and
in addition considerable numbers of plasmablasts, immature and msture plasme
cclls and lymphoecytes could bs seon (Fig. 7). Polymorphoniclear leucocytes
vere pregent and a small bub consigtent aumber of sosinophils were obsexrved
seabtbered singly awmong the other sells, Ogoaslonally multiinucleated gilant
cells were found, Some alvesli contained ocdema fluid snd in others there
vas a granvlar eosinophilioc precipitate between the cellsg,  Although the
overall pleture was dominated by slveoclar expansion some fool with partiel

alveolar oollapse of parts of lobules vere geen,
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The marked thiokening of peribronchiolar blssues wag due o the accumie
Iation of largs punbers of lymphocytes, plasme gells and cells vhich were
oither lymphoblaosts or plasmablasts (Fig. 28)s Larse reticuler cells were
algo prominent., At some points well formed lymphoid nodules had developed,
often with zerminal cenitres. These contained rediounlar ocalls and lympho-
blosts and there was considerable mitotio zmctivity: OSmall groups of lymph~
0id nodules ocourred itogether nnd the lymphocoytes and plasme cells at the
periphery of some of them infiltrated the laminag propria of the bronchiole
ceusing atrophy of the muscularis ond distortion of the bronchiole wall,

In the laming proprig of most bronchioles there were plasma colls and 1ymphoe
eytes particularly the former, and these could be seen migrating through

the bronchioclay epithelium which was hyperplastic. Within the bronchiolar
luming there was & mixfur@ of polymorphonvelear leucoeytes, alveolar macro-
phages, and lymphooytes and plasme cells. Polymorphonuclear leucosyies
often predominated.

Considerable sceunulatlons of colle similar to those in the perie
bronchiolar tissues ocecuvrred around Dlood vessels and could also be g2en in
smaller numthers seatbered diffusely ov in smell groups in the conunechtive
tigsue of the pleura «nd septa snd saround bronehi. Single eosinophils were
geen talilng part in the reaction in the peribronchiolar tissves, and in the

agpla, in the pleura, end in the perivasculayr lssues.
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within the bronchi ihere w&s‘a varisble mmount of mucus, polymorphos
nuclear leucocytes mnd sméller numbers of the other cells meen in the alveold,
_Eﬁe epithelitn was hyperplestic and immediately helow it ware‘ﬁgﬁy plasma
cells and sone lymphooybes.  These cells and occusional polymarphonucleawr
lenoocytes could be scen migrating throvgh the epithelium. ILarge numbers
of plusma cells occurred around the hronchial glands and thore was inorsesed
glanduler aoblvliy.

The changes in the trachen vere essentially the same as in the bronchi
but the exudate in the lumen wes scanty.

The bronchiel lymph nodes showed the fenbures seen at one week but in
addition to polymorvhonuclear lenococytes, plasma cells were found in vhe
simteoids. Lymphoid nodules with germinal centres had developed and small
numbers of eosinophils were detected throvghout the node.

8 Weeks

The peneral appesrance of the lesion et eight weeks was due to an active
alveolar raeaction similar to that seen at three weeks bub many larger patches
of collepse had developed. There was a significant increase 1n the number
of peribronchiclar lymphold nodules vaieh were very numerous and corlescing
to form large groups. Lymphold nodules socounted for mest of tha.peri-

bronchiolar reaction. The lunmina of mogst of the bronchi and bronchioles

conbained very little exudate,
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The oolls oking part in the slveolar reaction were those seen at three
wecks, but in meny alveoli there were greater numberz of plesmgcells. In
gthers although they were still expanded the number of cells of all types
uas decreasing., A ainilar decreasse hsd taken place in the number of alveolar
cells in the alveoler walls and protruding from the alveolsr wallgs  The
Lumina of the alvepli In aress showing partial or almoet cowplete collupse
uonally conteined only a few plasma oells, and alveclar maorophages. The
alveglar walls had only & slight excesns of alveolar cella. The alveolar
ducts in meny of thege sreug wore still patent so that the lung had a patchy
appearancea.

Assoclated with the alveolary changes was the development of a large
nomber of lymphoid nodules with germinel centres (¥ig. 29). They were geen
pringipally in the peribronchiolar tissnes but slso somekimes beside pulmonary
veing or in the gops between the bronchia) certilages, or in the commective
tilssue of the septa and pleura. 'The peribronchioler nodules often ocgurred
in groups of thyee $o four csusing distortion of the bronchial wall and
gollapse of adjacent alveolis. They could sometinmes be geen bulging into
peribronchiolar lymphatics, The eells of the follicles wore composed of a
high peveentage of reticwlar cells, lymphoblaste end large 1ymphoujtas.
Mitotle figures were numerous. Many plasme cells ware mixed with the lymphoe
gytes at the periphery of some follicles and the adjecent peribronchiolsy

tigsues contained large numbers of these cells, In addition, infiltration
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of the lemins proprias by theso vells was frequently seen producing looal
thickening of this layer. Atvophy of the muscularis had taken place snd
pometimes there wus exbVensive infiltvation of the bronchiclar epithelium

so that 1% was almogt completely disrupteds Avound the rest of the bronchw
iole the epithelium was hyperplastic and there vere fewer plasws cellsg and
lymphooytes in the laminag propria. Mogh bronchiloles contained very little
oxudate, but when it oceurred it was similar %o that seen abt three weeks,

There were large numbers of plasma colls, lymphocytes and plasmaw
blagtes or lymphoblasts asround the pulmonary veins gnd groups of these cells
also ocourred in the sepba and pleurs, sometimes forming small aggregotes.
Eeginophils were seen in the sibtuations desoribed earlier,

The bronchial changes only differed {rom those at three wesks in the
abgence of n soplous exudate in the luwmine of most of them. The tracheal
changes were also similar except that in one ¢ase e small group of lymphoid
eells, mogtly lymphoblasts was seen among the wany plasme ¢ells around the
tracheal glanda.

‘Yhe bronepial lymph nodes regembled those exsmined at three weeks,

12 Weeks

Although nmost of the bronchioles and bronchi seen in section were patent
there was widesprend alveolar collapse at this shege. Most of the bronchiolen
in these lobules had lymphoild follicles elther singly or in groups in the

poribronchicler tissues (FMig. 30). Adjecent to collepsed lobules sxpanded



lobules or lobules with foel of expsnsion and collapse were peen, with a
aiﬁilar peribrenchiolar reastion but virtually no alveolar vesobtion.

The lumina of collapsed alveoll were irequently devoid of cells and
the alveolsr walle appeared to be almoat noruml. Some of them however did
oontain a slight excess of alveolar c¢ells wlth plesma ¢ells and alveolar 080L0-
phages. A fov were full of polymorxphonuclear leucocyies.

The peribronchioler follicles on the whole were more disorete in that
they often did net spill over into the lamina propria of the bronchiole snd
the adjacent musouleris was indect, In addition many of them contained
greater numbers of small lymphocytes than at earlier stages and there vas
a decreass in the numbers of plasma cells and lymphooytes in the bronchiolar
wall &8 a whole. The reticular cells had become prominent in the centres
of some follicles as clear spaces with a centrel nucleus outlined by dark
nmagoes of small lymphooytes.

The other connective tissue zones, around bleood vessels, in the septa
and pleurs showed siwiler changes. Qoeanional eocsinophils counld otill be
found., The alvecli vhich were expanded; in lobules with peribronchiolar
lymphoid nodules, were substantlally normal or contained scatitered represents
stives of the oell types described enriier as taking port in the alveoiaw
reaction,

The most obvious changes in the bronchi and treches were the many

plasms eells around the muocus glands and the presence of lymphold aggregates
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ow evon a fouv true nodules in these gites. Theye wvas very little emdate
in the lumina of these structures and most bronchl were vivbuully emphy.
Plasma ocells and lymphocytes could still be found in the lamina propris and
aloo migrating through the epitheliwm whieh was not hyperplastic. BSmall
nubers of polymorphonuclear lencoeytes were also seen in the eplihelium,
The bronchiel lymph nedes diiferad from those seen earlies beocause of
the lorge humber of smell lymphoecyites in the lymphoid nodulese The phen-
omenon by which the reticular cslls beesane cutlined by small lymphocytes

was also to be moen.

Digenssion

Yhe pathology of the disease in the experdmental animals wvas similaw
to that in pige vhioh hed become infeoted with engootlc puneuvwonie in the
field as desoribed in section (1). It would appear therefors thet tho ene
200ti¢ pneumonia agent was involved in the oubtbresk of pneumonia vhioh was
the source of the experimental material, The results of the transmission
experiments confirmed ithis beoczuse the pneunmonlsa was serially passaged with
bacteria free suspensions of preumonilo lung.

Most of the features of the origlnal pneumonia were found in the pigs
killed at three weeks. 'The patohes vwith severe congestion of slveolay walls,
vory denge infiltration by polymorphenuclezr leoucoeyies in slveoli, bronchioleg

and bronchd snd the gongeption of blood vessels in bronchioclar walls with
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fosel necrosis of bronchiolar eplthelivm were not seon, It is inferved
therafore thet these changes were produced by & secondaxy broachopneumonia

caused by H. suis din most of the pigs or B. bronchiseptious or P. multocida

IR YT Sl

in those from which these organisme were isolated. It was not possible o
prove this experimentally either by injecting cultures of I, suig or even

by infecting snimsls with pneumonic lung containing H. suis., There wag

ne higtologiecal difference between the Iungs of the pigs killed at one weck
from which He suls was isolated and those in which it was absenty it is
therefore pasumed that the organism played 1ittle parb in the lesions scen
at % woeks, pinoce none of the festures characterisiic of en acute simple
bronchopnennonia were seen.

inder favourable conditlons the lesions of enzootic prneumonia will
rasolve. Thias is known Lrom the lower incidence of lesiocns found in sows
(Shanks and Mgcpherson 1955) and from the experimendal work of Lsonek and
Boxnfors (1957)« The latter authors showed %hat 18 of 23 pigs, all of
vhich had radiographio evidencs of pneumonia at ene month, were radiographic-
ally negative at four months. This vwas confirmed in three of them at% poste
mortem. One month later it.e. five months aiter experimental infection, no
macroscople lung lasions were seen in the remmining fifteen when they were
killed,

Apsuming thet there is some temporal relationship between the different

higtopathologioal features of the lesiona it is possible that the sequence of



eventa is ag follousiw

(1)

(11)

(114)

(1v)

(v)

Small patches of alveolor collapse end alveolar ceoll hyperplasia with
some alveolar magrophages and polymorphonuclear leucooyies gecumulabing
in the alveolar luming.

This dg folloved by merked hyperplasia of slveolar cells, re~expansion

of alveoli, and the accumilation of many slveoler macropheges and Poly-
morphonuclesr leuwcooytes within theme  The maecrophsges are derived

from some of the proliferating alveclar cells. Alveolar cedemas develops,
At the seme timo a8 (1) and (ii) plasme oelles and cells of the lymphow
oyte series begin to accumulate in the conncotive tissues of the lohule
in inoressing numbers, particvlarxly in the perdbronchiclar tissues buit
also arcund pulbmonazy veins, and in the septa and tho pleura.

The composition of the cellular exudaie in the slveoli changes due to

the appearance of plasma cells and their precursoras, At this stage
there ds definite diffuse thickening of the psribronchioclax tissuves by
reticuloy cells, lymphoblasts, and plasma cellss Yhe proliferation of
azlveolar cells oontinuas,

Many lexrge lymphoid nodules with gerwinal centres inoluding a high pro-
portion ef lymphoblasta, feorm in the peribronchiolar and other connective
tisgue sites, There avre nov many plasma cells in the alveoli zwong the
other ¢ell typos.

The number of gells in the alveoli decreases and extenaive alveolar
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colinpse ocours, There is also a veduction in the number of alveolar

cells in the alvoolar walls,

{(vii) 4% this stage the alveoll ave still collepsed ut many sre otherwise
normal.  The peribronchiclar lymphoid nodules which contein a high
propoytion of small lymphocytes, ave velatively more diserete sund are
beglmilng t0 regress.

{viii) ‘'hese changes are followad by alveolar re-expansion, but soms lymphoid
nodules persist in the perdbronchiolar tissues.

The speed at which these changes occur may depend on (a) the mognitude
of the initial infection (b) the ability of the anims) to respond to the in-
fection, (e) the opportunity for re-infeotion and the magnitnde of me-infection
() complicating secondary infections. Faotors (b) and (o) mey acoount for
the persistence of lesions and explein the epidemiology of the disevase in
the field,

In this comneotion vhittlestone's (1957a) observation that the rate of
resolution is fester in pigs kept in small groups, is extremely interesting.

In the pneumonis described hore sitages (i) (ii) {iii) were seen at one
weelk, siage (iv) et three weeke, (v) and (vi) at cight weoks and {(vii) and
(viii) at twelve weeks,

There is of oourse some overlap of one phase with another in any ine
dividual and probably esch secondary lobule of pulmonary ¢ilssue, vhich is

wall delinented by connective btigssue from ity neligbkours, In the pig, goes
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through the sequence of chunges independently from the others so thal as the
disease spreads throughout the lung by the alr passsges the lesion may be
geon at different siages of developmenit in differvent lobuleg. This was in
feot what vas observed in the neiturally ovcurring cases of engootic pueumenia
degeribed in gection {1) most of which would have been in an envicoument
offering smple opportunity for weinfeotion and persistence of the lesionse
From this pathogenesis expeximent the three gvoups of changes found in the
pigs infected in the fiecld weuld seem to represent different phases in the
development of the dissase with Group I boing an esrlier phase than Group

IT and Group II an earlier phage than Group LI,

The wost striking and characteristie features of engoollc pnsumonia
are (i) the peribronchiolar proliferstion of lymphoid tissue associated wilh
the appearsnce of large nambers of plasma eells in the lungs and (ii) the
alveolar cell hyperplasic.

Lymphoid tissue and plasmae ¢ells in partioular, are knowm to be
asadciated with antibsdy produetion. Since these cejls occuw in largs
numbers within the alveoli, in the conmective tiseus of the lobule, paviticularly
the perivronchiolar tissue, snd pround the broachial and the bracheal glanda,
it is alwost ceriain that a considerable amount of antibody is being prodaced
in the lunge of pigs with enzootic pneumonis and in faot (Lennek and Bornfore,
1957, Whittlestone, 1957a) hove shown that recovered animals are reslstent

to reinfections This may seem at odes with experience in the field, wvhere
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infection iu pige up to elx to soven monthe of sge is very common and the
disoage 1o endemic on many farms. ‘The degree of immanity is nrot knoun
hovever and it moy be easily overcome especially if the opportunity for
henvy veinfection is present, It is slso possible that the enzootiec
pneunonia agent may exist in soveral differsnt sntigenic forms. YNo gip-
oulating antibodies have been reporied and Betts (1952) was unable to
denonatrate neutralising antibodies in convaleacent serum. It seems
reasonable to conclude from the histopatholegy however thatl the prolonged
course of the diseade, which occurs in meny pigs, and a major part of the
pulmenary ceonsolidation sre tho results of ma immne reaction by cells
of the antibody producing system within the lung to a persisting antigenic
stimlog.

The tremendous hyperplasia of alveolar cells which begine during the
early stages of the infection and the aslveolsr collapse vhich develops latewx
on in the disense process may be related. Alveglaxr collapse, is an importand
feature of envootic prieumonia aud has been attributed bto bronchiocles being
blocked with exudate (Whittlesione, 1957a). It often occurs however, in
the absence of any significant amounts of seoretion in the bLronchial or
brenchioler pathways and slthough it is difficult to exelude obstructlon as
the netiological factor on the basis of histologieal ekanination, in the
ocases of bronchopneumonia deseribed later, considersble amounis of exudate

acounnlated in the respivatory passages withoni collapse ocourring in the



asgocieted lobule, An aliternative explanotion for the collapse is demege
ta the lipoprotein slveolar lining layer. This has been the subject of
peveral orisinal papers and reviev articles {Clements, Browm snd Johnson,
1958, Pattle end Thomas 1961, ivery 1962, Clements 1962, Bulande ond Klaue
1964)+  Clemenks ot gl (1998) in describing the funcbion of this layer
paid Ythe alveolar lining layer operates as on mati-stelanctasics factor? and
obvlously therefore ite absence or damage would resulf in collapse even 1f
the bronchiloles, brouchi and traches were patent.

Any interpretation of hou this happens is highly speculadive bt it
ey be connected with the striking hypewplasia of slveolar cells which ocourg
in this diseanse, Generally two main funetlons sre atiributed to these cclls
() they migrate into the lumen and become macrophages (b) they secrete the
alveolsr lining leyew. In enzmoobic pusumonia many of the alveclar cells
which migrate into the lumen do exhibit phagooytic activity. Jowvever i% ip
peasible that meny of the cells which are on the walls and protruding into
the lunen have a georetory function gnd the basophilic caps of muterial seen
on some of the alveolary cells projecting inbo alveoll could be reasonably
interpreted an gecretion from these cells.

i one assumes that the hyperplasia of slveslar cells which occurs in
enzootic pnouwmonia is adt least in part dve to incressed secvetion of the
alveolay lining layer either (1) to veplace the lining becauvse it is destroyed

by the pleomorphic organism growing in it or (11) as & divect effact of the
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agent on these cells, it is possible that a gtage could ke resched when their
segretory capacity is exhansted and the integrity of the lining menbranc
could no longer be meintained. When this happened alveolay collapse would
ocour, Lf the organism was then eliminated by the immune reactbion, already
deparibed, =nd the alveolar cells recoverad, the lining lsyer would be wee

plaved and ve-sxpunsion would occur,



-5}4—

BEA00WLC  PNRUMONIA

(6) General Discussion

Oa the basis of the field observations and experimental work outliined
in section (1) to (%) it can he said that enzootic pneumonia is a widesproed
digense of pigs with definite hilstological featuves, The dicense in the
field was not histologically similar in every plg but this probsbly only
reflected different stages in the progression of the pnoumonie and was not
surprising vhen one considerad the pathogenesis of the lesiong in the exw
perimental snimelo.

The histopathological entity was characherised by (1) extreme slveolar
cell hyperplesin and the accumula‘don of these cells (a) within slveolar
wvalla, bubt often protruding into the slveolil and (b} free within the alveoll
(ii) the presewse of uumerous plasma cells and cells of the lymphocyte meries
in the fibrous connective tlssue regions of the secondary lung lobule particular-
1y, in the peribronchiolar position. These cells eventually becawe organised
into lymphoid masses distorting the adjacent bronchiole {iii) nlveoluy collapse.

ALl of thepe fautures wers not nedessardly seen in every individual pilg
but usually bthera vas & cowbination of at least two of them.

Since histopathology must play an important role in the differentisl
diagnosis of pneumonia in the pig, it is perdinent to ask wvhether or not e

zoutic pheumonia defired on these erideria is o single disense astiologically.
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Schofield (1956) sugrested that it was highly probeble that meveral
different viruses could omuse pneumonia in the pig end Pattison (195%6) ine
dicated that in his opinion it had not been determined at that tine that
the infective agent of V.P.P., 88 it wae then celled, was the only cause of
lesions in the pig lung assceianbed with lymphoid hyperplasia. Whittlestone
{1957b) also considered that the pathology although typical wes not in itself
diagnostle, and stressed the luporitence of finding pleonmorphic organisms
(¥,0,.) in impression smears of lunpgs with enzootic pneumonia. These orguniosmng
wvere found in the original outbresk of pneumonia described in section (3) and
in the disease produced expevimentelly with bacterla Irse suspensions of
pneumonic lung. However P.0. may sometimes be difficult to separate ironm
non-pathogenic mycoplasma on sugars, and culture on solid mycoplasmo medin
iz required to achieve thie. In addition pathogenle and non-pathogenic
mycoplasms may occur concurrently in the same pig (Goodwin and Whitilestone
1964) and in this case it would seewm thai experimeniel plg transmission is
necegnary e establish a disgnosigs The diapnosis In an individual oase
is also complicated by the fact that there may be no P.0. to be seen (CGoodwin
and Whittlestone 1960).

The success of these two workews in cultivating the asgent of the J
straln of enzootic pnewnonla scewed to offer hope of simplifying the diagnosis
of the disease but in the same paper (Goodwin and Whittlestone 1963) it was

atated that they "had encowitered prneumonic conditions in the field thet
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aiffér from onzootio pneumonia, yet yicld mozphologically similer sgontec in
$igsue cultuves®, These suthors considered thet the condition probably had
pavoral diffevent aetiologienl sgents and sald they bad Ysome evidence that
the J agent moy not be the only agent of the P:O. Eype that can oczuse the
Enmootic Pneumonia complex” {Goodwin and Whittleatone 1964).

While 1t is possible that geveral difforent orgenisms mighﬁ exisﬁ which
could produece legione regenbling one phame in the developmoent of the leslon
of enzeotic prneumonia, and s0 confuse the disguosis in the individusl pig,
no gugh organiome have been found yet nnd no one has shown that any orgenisms
othor than those agouwired from indispuisble cases of suzcobtic pnewnonia csn
produge pulmonary lsgions in the plg morphologileslly similar to enzootie
preumonia in every respect.

The. problem of vwhether the histopathologiesl entity i one disease or
a complex can only be answerad by the cultivation, and detailed churacters
igation of orgenisms from different outbreaks of pneumonia and the experie
mental reproduction of pnewnonis with these sgents. A% the moment this has
caly been achieved with one type of organism the J strain of enzootic pnewmonia
(Goodwin and Vhittlestone 1963).

The biclogical relationship botween the "J agent® and the other sirains
of enzootic preumonis which have beon worked with ls not clesr, and whether or
not this orgavnism exists in several forms dilferding in snbtipenicity, trang-

aigeibility, infectivity and virulence i not knowa,
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Some of the cases classified s enzootic paoumonis in section (1) did
have alight differecnces from the overall pattern which might have suggested
that these were astioclogileally different. 'There were differences in such
features as, the extent of bronchiclar epithelial hyperplasia, the number
of alveolar cells csusing thiokening of the alveolar walls but not sctually
protruding from them, {ibrosis of the alveoler walls, fibrosis of bronohlolar
walls end the degree of lymphoid nodule formation. Nevertheless it waz not
possibile to be categorically sure fthat the enzootic preumonis agent was sbe
sent from the lesien and that the diffsvences were not due to mwixed infeobionu,
variations in the virulence of the organisma ovr vaviations in the hoaté dmmans
ity vroduoing an altered reaction.

I one aceoptes that it shonld be possible to find P.O. in smears from
the pneumonie lungs of a group ol plgs with enzootio pneumonia’the absence of
P0e in 8 group of pigs wvith pnewmonis higiologicrlly similar to euzootic
pacunonio is glgnificant, unless our comncepts of onzootic pneumonia are too
nayrow, and would suggest that another sgent existg, This situation oscurred
in the disemse described as UYype XI (Goodwin and Whittlestone 1962).

Howevex several herds in wvhich Wype XI pneumonin was diagnosed and which
were believed to ba {res of anzootic prneumonia subsequently developed s digem
ease indistinguishable from enzootic pneumonin (Gocdwin and Whittlestone 1965).

Although histopathology ie of limited value in exploring the hypothesis

that enzootic pneumenis is an aeticlogical complex, it is still a useful hasis
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for defining the diseanse, al the presend siate of knowledge, snd uniil ade
anate laboratory tests ere available for typing the organism or org nismg
responsible the informetion gsined Ffrom the histopathologicsl examination
of digeased lungn must play an important payd in determining the menner in

whioch cliniclans tmckle oubtbreaks of respivatory disease in the field.



Fig. 1 Enzootic pneumoniams showing bilateral distribution of consolidation in

the anterior parts of the lungs.

Fig. 2 Ensgootic pneumonimt severe case with consolidation in posterior parts

of the lungs. There is also septal oedema in the left lung,



Fig. 3 Ensootic pneumonia: groups of grey spots in consolidated lobules.

Fig. 4 Enzootic pneumonia:t mottled appear:nee of lobules associated with the

earlier stages of the disease.



Fig. 5 Ensootio pneumoniegs enlarged bronchial lymph nodes,

Fig. 6 lLnsootic pneumonias small emount of cellular exudate in the lumen of

bronchus and cellular infiltration in the lamina propria. He & Eo x 50
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Fig. 7T Ensootic pneumonia: extensive diffuse asccumlation of cells in the

peribronchiolar tissue., H. & E. x 300
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Fig. 8 Ensootic pneumoniass diffuse peribronchioler asccumulation of cells

nainly

between the pulmonary artery and the bronchiolar wsll, H. & E. x 150



Fig. 9 Ensootic pneumonias showing large number of peribronchiolar lymphoid

nodules. H. & E. x 50

Fig.s 10 Enzootic pneumoniai: lymphoid nodule between bronchiolar wall and

branch of pulmonary artery. H. & E. x 50
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Fig. 11 Ensootic pneumonias group of lymphoid nodules, showing invasion

of bronchiolar wall by lymphoid cells and atrophy of muscularis. He & E. x15(

Fig, 12 Engsootio pneumonia: peribronchiolar lymphoid nodules bulging into

peribronchiolar lymphatic vessel. H. & E. x100



Fig. 13 Enzootic pneumonia: numerous peribronchiolar lymphoid nodules and

lymphoid nodules in pleura. H. %~ E. x 8
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Pig. 14 Engootic pneumonias distortion of bronchiolar lumen by lymphoid

nodules and slveolar collapse, H. & E. x 35
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Fig. 15 Ensootic pneumonia: thickening of alveolar walls due to alveolar

cell hyperplasia. He. & E. x 500
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Fig. 16 Engootic pneumonia: alveolar ocells protruding into alveolar lumen

with caps of material on their apices, H. & E. x 500
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Fig. 17 Enzootic pneumonias slveolar mascrophs.es, plasma cells snd polye

morvhonuoclear leucocytes in alveolar exudate. H. & E. x 500
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Fig. 18 Engootic pneumonias glant cells and plesma cells within alveoli,

H.&Ecxsm



mild septal oedema and dilatation of septal

y 19 Ensootic pneumonias
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alveolar ocollapse and fibrosis of alveolar

sootic pneumonias
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Fige. 21

He & E. x100

of the lamina propriea.

maoroscopic appearance 8 weeks after experi-
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Fig. 23 Inzootic pneumonis (1 week;: alveolar collapse and polymor honuclear

leucocytes in alveoli and bronchioles. He & E« x 50

Fig. 24 Enzootic pneumonia (1 week): expunded elveoli full of cells and only

a few cells in the peribronchiocler tissue. H. & E. x 150



Fig. 25 Enzootic pneumonia {1 week): polymorphonuclear leucocytes and alveolar

magrophages within alveoli, There is also alveolar cell Lyperplasia. He&E, x

Fig. 26 Engootic pneumonia (3 wecks)s oconsidersble thickening of peribronchiolar

tissue by plasma cells ard cells of the lymphoid series, He & Eo x 50



b e £ SN e T U Ty
R A T v

.‘a‘ - ; «.,‘ '.. B . %'&b .s‘.,
b s

. ‘ ‘ -~ .
R
;. e ’“‘ a . -
Pig. 27 Ensootio pneumonia (3 wecks): plasma cells, alveolar meorojhages and

polymorphonuclear leucoocytes within slveoli. H., & E. x 500
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Fig. 28 Enzootic pneumonia (3 weeks)s early peribronchiolar accumulation of cells

and hyperplasia of alveolar ocells in adjscent alveoli, H. & E, x 300



Fig. 29 Enscotic pneumonia (8 weeks)s peribronchiolar lyrmphoid nodules and

expended alveoli. H. & E. x 50
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Fig. 30 insootic pneumonia (12 weeks): many peribronchiolar lymphoid nodules

and alveolar collapse. H. & E. x 50
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THTERSVITIAL  PUBUMONIA

(1) ™o Pathology of the Disease Seen in the Field

Interstitial pneumonis wapg geen in thirteen pips vhose ages renged
from eight wecks to seven months. The discagse was found in five of twvenlby
two plgs selected gt random on a farn with o pnewsonia problem.

“he range of clinical disturbances associated with the leoion were {a)
sudden denth (b) sudden deterioration of an existing pneumonic condition
with the development of dyspnoea, coughing, fever mnd eventuasl collapse
(¢) o milder clinloal course with no obvious respivatory disturbance apsrt
Trom cou hiing, unless the anlmal was auscultated.

The history given on one farm ung that thare had been five desths in

a2 group of pigs three monthe old over a pericd of two months.

Maoroscopic Findings

Tho consolidation produced by intevsbitial pneumonis generally assumed
one of two types. One form w:g gseen in severe oases with consolidation of
lobar dimensions and the other tended to oceur in cases where the lesions
vere more localised, In the latter instance the leaions sometimes only
involved part of a lobule but more freguently a grouvp of lobules was affected,

The most severs form produced bilateral consclidation of large asreas of
lJung whieh could involve completely the apicel lohes, the cerdiac lobes, the

intermedinte lobe and as much as half of the total volume of the diaphragmatic



- 105 o

lobas at the snme time. The congolidated portions were raiped asbove the
adjacent normal lung and were dark red or reddigh brown. The interlobulaer
sepba were dilated and sppeared zp greyish or pale yellow lines. On the
overlying pleura there was fibrinous plevrisy (Fig. 31). When the cone-
solidated lung was palpated it felt full, and sollds It was hegvier than
normal and blocks of lung for higtological examination sank in corrosive
formol. The out surface of o consolidated lobe had a velvety, granular
appearance. It was wostly dark red in colour, but scattered about on the
surface were reddish brown or yellowish patches which produced a motitled
effeot {Iig. %2)s The inierlobular septa were prominent as thick greyish
or pale yellow lines and a similay linear appsarance woe sometbimes seen
gxtending into the leobules and avound the bronchi.

When the lesion was seen in its second form it was present as o single
pateh of congolidatlon in one lobe ov multifocally in several lobes of the
lwngs. HMulbifooal lesions were pometimes sufficlently large and numerouvg
to produce almost lobar consolidation. In general the lesions weve very
obviocus asg a resulit of their yellow colour ox becauge they were outlined by
yellow lines. ‘They felt solid and weore raldsed above the surrounding luag.
The pleursl surfage was yellow oy appeared as an lrregularly polygonal red
area surrounded by prominent yellow bands whiech lended to follow the inbtex~
lobular senpta (Pige 3%3). Within the lesion yellow bands could be scen

outlining bronchi and blood vessels. 4 similar appeerance was soen when
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the lesions were seotioned and the ivtorlobulay sepis were easily idenitilied
ag greyish or yellow lines (Pig. 54). In some ceses the surrounding yellow
baud was thickened hy an outer layer of white fibrous connective 4issue,
The mucons membrrne of the trachea and major brounchl was congested in severe
ceses and many dilated bleed veasels conld be seen in thelr walla. D1Lo0od~
agtained oedema fluld was sometlmes found in the lumen,

The bronchial lymph nodes were enlarged, ocedematous, congested and

sometimes flecked with yellow patches of necrosis.

Meroscopic Pindings

The pneunmonin had a oiriking appearance vhen examined with the louvest
povor (Fig. 35), 'There was a cenbtral grovp of alveoli whose walls were
congested and vhose Juming contained cedema fluild with variable amounts of
fibrin end red blood corpuscles. Surrounding this and outlining the conn-
gotive tissue structures of the lobules were hasophilic bands. Thig appeor=
ance was produced by thae alveoli adjacent to the interlobular septa, sub-
plevrally, or around bronchi and bronchinles, and eround blood vessels being
filled with inflammatory eells and their debris (IFig. 36 and Fige 37).

Bands of slveoli packed with inflommetory debris hovever did sometimes extend
serose the centres of lobules. In addition the interlobular septa end theiy
lymphatics were grossly dilsted.

The reddish brown or yellowish arveas in the severe type of lesion and

the swall wholly yellow lesion in the discrete form were fooi of irregular



o WY =

grovps of elveoll pusked with inClomnatory cm&im et tholy debaip, To the
formoy type the alvenluar wells vera seversly congeoiod but in the latlor thoere
ves noeerosds of the anlveolar wollss  Bronchioles in the congested zono woro
weunlly eithor oupty or Lfull of oedemn fiuid, bud Shose nearer the porivhery
vore poeked with cello.

Mvoelis  The appearance of the gongopted alveoli in tho losions vnyicd,
in difforont fielda (Mge 37 and Fige 38). ‘thyombosis of the cspillieries
in the alvoeolar walls ond neerosis of the walls vas o oommon cCOHIPONNG.

The poorobic walls hoveves romained in poslition forming the outline of the
plvenli. Phe lumine of the slveoll usuelly confnined codems flwid; veviablo
omotnis of £ibydin, bacterdn and red Hlond cornuecie, but in sone givoeold
Bhevo was frank boomorringo. frgups of thoeoe alveold hwd poly eerphonuclase
lowcooytes i thedy luming or elee a mixbture of polymorphomclony levcooyios
argd omsdl monosnaleoar collds with round, dsrh nuclael ard n oamedd ancntd of
aezinephilic oytoploam.

“hey plvenll obt bhe edeas of the lesions wveroe packed with cells in
vardoun sluges of digintegratione  In somo gilveoli it was poasible to
ldentify tho oollp ap roovendiivg those goen coarer the gonbre of the leadors
In noot, bowever, the cells were dead and bad fused inte s soes wilkdn the
alveolsr lume: . This anss kad an ooginopbills background on which thove
pynknotls nerrow necled o)l orlented in the same direction soe thot a "sireqne-

ing® offect was produceds  Some nuoleld appeanvad avonzied but others wove
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quite big and elliptical, with a diffuse bagophilia over the cells, probably
dve {to maelear Lysis. in the same oites fragments of nuclear debids, nune
erous bacteria snd sometimss c¢lesr apaces were geen in these alveoli. The
alveolar walle remained distinet in some fielda but in others they woere
necrotic and often wvere unrecognisshle,  Another interesting faaturs of

the neorotic cells in these alveoll was that the nueledl of some of then hod
o aperpatazoan like shape due to e long basophilic stream of nucleaxr material
extending from one end. Somsilmes groups of these cells ocourred together
and the basophilic thrests from them geemed to converge at roughly the pame
point in the adjagent alveolar wall.

The connective ticsue of the structures adjacent o the alveoli wasg
infiltrated with polymorphonucieer lewcocytes and small menomueloars. In
addition there vers masses of nuclear debris and semetimen a loce like appear-
ance vaeg peen due to the presence of mmerous clear circular spaces. The
contents of the spoces varied, some of them contained shrunken necrotic cells
or cell debris, but others were empiy.

Bronchi and bronchioles: The bronchi and bronchioles in congested
aveas wove alther aempty oy vontained osdema fluid, fibrin and red blood
corpuacles, Bronchi and bronchioles portleularly at the edges of the lesilons
vere seen full of cells and aell debrie similar to that desgribed in the
slveoli, In the brounchi degsguemation of the epithelium vas sometimes seen

and there vere exeeusive numbers of mitobic fipures, in the surviving epithel-
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ial cello, The laming propria was oongeasted snd oconitalined small nunbers of
plasma cells. Depquanation of the bronchiclar epithelium also occcurred.

Septa snd pleuras he changes in these structures were responsible
for meny of the charvaoteristic features of the lesions. The iInteriobulay
septa and mubpleural connective tigeouwe woyxe grosuly oedematous and thickened.
The lymphatics were dilated with oedema fluld and eoatained networks of
Tibrin often forming fibrin plugs. Massges of polymoxphonuclesr leucocytes
and monomiclear gells wore wlso found within the dilated lymphatics and in
the conneatlve tissue itself, in some fields (Fig. 36).  The changes ocouyyw
ing at the edges of these gbruetures and in the adjacent alveoli have been
degcribed. Somebimes this type of reaction was sesn in a septi botveen
two lobuwles vhich were otherwise normal. A Librinous exudate infiltrated
by varying nmambers of inflammatory cells was seen on the pleura.

Blood vesselss Oedemn of the perivaseular tissucs ocourred and the
perivascular iymphﬂties were dilated and sometimes contained fibyrin plugs,
Thrombl were found in the blood vessels particularly the veins and the venules
but alep, oceasionazlly, the intralobuler branchs of the pulmonary artery, in
every oase (Flg. 38). Tho thrombi often occluded the lumen but were some-
times mural. Necrosis of the wnlls of vessels and infilivation by polyw-
morphonuelear lensocytes wos also found.

The changes dn the lobules sdjecent to the discrete type of lesion
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wore elthey congestlon of the alveolar walls with or without oedoma fluid im
tho lumen, or thickening of slveolar walls due 1o ivcreased numbers of ale
veolar cells and the accumulation of alveolar ﬁdcrOPhagea in iheir lunina.

Somo leglons were surrounded by a zone of fibrous conneetive tlosue,
gomposaed of young fibroblasts with basophilic cyboplasm, plesma cellsg, and
caplllaries.

Bronchial lymph nodes: The bronchial lymph nodes were congegted and
there were large nambers of polymorphonuclear leucooytes, swall wacrophapes
and red blood corpuscles in the sinuscidg. There were not many lymphoid
follicles with germinal centres bub scattered throughout the dense Lymphaiio
tissue were many lymphoblastes in mitosis, small lymphooytes and plasma cells.
Vhen areas of nacrosis were present the retionlum of the ilymph node wes also

degtroyed.

Aggociated Leslons

Intergbitial pneunonisa was sean in lungs which were aleo affected with
engootic puswnonia ané lungworms.,  Apart from pulmonary lesions with locslised
plevriny, diffuse Librinous pleurisy, fibrinous pericarditis snd once fibyinous
peritonitia were present. Iu four piges diffuse or focal lesiong of necrotic
enboritis vers found in the smell intestine snd in one of these a necrotlsing
arteritis, sinilar to that seer in the lungs, invelving bloed vessels in the

lamina proprife
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Baotericlogy

Paatourelly multooida wap isolated from the lesionm in the lungs of

all but one cnge eoxamined,
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INTERSTIVIAL PNBEUMONIA

(2) Bxperimentel Work

Since P, nultooida was regularly asasocisgbed with the lesions of inter-

8titlsl pneumonia, it was decided to try to reproduos the disease using this
organisme
Two groups of experiments were therefore performed, using the oxperie

mentnl animnls described earxlier.

Group 1

The lungs from a ten week old plg which had died of zeute interstitial
meumcnin wers token and a 1 in 3 suspension of the pnoumonic lung was wade
in sterile isotonlo anline, ‘lon mls. of this susponsion wore glven intraw
trachoally to two five weeks 0ld pigs. One of the plgs showed a febrile
response up 0 105,6 on the second day snd both were killed on the evening
of the fourth day. ‘“The animal with the febrile response had a large paitch
of oconsolidation in the apiesl snd subepical bronchopulmonary segmentas
(Tallanti 19%9) of the diaphregmatic lobe of the loft lung. The lesion had
a s50ft yellovw centre snd was surrounded by a red zone of congestion, Two
simllay but smaller lesiong were found in thoe diasphragmatic lobe of the
right lung and in the onrdise lobe of the right lung. There was also fibrin-
ous pleurisy end fibrinocus pericarditis. The other pig had only « small
legsion of o similay type in the intermediate lobe of the yright lung and it

alano had fibrinous pleurisy and periearditis,
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Yhen the legions ware exomined histelogianlly they wsre seen to be like a
nacrotbising bronchopneumonia rather than interstltial pneuvmonia. This wag
probably due to the faot thei the material which wag used hed become rathey

badly contaminated before the lung suspension ¢ould be mode. Pasteurella

maltoocida, howover, was ra=isolated from the lungs of the above pigs und

10 wlg, of a culture on blood sgar from these animals were given intra-
tracheally to two other {five wecks old ples. The daily temperstures of
those plgs remalned noymal and when they wvere killed one week later no leaions

were found in thelr lungs and the orgenism could not be re-isolaled.

Group Ii

)

A gimilaw type of pnoumonis is kunown to coour inthe calf and attompts

were node to reproduce the lesnion in pigs with a straln of P. mulitooids

iaoluted from a erlf wvith flbeinous pericerdiivis, fibyinous pleurdsy, fibvrinous
poritonitis and fibrdinous arthritis. During experliments with this organism
in calves intersgtitial pneunonis, identical to that oceurying in the pig, was
produced in one animale As g rasuld of this finding en attempt was made bo

reproduce the disease in pilgs with this sirain of P. muliocida.

The orgenism had heen passsged twice in cnlves and afier re-~isolation
2 mle. of a broth culivre were given lubravenously to each of ftwo ten woeks
0ld pigs. The pigs showed a febrile resgponse, up to 107.5 in one and 106.8

in the other, snd were dull and anorexic. Vben they were destroyed fous



days later both had fibrinous erthritis snd one hed endocardltis of the

mitral valve,. There were, however, no lung lesions. Pasteurella nultocida

wag re-isolsited from the Joint leslon.
The isolate from theze pigs was used o infect two more ten weeks
old pigs. They were given 2,5 mls. of a aix houvse broth culiure Intravenously
and when they were killed five deys later, mild fibxinous arthritis of the
hoek joints, ord in one animal the stifle joints, was found but there were
no lung lesiong. Both animals were fobrile during the course of the exoeri-

ment with temperatuvres up to 105.8 in one and 105.6 in the other. Pe mAltow

eido was recovered from the hoek Joints of one animal.

Two other pigs of the sawe age h' d besn infected intratvacheally atb
the same bime with 2,5 mle, of the culiure. The pige were afebrile during
the five days which fthe supeviment lasted. Vhenr they were killed o small
abhscess about 0.5 ome in diometsy was found in the lung of one animel and

FPe multocida was rocovered from the ahooess, No lesions vere Pound in the

lungs of the other animal and no organismg vere recovered. The joints in

both of theso suimals were alsd normnl.

Conclusions

It wus nov found possible to reproduge inverstiitial preumonia in the
experimental pige either by infecting animals intratracheally with suspensions

of pneumonic lung contalning P« maltoclda o by using cullures of P. multoecida
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injeoted intravencusly or intratracheally.
4 strain of this orgenism hovever originally isolated from a ocalf,
wos able %o produce fibrinouvs arthritis in experimental pigs wvhen given

intravenously.
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INTERGTTITL AL PNBUMONIA

(3) biscussion

The term interstitial pneumonia hag been used to deseribe two different
types of voaction in the lung.

In one the lesion is an acute exudative inflammation in which the
changey in the interstitium partigularly the interlobular septe dominate
the pati:clogy. Thisg is typified by the lesions seen in contagious bovine
pleura-pneumonis and interstitial pheumonis in the calf (Jovrett 1956), and
is the sense in which the term is uwsed here,.

The second type of reaobion to which the terma interstitial pneumonis
has been applied is a proliferative resction in the inlerstitial tissues
poriicnlarly thet of the alveolar wellas nnd the bronchinl system and ias
characterised by primary atypical pneumonia in man and other pnewmoniag,
of viral or rickebisial origin, In this seunse enzootic pnowvmonia in the
pig is an interstitial pneumonia.

It vould peem preferable hovever to nse the term as 1t is used heve
ginee the domestic animsls, partlenlarly t.¢ pig and the calf have well
developed interlobular tissue vhich may »lay an important part in the
development of a lesion and in its final snatomicel appearunce.

Interstitial pneuwmonia is a histopathological entity invariably

asgociated with T, multooids sand it is likely that this ormgenism i
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responsible for the condition, A similar pneumonia in calves (Jarrett

1956) is nlso associated with P. multocida bub sttempts to reproduce the

legiona in pigs and calves with the orgenism have boen mostly unsuccessful,
The syndrome in pigs described as 'sceondary breskdown'! vhich ie assoclated
with yellow neorotic patches in the lungs teaming with bipolaxr orgonigms
(Betbts 1952) was probebly this lapion. Schofield (19%6) described a

primary Pasteurells pneumonia in the pig with a histopathological piciture

vhich he considered typical for the disense, but was vnable to reproduce

it even with straing of P. muliocide vhich wvere lethal for mice,

The macronscopic appearance ol this preumonia in ite severe diffuse
form is renminisocent of lobar puneumonia in man except that the lesion isg
bilateral. It is likely that spread to contvigous tissue in the lung is
by direct diffusion of organisms through the tisgsues via the pores of Kohn,
in cedems fluid £illing the bronchiocles and the bronchi snd spilling down
into ndjccent lobulesy and also by extension along the lymphatic chanuels
in the septa. This latter route would allow organisms o eniter g sepium
and proceed from there to the .djnacent lobmle, DPifferences in the
susoeptibility of enimpls and differences in the virulence of the infecting

straing of P. muliocida probably account for the vardistions betwecen the

diffuse and the discreto form of the disepses



Fig. 31 Interstitisl pneumonia: consolidation with overlying fibrinous pleurisy,

involving most of the right lung.

Fig. 32 Interstitial pneumonias cross section of a diaphragmatic lobe showing

complete consolidation end mottled appearance of ocut surface.



Fig., 33 Interstitial pneumonias several discrete lesions in an intermediete

lobe,

Fig. 34 Interstitial pneunonia: cross section of a well demarcated lesion with

s red centrael ares surrounded by yellow lines.
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Fig. 35 Interstitisl

H. & E. x 10

lowest power objective.

dilated septel lymphatios full of polymorpho-

Fig. 36 Interstitial pneumoniaj

5 X 50

He &

nuclear leucocytes and monormclear cells.



Fig. 37 Interstitial pneumonim: severe congestion of alveolar walle snd many oells

within the alveoli, partiocularly adjacent to the blood vessels. H. & E. x 50

Fig. 38 Interstitial pneumonia: ocomplete occlusion a pulmonary vein by a

thrombus, He & Bo x 50
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PNBUMONIA DUE %0 HAEMOPRILUS PARAINPLUERZA

{1) ¥he Patholegy of the Disease seen in the Pield

One pilg was seen with this condition. Accordine to the farmer the
animal hed been well, until one wmoyning vhen it wes seen “vomitlng". - He

did not observe any respiratory disturbance and it was found dead next day.

Macroscopic Findingg

The apical lobes, most of the cardiac lohes; part of the intermediate
lobe and the anterco~ventral parts of the diaphragmatic lobes were consolidated.
The affected regions were very firm and felt full. The lung was reddigh
browvn and mobtled by small) yellow dry-looking areas of necyosis which
oceasionslly had a tendensy %o have straight edges (Fig. 39), There was
overlying fibrinous pleurisy. The cub surfaece of the lung wvas very oedematw
oug aud wes also mottled with yellow asveas of necrosis. Pordlons of lung
for histological examinagtion sank in corrosive-~formel. In the trachen and
ground the animzll's lips there was g large spmount of white foam.

The bronchial lymph nodes were enlarged and congested and conbained

flecke of yellew necrosig.

Microscopio Findings

The mout striking feature noticed on louw pover examination was the

dense basophilic maspes of cells packing alveoll so that nodulsr looking
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prodominantly besophilic areas of varicus sizes were produced (Fige 40 and
Fige 41). Ouly a few slveoli were involved in some fields while in others
large sectiona of lobules were affecited. This appearsnce was due 1o maééas
of inflammatory cells many of whioh weve neorotic packing the alveoli, nlw
veolar duots and sometimes the bronchioles. The mlveolar walle wilthin the
fool were congested and prominent in some areass, but in others thoy were
necrotic ond had fused with the surrounding mass of inflammatory cells. In
sonme of these lesions there was & centxal group of alveoli which contained
only o few cells, but hed congested wells and were full of oedema fluid vhich
gave the lesiong the appearance of having a clear central area (Fig. 41).
Bacteris could be seen in soms of these centyal alveoli (Fig. 42). The
cells in the alveoli responsgible for the basophilic mgss were o mixture of
polynorphonuolear leucosytes end small mononuolear macrophages, whioh had
round intensely staining nuclel and eosinophilic cytoplasm.  The mononucleay
¢ells predominvateds: MNauy of thege cells were completely necrotic and had
undergone karyolysis. In addition mixed with them were cells vhoge nueclei
vere orenated or simply elongated pynknotio ellipses (Fig. 43). Often
groups of these were found lying together with the nucleld oriented in the
same diveotion and these alveoli had a vwhorled or "atreaming™ appearance.
lumerons basteria were seen in the slveoli smongst the necrotio cells. The
surrounding alveoli aften had congosted walls and were full of cedema flwid,

gontnining £ibrin streands and intralveolsy heemorrhage was seen in several



flelds,

There were mony dilated and comgested blood vessels in the walls of
the bronchi sud the bronchiocles. In the lumine of many bronchioclies cells
and debris gimilar to that in the slveoli and alveolar ducts had secwmulateod.
The interlobular septa were csdemmtous and often osneiderably thiokened.
he lymphaties within the gopts and in the pleurn wore dilated, and contained
red bleood corpuscled; polymorphonuclesr leucocytes, mononuclesay cellg and
sonebimes plugs of fibrin. Polymorphonuwclear leusocytes snd mononuclear
cells were also freguently found in the septal connective tlssue. On the
pleura over the lesion there was a [lbrivous exudate.

There was gevere congestion and haemorrhage in the bronchial lymph
nodes. Yhe loose lymphatie tissue was full of polymorphonuclear lencooytes.
Decreased nunbers of smell lymprogytes were seen around the follicleg in the
nodes and the cells of the follicles, most of which were lymphoblasts o
reticulum cella were separated from each other 1o a grestor degree than

normal e Seversl asrean of necrosis wvere algo found.

Bacteriology

An organiom ldentified ap Haemophilus parainfluenzy was isolated from

the lungs of this animal.
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PNRUMONIA  DUL  T0  HABMOPHILUS PARATEFLUENZA

(2) Bxperimental Work

1t wag decided 4o atbempt to reproduve this pnoumonis vith pure oultuvres

of H. parainfluenza isolated from the field case.

The pigs and the method of infection used were those described in
Materials and Methods.
Tyo six weeks old pigs 16960/5 and 16960/6 vere injeoted intratracheally

with 15 mls, of a 24 hour broth culiure of Hi parainfluenze isolsted from the

lungs of the pig whiech died. Two hours after the animals were infeoted their
temperatures were 107.2 and 107.0 respeebively., Their temperatures returned
to normal within 24 hours however, ond remained normnl until they were killed
four days after infection. One animal, 16960/6, was heord coughing on the
third day of the experiment and also on the fourih day. At post-moriem a
small yellow lesion about 0.4 om. in dismeter wes seen in the diaphrsgmatic
lobe of 16960/5. The lesiong in the other pig, 16960/6, were more extensive.
Two slightly raised, firm pstohes of censclidation 1.9 om. in diameter were
found in the apicel lobe of the vight lunge. They had asoft yellow central
aress surrounded by a grey edge. Similar lesioneg were geen on the doraal
border of the diaphragmatic lobe of the right lung and in the diaphragmatic
lohe of the left lung. Some of them were covered by & localised patoh of

plevrisy.
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Histologionl examination of thepe lesions showed that they consisted
of & ceontral ares of neovosis with deslyucition of the pulmonary architecture
and wore surrounded by a zone of proliferating flbrous connective tissve.

They did not resemble the pneumonisa found in the original pige Haemophilus

parslafluenga could not he ve-isolated from theme Two plgs from the same

litter vore kept in the same accomodation bud not in oconbact with the ine
fected pigs as control animegls. VWhen they were killed thore were no lesionsg
in their lungs.

Haemophilus parainfluenzs wes re~izolated from pleces of the original

lung which had been keopt at -40°C. Two six weeks old pigs, 16960/7 and
16960/8, were infected intratracheally with 15 mls. of a 24 hour broth culture
and two other pigs from the same lititer were kept as controls. EBighieen
hours lgter 16960/7, val found dead although it had appsrontly made an ua-
eventful vrecovery from the manipulstions regquired for the intrabtracheal in-
Jection., The other pig, 16960/8, was clinically normal for the duration

of the experiment and was killed seven deys after infection along with the
two control animzls who wore also normal. At post mortem no lesions were
found in the controls. Two small patches of consolidaticn similer to those
found in 16960/5 and 16960f' wore present oun the dorsal bovder of the dige
phragmatic lobe of both lungs of 16960/8. Haemoyrhsgic fluid was found in
the trachea of 16960/? and there vas severe pulmonary oedems with dilatation

of the interlobular septa. There were several large paiches of consolidation
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in the cardisc end diaphragmatic lobes of both lungs vhioh were either greyishe
pink or dark red., The overlying pleurs wag eovered vith a fibrinous exudate.
Histological examination of the lesions in this pig st:owed that they were
essentially similspr to those occurring in the original case (Mg, 44).

Haemophilus parainflnenza was recovered from the lunge of this animal buwi not

from 16960/d.

Conclusions

Hagemophilng parainfluenza was capable of producing lesions in the lungs

of experimental pigs by itself, and in one animal from which the orgenism
vas re~isolated the pulmonayy lesions were histologically similar to thoso
seen in the field ocase. The pneumonic patches in the other snimals were
very loonlised and were not progressing, being in fact surrounded by fibrous

tisouc. Yhe organism could not be re-isolated from thess lesions,
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PNBUMONIA DUR PO HAEMOBPHILUS PARAINFLUBNZA

(3) Discussion

A pneumonisa histopathologically and basterlologioally similar to the
case degoribed here hes alrendy been recorded {Pettison, Howell and Elliot,
1957, Mathews and Pattison 1961}. These workers considered that the histo
pathology was speeific for the disease and although initiglly they were only
able 1o reproduce the lesion by infecting pigs with swine~fever virus and
the Heemophilus orgenism at the same time, they succeeded later in producing

the typlcal lesion with the Haemophilus slone.

The organism isolnted from the case described here was also eapable of
counging the disease by itself, and confirmed the findings of the vorkors
referred o earlier that this pneumonis is a specific entity setiologicelly
and pathologically.

?he histology of the denge cellular masses in the alveoll resemblod
the changes seen in some alveoll in cases of interstitiasl pnevmonia but the
general patiern of the lesion wag different and vascular involvement was not

an dmportant feature of the dlseansc.



Fig. 39 H. parainfluenza: a ocardiac lobe in which small yellow areas of necrosis

can just be seen apgeinst the reddish brown background.



Fige. 40 H. parainfluenza: psart of & lobule with slveoli full of basophilic

mass of inflammatory celle and debris. H. & E, x 50

Fig. 41 H. perainfluenza: two bassophilic zones, one »f which has a smell

centr:l clear ares, He e x 50
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clumps of bacteria in slveolsr oedemsn fluid.

Fig. 42 H. perainfluensga:

HC&EQXW

detail of the b soprhilic masses of cells within the

Pig. 43 H. parainfluenszai

H. & B« x 300

alveoli.
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Pig. 44 Pneumonia produced by injecting H. parainfluenza intratracheally.

H. & E. x 150



SIMpLE  ACURE  BRONCHOPHEUMONIA

Simple aoute broncheopneumonia as a primary pulmonary lesion was seen
in 18 pigp. The ages of ocleven of these animals ranged from one month o
three months and the remeining geven specimens were found in abattolrs.

The clinical signe were gometimes pyrexia, dyspnoea, coughking and dull-
ness, but in four casss the pigs were found dend, and had apparently been

normal prior to death.

Macroscopic Mindings

Mueroscopicelly in some lungs the lesions hed & patechy distribuiion in
21l of the lobes with groups of thyree or four consolidated lobules ocourring
together, Oftener, however, the consolidated lobulaes had become confluent
end large portions of lung were affected (Mig. 45). VWhen this happened in
the apical ovr cardisc lobes the whole lobe conld be consolidated. 'The
apic: 1, cerdize, and anterc-ventral parts of the diaphragmetic lobes of the
lungs were the sites most frequently involved. The lesions were usually on
the zame level as the surrounding normal lung, but in s few cases were slightly
lower than the surrounding normal tissue. They felt firm and the colour
varied from intense derk red to brick red to greyish pink.

On the pleural surface and cut surfaoe of the lesion groups of smsll
vhite spots could usually bs seen.

The out surface appeared granulay and sometimes exuded coplous amounts

of thin turbid {luid. Material which was viscus and grey or yellow could be



expresged from the cut ends of the bronchi and the interlobuler gepta were
moderately thickened due to oedema in nany onzes.

The bronchial lymph nodes were enlarged, congested and ocdematous.

Microscopic Findings

The histological appearance of the lesions veried according to the
part of the lung exsmined since these often ropreosented different stages
in the development of the pneumonin.

The earllest stage geen wag conge:ntion of the oapillaries in the ale
veolar walls, the bronchiol:r and bronchial walls end also in the inter-
lobular septa and pleura. In these lobules or parts of lobules there was
pedewa {luid in the alveoli and wsually also in the bronchioles and bronchi,
small numbers of polymorphomiclear leucooybes were found in this fluid in
the alveoli, alveolar ducts snd terminal bronchioles.

The number of polymorphonuclenr leucooytes increased and lobules seen
st this stage had a heavy but pabchy infiliration by polymor: honuclear
lencocytes in slveol..y ducts and alveolil, pariticularly those near bronchioles
(Fig. 46)» Large numbers of polymorphonuclesy leucoeytes were also seen
within the lumina of the bronchioles themselves. The interlobular saptsa
vere dilated with cedema and the lymphatiecs in them, and the pleura were
videly pi tent, Bmsll amounts of fibrin were found in the alveclar ocedema

fludd and in the dilated lymphatics.
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As the cellular infiltration increased all of the alveoll within a
lobule hecame packed with polymorphonuoléar leuwcooytos and alveolay macroe
phages were found in moderate numbers amongst the polymoxphomuclear leuco-
cytas, The lumina of the bronchioles wers also packed with a similar
nixture of ¢elle and these could also be found in the bronchi, mixed with
varlisble smounts of mucus (Filg. 47). The bronchial walls were congosted
and polymorphonuclear leucogytes werae seen in the lamina propria along with
some macrophages. In some cases desguamation of the bronchial epithelium
had ococurred and wea quite severc. An ocoasionsl small peribronchiolasr
follicle wes detected, in some pige. 'Yhese showed separgbion of the cells
by oedema fluld and contailned only a feow mitotic figures. The peribronchiolay
lymphatic vessels were dilated.

Intra~alveolar bhaeworrhage ococourred in some ocases and mucrophages Gohe
taining haenoniderin were flound, Sowe of the alveolar ¢eolls were mors
prominent and numerous than usual bub did not protrude into the alveolar
lumina in large numbers as in enzgootic pneumonia. In advanced lesions
fooal necrosis of the slveolar walls was seen.

The lymphatic vessels in the septa and pleura of well established cases
were often full of polymorphonuclesr leugocytes and fibrin networks.

There was little reaction in the wallo of the larger bronchl and the
{rachen, Plasma cells were found avound the glands in moderate numbers,

The luming of the larger bronchi end trachea however contained a mixture
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of muocous, precipitated protein, meny poelymorphomacleay leucocytes, cone
alveolar maorophages, Gesgquamated epithelial cells and necrotic cellulay
debrin,

Histological examination of the bronchial lymph nodes showed bthat
the sinusolds were full of polymorphonuclear leucocytes. Many mitotie

fipgures could be peeon in the germinal centres of follicles.

Bagteriology

Bactoericlogical examinations vere made on six of the capes.

Bordetella bronchiseptica was found in the lungs of two pigs, EE&ponellﬁ

cholerac suis in two, Haemophilus sulips in one and from snother both Conyne-

bacterium pyogones gnd Pasteurella muliocida were isolated.

.. st

Discusalon

Patches of ascute bronchopneumonia which were often quite small were
frequently seen ap complications of established enzootic pneumonia and young
pige under eight wseks of sge dying with extensive pneumcnic lesions had en-
zootio prewmonia and s concomitant gsevere aoute simple bronchopneumonio.
The cases desoribed here however, were animals in vhich the acute broncho-
pnounoenis was the only significaent pulmonary lesion. The amount of septal
padena and septal lymphatio dilatation was not as ;reat in these cases as in
aninnla with acute inlerstitisl pneumonio. In addition in the lattor disesnse

and also in the pneumonia due to Haemophiluns perainfluenza there was a greater
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degree of fibrin formation in the slveoli mnd the fibrin plugs in the lymphatios
vere mueh larger and ocourred with grester frequency.

Altheugh acube bronchopneumonia wag a primary pulnonapry lesion it some-
times occurred along with other diseases such as anaemin, scute suppurative
meningitis, and purulent arthritis,

The pulmonary lesione in both the pigs from vhich Salmonells cliolerxae

guls wag isolated were intense dark red in colour and histologionlly thero

> e

was g grester number of alveolar meorophages amongst the polymorphonuclesy

1eﬁcocytes than in the other ocased.
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Fig. 45 Simple acute dbronchopneum nias 3involving the apical and cardiec lobes
of the right lung and the diaphragmatic lote of the left lung, of a pig

vith ansemia and cardiac hypertrophy.
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Fig. 46 :imple acute bronchopneumonia: the bronchioles are full of polymorpho-

nuclear leucocytes snd similar cells ere present in the mlveoli. He& E. x 50

Fige 47 Simple acute bronchopneumoniass showing congestion of the slveolar walls,

mild septnl oedema znd a mixture of ruous and cells in a bronchus. H.& E. x §
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HAEMORRHAGIC BRONCHOPREUMONIA

Haernorrhagic bronchopneumonia was seen in three pigs. ‘Two of the
gpecimens were obtained during the exnmination of lungs at o baoon factory
and the third was a male pig four weeks old which was found dead. The
latter conge occurred in a herd eptablished fraom pigs believed to be free

of enzootic pneumonis.

Muorosoopic Findings

‘the appearance of the lungs in the young pig vhich died was similar
to the other two opses except that the lesions were more extenaive.‘ In
thig pig half of the totel volume of the lungs was involved in the pneumonie
procesa. There wore lobules of congolidation in all the lobes of the lungs
and in some places these had coalesosd to form large pneumonic patches
particularly in the sntero-ventranl part of both diaphragmatic lobes (Fig.
48),

The lesions felt firm, were at the same level as the surrounding lung
and wera derk red. A few patches were eglightly grey. The interlobular
septa were moderately dilanted and the plsural suxrfuaoe of the lungs looked
ghiny. Vhen the lungs wore lifted they were hesvier thsn normal. The
cut suwrface vas dark red, granular end exvded a small smount of thin turbld
fluid from the bronchi and the alveolar surface.

The bronchial lymph nodes were enmlarged and haemorrhagic.
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Mieoroacopic Findinge

Histologiaal examination of the lungs showad intense congestion of the
caplllapiecz and larger blood vessels in tho alveolar walls, the bronchloley
valls and the bronchial walls. There was a considerable amount of oedemg
in the affected lobules and many polymorphonuclear leucogytes weve geen in
the alveonli, the bronchieles and the bronchi, loderate numbers of slveolar
necrophages vore also present mixed amongst the polymorphonuclear leucoeytes,
and many of them contained haemogiderin. Oeocansionally focal areas with
nacrosis of alveolar walls were geen in some sectiona.

The most striking featurs of the lesion howveover was the extreme intraoe
nlvaolar haemorrhaga. In many lobules the slveoli were packed with red
klood corpuscles and polymoryphonueolesr leucosytes. In some nearly all of
the alveoli were full of red blood cor;uscles only., The haewmorrhogic exu-
date was alaso seecn extonding up into the bronchioles and bronchi,

The interlobuler septs were moderately dilated and the lymphatic
vegeels distended. A similar appearance was seen in the pleural conunestive
tigeue. In addition to these changes however there were large numbers of
free red hlood cor umeles in the interlobular septal conncotive {tissue and
lymphatios (Fig. 49).

The connective tissue around the puluwenary srievies and the veins was

plao full of red blood corpuscles,
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Thosa lobulez which meoroscoploally were grey contained a higher proe-
portion of alveoll full of polymorphonucliear leucoeytes and macrophages than
the othars,

Higtologlical examingtion of the bronchlal lynph nodes showed that the
pinusoidal tissue wam full of red blood corpuscles end polymorphonuclear
levwsooytes, ‘The capillaries in the dense lymphatic tlasue wera congested

and there vere moderate numbers of mitotic figures in the follicles,.

Bacteriology

Bordetella bronchiseptica and Haamophilus suls were isolsted from the

lungs of the pig which died a9 a result of the pneuwmonia. A bacteriological

examinatlion was not carried out on the other two specimens.

Dipcugsion

Haemorrhegic bronchopneumonis was found to be the csuae of death in
a four week old pig. This animal was not suffering from another pneumonic
gondition but wes algo gffected with Inclusion Body Rhinitis.

In the two specimens obhteined at a bacon factory there were lesions
in the lungs of enzootic pnewnonia as well as heemorrhegic bronchopreumonis.

Most of the changes seen in these pigs were also geen in animals with
simple acute bronchopneurionia end intra-alveclsr haemorrheges werce sean in

some oansges of the latter condition, The haewmorrhages were comparatively
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amall however and in view of the extensive haemorrhaoge oacurring in the -
ocages descoribed here they were slessified separadely. In addition intrpw
peptnl haemorxhage waz o festure of these cases and was not ocen o any
gignificant degree in simple bronchopneumonia. Meorophages filled with
haemosiderin were more rumerous within the alveoli in these c¢ases than in
those with simple bronchopnoumonia.

he organisme involved in the onse culbured were alse reaovered fronm
cages of acute bronchopneumonin and it is possible that the different
loepion was due to the combined infeotion or more likely due %o the fact

that these were difforent strains of the orgunisms,
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Figs 48 Haemorrhagic bronchopneumonia: showing the distribution mainly in the

ventral part of the disphragmatic lobe. H. & E. x 12

Pig. 49 Heaemorrhagic bronchopneumor.ia: showing intraclveoler and intraseptal

haemorrhage. He & E¢ x 50
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HECGROTISING  BRONCHOPNBUMONIA

Although small fooi of necropis of the alveolar walls was seen in cwpges
of simple bronchopneuwmonla and haemorrhagic bronchopneumonis, they vere
usually not numerous and only detected by mioroscopy. Six cases of broncho=
puewnonia wero geen in whioch necrowis of pulmonavry tispue was an important
feature of the lesions both miloroscopioally end mscvoscopically, and con-
sequently these were eclassified as necrotising bronohopneumonios.

Thres cases wvere seen in pige elght weeks old and the other three
pcourred in pigs about six months of age. 'The lungs of the labter three

animals vere obtained in an shattolir.

lMaerosncopic Mindings

The lesion in one aninel conslgsted of a patch of congolidation, whowse
ploursl surfuce was 6.0 ems, in disweter, in the middle third of the dia-
phragmatic lobe of the left lung near its dorsal border, The visceral
and parietal lsayers of the pleura were adhercnt «t this point by fibrous
bands.  The cut surface of the lesion was very white due to the presence
of large amounts of f£ibrous connceobive tigsue and contained several yellowishe
brown patches of coagulative necrosis.

In another case there were wmany firm nodular lesions oboul 1.0 om.

in diamsber in all the lobes of the lungs which on secotion had a central



yellow paboh of necropis surromnded by a zone of congestion and haemorrhage.

There was extensive consolidetion of the lungs in the remaining four
casas vith pnewmonie aveas iun the apleal, cordiec, intermedinte and anteriq;
ports of the dispbragmetic lobes.  Theose nreas had bocoms confluent in the
smaller apical and cardiac lobes to produce lobar consolidatlon. In one
animal more than half.of the total lung volume was oonaolidated.

The lepions were doyk red in one case vut in the otheor three wore grey,
very hard and raised above the surrounding normal tissuc, On section lerge
areas of Ary, yellow coagulative necrosis cowld be geen and when the tissue
was pressed thick yellow materisl exuded f£rom the bronchi, The grey colour
wvas due bto extreme fibrous connsctive tisene proliferation around the srcas

of necrosis. The bronchial lymph nodes were enl-rged in every case.

[Mioroscopioal IMindings

Higtological exemination oi the lungs shoved that the leslions had been
present For some time and were surrowded by variable amounts of fibrous
gonnecbive Yimsue in all cases except the animal with exbonsive pneumonic
legiong vhich were dark red macroscopically. This latter enimal had an
acute neorotising bronchopnewnonisa. In %his cases there wasg dilatation
axnd congestion of the capillaries in the alveolar valls, the bronchiclar
walla and the bronchial walls and there were sowme patohes of intra-alveolar

haemorrhage. Host slveoli however were pecked with mnsses of polymorphos
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nuclear leusocytes. At the periphery of the lesion the alveoli contained
ogdenz £luid, fibrin strands and o Few alveolar macrophnges, Many extensive
patches were seon vhere there was necrosis of the alveolar walls and the
cells within the alveoli {Mg. 50). The centres of these nearotic lesiong
wara inveriably eosianophilio to differant degrees but prle basophililic doie
which were nuclear remains could he seen,  Somatimes the outline of the
alveoli w 5 present but in other lesions it was completely loss.  Groups

of bacteria could be gecn in the lesgions in some fieldo.

The luwmina of bronchioles and bronchi contained lurge numbers of poly-
morphonuelear leucocytoes and sometines magses of naorvobic debwriz. The
opitheliug had almost completely desquameted in eome bronchioles and there
vas necresis of the bronchiolar walls.

There was only moderate septal oedema with dilatation of lymphatic
vesoels which were full of polymorphonuclear leuncooytes and fibrin. The
pleural ecapilleries were congested and there vers patches of fibrinous
pleurisy.

The changes in the other vasecs weve essendially similer except that
there was nob marked congestion of alveslar and bronchial walls and the
fibroblast in the lung adjacent to the necrosis had prolifevated to foxm
nev fibrous connechive tissue. This resulted in septal end pleural fibrosis
anél the orgenisation of the fibwinous exudate in the alveoli at the peri-

phaexry of the areas of nocrosige The alveolar walle at the edges of the
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lesion were ealso thickened by fibroblast proliferation and migration of
fibroblast from the wulls into the fibrinous exudebte in the lumen was scons
Some of these alveoll weve epitheliulised.

The contyal nocrotic areu was very pelely eosinophilic in come fields
but otherwise resembled the necrosis geen in the acute cases. At the edge
thore wes o basophilic band of living end dead polymorphonuclser leoucocyies.

In three omses lesions due to enzootic pneumonla were also presgent in
the lungde

The bronchial lymph nodes vere congested and the sinusgoids were full
of polymorphonuclenr leucocytes and some nacrophages. Humerous mitobtlc
flgures counld be seen in the follicles and often conslderable numbers of

eoginophils were present in the deunss lymphatic tiesua.

Egptariologx
Information sbous the bacterie nssocisted with the legiong was avall-

able for two ceseg. Cultural exomination had yielded Comymebacteriuim

pyogenes and Pastonrella multoelda from both sebs of lungs end in addliilon

g filomentous organism resembling Fusiformis necrophorus was scen in smears

from ono case, bubt conld not be grovmn.

Disoussion

Necrotising broochopneumonis is mosil [ragquently ceen in cattle
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particularly calves, and in this species is frequently caused by I'. necro-

phorus or C. pyogenes (Jarrcekt, 1956}, The dovelopment of the discese

i calves la often precipiteted by the aspiration of milk into the lungs
when these animals are artilficially fed wvith buckeds or bobtles. Since
artificial feeding is not practiced on the same geals with young pigs,

thio speeiss is not exposed to this riske in addition C. pyogenes and

¥, necrophorug are not as common pathogenw in the pip as they are in cattle,

and thore is no digease in the young pig annlogous with calf diphtheris,
which produces necvotising leslons in the mouth snd may provide neorotic

debris loaded with ¥. neorophorus for aspiration into the lungs.  Aspire

ation pneumonia hag been desoribed in pigs fed swill but the lesion ig a
granulomatous one and develops around insplved fragments of vegetable
matorial (Whittlestone, 1957H).

Clinieal histories weve not available for all of the animals. The
canc of acute necrotising bronchopneoumeonia waa reported ss o sudden death
and one of the other animals with extensive necrotilsing bronchopneumonia
was thin, coughing end dyupnoeic. Haematologionl examination of thisg
snimal revesled a leucooytosis of 65,200 white blood corpuscles/c.m.me and
a dlfferential comnt gave a wresult of 86% neuirophil polymorphonuciear

louaocytes and 14% lymphooytes.
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Pig. 50 Recorotising bronchopneumonia showing heavy cellular infiltration

and necorosis of the lung., H. & E, x 50
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SUPPURATIVE BRONCHOPNUUMONIA

Suppurative bronchopneumonia is a btronchopneumonis as: oociated with a
septic process in the lung resulting in abscess formation. 'The pulmonsry
legions in six animals were classified in ithils eatogory. [Plve of the plgs
vere between five and gilx monthe old and the other one was two months old.

Three of the older animals were detected on a farm with o severe
regpiratory disease problom, Inzootic pneumonis was present on the faxm
hut many of the pigs ex .mined at aubopsy had extensive complicating pulmonary
lenions such as interstitial pneumonia, acute bronchopneumonin and suppuretive
bronchopneumoniae Vhen these animels with suppurative bronchopneuwnonia were
seen nlive they were in poor condition, coughing, dyspnoeic, febrile and

hoenatological examinetion revealed a leucooytosis and a high B.E.R,

Macrogcopic Findings

The gross appearonce of the lungs varled from pabches of consolidation,
one to two lobules in wvize soettered in all the lobes of the lungs to cone
fluent lobax consolidation in the apioel, cardiac, and intermediste lobes
of the lungs with & variasble amount of the gniero=ventral part of the dia-
phragnotic lobes also involved {Flg. 51). When the whole of the apicel end
cavdilac lobes was not affegted the lesiong were in the ventral part of the

lobes. The colour of the affected lobules varied from dark red Ho pale
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greyishepink to fawn., ‘They felt firm and were either on the same level
as surrounding round lung or somelimes slightly raised sbove its On the
surfecs of the lesions yellovw abscesses which varied in siwe and numbey
from case to cage could be seen (Fig. S5l)s  Sometimes however they were
not apparent wntil the lungs had been pectioned. Thope absoesses varied
from 0.2 emg. to 1.5 cmse in dianeter, wore spherical or elliptical and
eontained thick yellow pus. In four cases f{ibrous capsules could he seen
around them. When tho lungs were pressed thick yellow pus exuded f{rom the
bronchl and bronchioles,

There vag a fibrinous pleunrisy over the leslon in two animals, and
in another onse abscesoes were found in the lobes of the liver and sube
sevosally in the alimentary tract pariicularly in the spiral colon. The

bronchisl lymph nodes were congested and enlarged in all oases,

Mioroscople Mindings

Histological examination of the lungs from those pigs showed abscessen
at different stages of development. In two anlmals the lesion appeared 1o
be very recent and there was 1llbttle fibrous connecbive tissue but in the
othors the absocosses were surrounded by fibrouws connectlve tissue capsnles,

At the centre of the suppurative foocus there was complete loss of
normal pulmonery erchitecture and the lung tissue was replaced by an amorphus

palely sinining ecosinophilic material in which diffuse bhasoyphilic strands



could sometimes be seen (Mg, 52). At the edge of this there was o dense
hagsophilic zone of polymorphonuclear leucocybes in v rious stages of disw
integratione In recent lesions the alveolar avchitecture could be discerned
here and the bsnds of polymorphonuclesy leucovytes could be ssen to be within
alveoli., The adjecent alveolar walle were congesited and their lumina cone
talned oedems fluld with strends of fibrin, Variable nuwbers of alveolar
mecrophages slso occurred and there wag sometimesn intrassalveolar haemorrhoge.
At the periphery of the benophilic zone in oldex lesions the alveclar
pettern was lost due to orgenisation and the development of o fibrous cone
nective tinsne vapsule containing capillaeries, large nmubers of lymphocytes,
plasma cells and macropheges particulavly in its imner part (Fig. Y3).
This fibrous connective tisgus proliferation could be geen developing from
the adjocent fibrous couneolbive tlssue gtructures such sa bthe interlobular
sepba, the pleura, the brenchial wallg and ths walls of bload vessels.
The fibroblast in these sites had lerge well sbained nuclel snd abundant,
obvious basophilic cytoplasms IMitotle flgures were also seen in these
gello. Fibroblagt proliferation also ooourrced in the walls of alveoli at
the periphery of the ubscesses so that the walls vere thicker than nornsl
end orgenigation of the exudate in the luwmina of the alveoli ocounrred by
fibroblusts migrdting out into the fibrinous exudale from the alveolar walls.
Some alveoll in this situation were epithelinlised. Many absgesses both

aoute und chronic weve peen conmuniesting with bronchioles (Fig. 52).
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Avay from the abscesces the histologionl ploture varied from that seen
in acute bronchopneumonis to enzootic pneumonia if the leiter disesse was
present.

The suppurative process gometimes started in brounchioles and therse was
necrosis of part or all of the bronchiolay wallse. Moat bronchioles and
broncki were full of polymorphonuclear leucocytes, mzcrophages and purulent
debria.

A festure of some bronchioles was fibroblastic proliferation in. the
laminag propria with consequent increase in the thickness of this layer.

Thig usuelly occurred in bronchiocles involved in a septic process and the
fibrous thickening extended into the bronchi,

‘fhe interlobular aepta werse markedly oedematous mnd the dilated lymphatic
channels contained polymerphonuclesr leucocytes and some fibiin.

The sinusoids of the hronchial lymph nodes were full of polymorihoe
auclear loucHoytes and macrophages. Often the folliclen in the dense lywmphe
atic tlssue geemed to be reduced in nuwber snd the cells here were separated

rather wore than usual by oedema {ludid.

Bagteriology

Pasteurella multocids vag isolated from one case and from another

amall gram positive orgenism morphologicelly resembling Corynsbacierium

pyogenes and LErysipelothrix rhusiopathiae but having the biochemical
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charactoeristics of neither.

Discussion

The finding of fibroals in the alveolar walle sand thickening of the
lamina propria in the bronchicler and the bronchial vells by fibrous tissue
is interesting vhen compared with the lesions described in the section on
conditions agsocisted with enzootic pnecumoniss. It is powsible thut &
guppurative bronchopneumonis in which the tissue necropis was nostly cone
fined to the interior of the bronchioles and bronchi was responsible for
some of these lesions. If this is the case attempting to gseparate pro-
liferative lesions brosdly resembling enzootlc pneumonia by using the amount
of fibrous connective tigoue in the bronchiolar or alveolar wallg as a
eriterion is not feanible and may lead to errors in diagnosis. liven whon
there is n¢ gross fibrous thiockening in the bronchiloles it is likely that
gimple bronchopneunonies if they persist long enough and do noi remolve
will stimulate fibrosis of the alveolar walls, and most cases of enszootic

pheunonia showlng this festure are compligated by simple bronchopneumoniag.



Fig. 51 Suppurative bronoctiopneumonias produoing extensive pulmonary cone

Piie 52 Uuppurative bronchopreumonia: abscess communiocating with a bronchiole.

H. & )‘v. X w
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Fig. 53 Suppurative bronchopneumonia: details of the reaction at the edge

of a suppurative foous. H. & E. x 250
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BMBOLIC PNEUMONIA

The pig way develop onluonary lesions as a rosult of infectious agents
bheing carried into the lungs by the pulmonary or less frequently by the
bronchial olrculstions These lesions cen be classified as embollc pneumonia
and may vary in appearance from adbscesses to patches of consolid:tion of con-
gidorable aiuze.

Mive casas of embollo pnetmonia were seen pnd were divided into three
groups to facilitate their description., Croup 1 consisted of three cases
in vhich the lesiong wera pulmonary abacesses. Group 2 consisted of one
case in vhioh there vas exiensive vasoulay involvement and Group 3 consisted

of one case with bhaemorrhegic lesions secondary to haemoXrhagic enteritio.

Grouy 1
Paree pige, two from the same group three monthe of asge, and one four

monthe of pge were examined.

Maoxogoopic Findings

The two younger pigs were in very poor condifion. Small patohes of
enzootic pneumonia were present in the aplesl and eavdiac lobes of the luugs.
Secattored in the consolidated lobules end also in normal lobules in gll the
lobes of the lungs were a very large number of yellow globular abscosses

0.5«0.8 on, in dizmeter., Mony of these protruded considerahly from the
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lung surface and the pleurs over them wsg thickened. Theve were orgonised
adhegion between the lobes of the lungs at the sites of the absossoges snd
aleo bhotween the lungs and the thorseic wall, Sectioning the abecesses
ghowed that they contained thick yellow pus and wers surrounded by areas

of consolidatiion of varying sige. ‘The bronchial lywph nodes wore slightly
enlaxged.,

Both of the pige had purnlent skin wounds around their hoclk joints
and there were purulent wounds in thelr tails, the points of which hsd been
bitten off,

The older pig had several lobules of conselidation in the dorsal bordex
end nadial edge of both diuphregmetic lohen. These lobules were iy,
slightly ralsed above the surrownding lung and ware surrounded by fibrous
connective tissue. On soction abscesses vere seen in the lobules, The
bronchial 1ywmph nodes were slightly enlargeds The hock Joint of the rigit

hind leg was grogsly swollen due to chronic purulent arthritie.

Microsvopie Findings

Histologlosl exemination showed that the pulmonsry lesions in ths three
pigs vore similar, They consisted essentlally of abacesses in different
stages of development and healings Most of bhem were seatiered randomly

in tho lungs but gome were seen pround intrelobular branches of the pulmonary



- 160 -

aviery vhich were thrombosed. Mony of the abscesses communicated with
neishbouring bronchiclous  The gentre of the sbscess wag oither a collection
of polymoyphonuclear leusesytes or o palely ecginophilic structureless ares
purrounded by polymorphonuclear leuncocytes in various stages of disintegralion.
Next bo thip there was 2 masg of maorophages, lymphocytes and plsoma cells in
varuing proportions, and a small number of eowinophils was also scen, Mived
wvith these oells and forming & prowinent band arcund some abagessesn wore
fibroblasts and capillory endothelial cella. The degree of fibrous en-
capsulation varded congiderably.

Alveoli adjecent $o the abscesses showed several different featuves.
Thely lumina wes either full of polymorvhonucelear leucocytes with some al-
vaoley macrophages or there was a fibripous exudate vhich was uwndevgoiug
organisation in placen. The alveolar walls were thickened by proliferating
fibroMlasts,  Adjacent bronchioles and bronchi were full of polymorphomaclear
leveoeytes wnd often neorovig debris from the sbhscesgses. Yhe lamina propria
and peribronchinlar tissues weve infiltrated by plasma cells and aome 1ymphof
cytea, then the lesions approached interlobular oeptae or pleurs these
gtrnotures were thickensd by fibrous btissue proliferstion.

Some lobules showed changes attributed to co-existing ensootic pneumonia,

Bacteriological exemination of swabs from the ahscesses was nogative.



Sroup 2

One cuse of embolic pneumonie which cacured in & three months old pig is

desoribed hove,

Macroscqgio Findings

There vas bilateral adhesive pleurisy. In all the lobes of the lungs
there were large areas of greyishered consolidation vhigh felt very firm and
locked granulay. On seotioning the lung pus exuded from the bronchi and the
bronahiocles. The bronchianl lymph nodes were enlarged. Subondaneously in

the left leg there was a large abseegs 3.0 oms, in diameter.

Mieroscopic Findings

Histologicn)l examination of the Jungs revenled a suppurative thromboe
arteritis dnvolving the inbtralobular branches of the pulmonecry avtexy. There
was thrombosis of the brenches of this vessel with necrosis of thelr vwally
and infiltretion by lerge numbers of polymorphonuclear leucoeytes (Fige 54)+
e inflommatory prodess hed gpread to the zdjacent pulmonesry tissue and in
thege lobules the alveolar wnlly were congested and sometimes necrotic.
Intra=alveolay hosmorvhage wap seen and in other alveoli there was ocedems
fluid rioh in fibrin. The alveoli were also infiltrated with polymorphoe

ruc lear leucooybes and semetines werce completely ppoked with these eellge
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Myveolnr mocrophages wore algo seon in moderate numbers and the gepital cells
were prominent in the wells of many alveoli although not markedly increased
in number. The bronehioles amd bronohi were full of polymorphonuclesy
lencoeytes sud there were moderate numbers of plasma cells in Ythe Llaming
proprla and peribronchiolar tipsues. The gephal and the pleurval lymphae
tice were dilated end contaived pluge of fibrin., Dome sections from the
apieal and onrdine lobes had leslons of a co~existiug enzootic pneuwmonia.
The bronchiasl lymph nodes contained mory follieles with large germinel

fcontren.,

Bastariclogy

Pasteurella mulbocids was 1soleted from the lungd.

Gyoup 3
Yhe animal described here wes three weeks of age »nd ceame fyrom a litier
affected with hremorrhaglce enteritis. Three pigs hed died as s vesuld of

this Glsease.

Macroscopic Findings

In wdditlon to the lesions 1n the slimeantery tract there were seversl
omall dark red patehes seatiered rundomly in the lobes of the lungs., The

bronchdal lywph nodes wers not nobiceably enlovged.



Mloroscopic Pindings

Higtological oxsmination of the lung leailons showed huemorrhages into
the alveoli of the affecated lobules and infiltration by large numbors of
polymorphonucleny leucooytes. At the periphery of the lesions the alveoli
contnined oedenma fluld ond meny slveolar macrophages. The lumina of the
bronchioles and the bronchl were full of polymorphooucleny leucooytes.

Uithin the lesion small branches of the pulmonavry artery were thrombosed and
the throwmbi contained bacterial polonies. The vessel walls vere infiltrated

by pelymorphonuclear lencocytes.

Baoteriology

A haemolytic sbtraln of Escherichia coll was isolated from the intest~

ineg, liver, and sploen. The orgawvism was ltypod by Dr. W.Je. Soyka at the
Central Velevinary Leborstory for the Minlstry of Agrioculture as serotype

681 (0141s  %85(B) XIL).

Disousaion
The pulmonary lesions in every cape were scocondary 1o a foeus of ine
faction in another purt of the body. In Gwoups 1 and 2 there wore purulent
foold in the extremities and in Group % it was an enteritis dus %0 o hasmolytic
e 00lis The aniwals in Group 1 were destroyed becsuse they wers not thrive
ing but those in (roups 2 and % dled. “The pneumonis in GCrowp 2 wao probably

significant in thia respect.
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Fig. 54 Bmbolio pneumonias thrombosis of branches of the pulmonary artery
and capillaries in zlveolar walls with congestion, and ocedems in the

surrounding slveoli, H, & E. x 50
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TURRRCULOSS

The pig is susoeptible to intection by the mamnmalian and avian stralng

of Myoobaoterinm tubersunlogiss Fourieen cases were seen vhich vere classified

ags pulmonary tuberculosis aud of thess, one desoribed vnder Group 1 was shown

0 be caused by the human type of M. tubsrcoulosls and the yemalning thirteen

gases described in Group 2 bad lesions higtologicully similay to thoge pro-

duged by the avian type of M, ftubercnlosis although oultural exeminations

wora not done to eonfirm this.

Group 1
The cage desoribad here was o sov and the lungs vere oblained from an

abattoir.

Maorosoopie Findinga

Both lungs were extensively consolidetéd -nd felt full. There vere
patohes of vonsolidation in ell the lobes and the pleural surface was wneven
due to the pffected lobules being slighily higher than the normal lung tissue.
The affected lobules were a pale yellow colour and conbtained meuy large white
avens of caleifiocation. ddhegive pleurisy was present between the cardiec
and disphragoatic lobes. On sectlon two types of surface were seen, One
locked snmooth, solid, fleshy and grey sud the other was granuler vhite, and

pritty, dve to csloificatlon. The septa wore grey aond thickened due 4o
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fibrosils and there was alwso fibrowis avound the larger bronchi from which a
thick olear vigeid fluid could be pressed.

The bronchiasl lymph nodes were enlarged and on sectlon were grey and
follleulare A fow fool of caloificaition about 1.0 mm. in diameter were

#aeNe

Micwopcopic 'indings

Histologionl examinstion showed that the predominsmt features of the
pulizonary lesion were fibrosis and caleification. In mosh lobules the
lung avohictechbure wes completely oblitersted by dense fibrous connective
tigsne suryouwading lerge aress of canleification near vhich were the pynknotic
vomning of muclei (Fig. 55).  Scattered throughout the Fibrous tissue vere
groups of plasma cells, lymphooytes, endotheliold cells sand ocoasionally
eopinophile. Glant cells wore infreguently seen. The bronchial systom
had survived in these lobules and lymphooytos, plasma cells and mononuelcears
were acafbered diffusely 1n the peribronchiolar bissuse sometimes fovming
loxge cellulay cuffs bub weually not forming nodules (Fig. %56), The laming
propria of the bronchioles and bronchi was also heavily infilitrated by similax
calls ond within the lumina of these stiweiures there was o mixture of mucus
gnd polymorphomiclear leuncocytes. The brounchial epithelium was hypernlasiic
in moat flelds,

Vhere there was no destruction of alvesld and replacement by fibrous

tigsue the slveolar lumina were full of alveolar meperophages with bright
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aosinophilic oytoplasm und seettered amongst them wers lymphocytes and plasue
cellss In these regions there was also s diffuse peribrounchiolar accuamlation
of plasma cells and lymphocyites. Fibrosis of the alveolar walls is commence
ing in some of thess lobuleg,

Tuberenlous follicles with a central smorphous, bright pink sres of
caseation suryounded by endothelioid oell mainly but alse some lymphocybes
ond plasma cells were found in the dense fibrous comnective Lipsue and in
the areas where the alveoll were full of oells, ‘these were not as mamerdus
hovevor ga the fogl of ocalecificatlon.

The pleurnl sud septal tissues sre thickened by fibrous tissue pro-
liferation and an adhegive pleurisy vas present on gome parts of the lung.

Tuberculous follicles were found in the bronchial lymph nodes. Giang
colls were pregent in muny of these and were sevn wore frequently ia the
nodeg than in the lunge Small foel of ocaleification were found and there
wap extensive fibrosis, with obliteretion of sinusoids and dense lymphetic
tipsue and thickening of the trabeculae.

Aodd fast organisme vere seen in secbions of the bronchial lymph nodes

gbalned with Ziehl-Neclsene.

Lacteriolozy

Me tuberculosls was isoleted from the lung and the bronchial Llysph

nodes of this animal and ves shoun to be the hwnen type by enimal inocculaticn.
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Group 2
The thirieen sets of lungs desoribed here were from plge approximately

slx monthe old and weve colleched from sbabioirs.

Macrogcopic Mindings

Tuelve sets of lungs had grogs lesions of enzootic pneumonia and the
tuberculous lung lesions were only dissoverad after mieroscopic examination.
The thirteenth however had mumerous hayd grey nodules up to 1.5 cmp. diaueter
in all lobes of tho lungs. On secotion these nodules were firm and greylsh
vhite. The liver of this animal contoined many white spots and the head
had been condemned for tuboroulous lesions iv the submandibular lymph nodes.
The bronchital lymph nodes were enlarged and contained several vhite circulaw

foci.

Microscopic Mindlings

he lesions seen in al) of the snimals vere gssentially proliferstive
vith 1ittle or no necrosis and qualitatively similor In each ecase., The
folloving description is based on the cese with lesions in the lungs and
livex.

The nodular aress of consolidation were produced by fusion of masses
of folliclés (Fig. 57). Ab the contre of each follicle was a sroup of

endotheliodd cells in & small amount of amorphous ecsinophilic materis) and



saattered hetwasn the endotheliold cells were lymphocytes.  The pewiphery
of the fellicle wag formed by clircumfeventlally grranged fibroblasis and
collagen fibwos, amongst which were scatiered lymphocyies. A few poly-
norphonuclear leucocybes vere often seen in the follicles amongst the other
cells and gient cells were readily found associabed with them also (Tig. 58).
Where the lung parenchyma wae not obliterated by the lowge numbers of folle
icles it was poesible to discern that some of them had developed within the
interstitivm of the alveolsar wall end otheras were seen in seplal and peri-
brounchial lymphatic vespels. “The alveoll adjacent to tho comlescing folls
icloeg were full of alveolar muerophages and endotheliold cells.e The alw
veolar walla and the intereititiel tissue avound blood veusels were thickened
by celiuvlar scoumulations of lymphocytes, fibrobluasts bud also some plasma
cells and endothelioid cells.

Follicles were Tound in the bronchial Lymph nodes and in one case a
small foou: of crlolfication ocourred.

The liver lesion consisted of ftuberculous nodules similar to thege dn
the lung. Acid fost orgenisms vere found in only two cuses in gections

gtained by Ziehl-Neclsen.

Discussion

The eradicotion of tubsrounlosis in the bovine and the decline of the

disease in man should result in s corvesponding lowvering of the incidence
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of tuberculogis due to the memwalizn type of M, tuberculosis in the pig.

Tuberconlosis in the domestic fowl dsg still frequenily seen hovever and thisg
prabably sacounts for the prepondersnce of infeebtion with this type in whe

pig ao ip illvetrated in these cases. Modern intensive methods of plg and
poultery husbandry maeke it less eagy for the two specles to mix and consequently
one mighd oxpeat the incidence of tubercurlosis in the pig due to the svian

type of oxganism to decreans also. lrom the cases seen iIn this series it
would appeey thet plge are only exposed to & very low level of infection

ainee only one of the thirteen cases had axtensive lesions.



Fig. 55 Tuberoculosis: oomplete obliteration of pulmonary structure by

oanlcification, fibrosis and cellular infiltration. H. & E. x 50

Fig. 56 Tuberculosis: bronchiole with murked infiltration of its wall by lymphoe

cytes plssma oells and large mononuclears. He & Eo x 150



Fig. 57 Tuberculosis: oconfluent tuberculous follicles producing pulmonary

consolidation. He & Eo x 50

Fig. 58 Tuberculosis: tuberculous follicles one of which has a gilant cell

at its periphery. H. & E. x 150
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PHEUMONTA DUE T0 METASTRONGYLUS APRY

{1) %he Patholopgy of the Disease Seen in the Pileld

The plg, in common with geveral other snimels, is paresitised hy lunge

HOXTHE » In the casa of the pig these belong to the genus Metastrengyluss

by fax the commonest species found in Britain belng Metaatrongylus aprie.

Thig porsolite lo a frequent ocause of coughing end pulmonary lesions in pige
which are kept out of doors gnd it is alwo responaihle foy some lung leaions
seen in pigs kept indoors which had previously been reared ouldoors.

The pathology of seventy seven ceses of naturelly occurriung Meta-
strongylosis was studied., Sixty~five of the cases were oocllected ab
abahtoirs and the remaining twalve / wora animsls coming direst to the labe-

oratory from pig farms.

Nacroseopic Pindiogs

The lesions resulting fyrom lungworm infestabion were of three types
(1) lobular arens of vesiouler emphysema (2) small patches of consolidatlon
and (3) nodules which protruded sbove the gurface of the lung.

Occasionally all three types of lesion werc peen in the sane cape
but in the specimena described here nodules alone or nodules snd patches
of consolidation ocourred morse frequently. ALl of the lesionas were mosy
frequently found in the diephragmetic lobes, pexiiocularly the nosterior

half of the diaphrasumetic lobes at the posterior tip of the lobes and wlong
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the busal horders The apical lobes, the sardiac lobes end the intermediate
lobes vere sffceted in some tuses.

Vesiculer empbysema usuplly appesred as trunesied trisngular sheped
areas conforming to the outline of one or more lohulas invarlably at the
edge of o lobe with the apex of the triangle pointing medianlly. The affecied
lobules were vhite ralsed above thedr neighbours and the free edge of the
jung at this polnt ves rouwnded end protruded oubt of line with the goneral
sontours When the plenral surfece ox a cub purfsce was ingpected clogely
the alveolar dilatation could be appreciated macresaopicslly.  The bronchi
supplying these lobules weres packed with lungworms. lYedules snd sometimes
small patches of consolidetion were scen in the emphysematous lobules snd
thon the well defined ghape of tha ares wes lost but the pallor and uffie
neps compared with surrouwading normel tissuve was stilll preserved.

Patches of consolidation vere ususlly smsll sublebular in size and
seettered in the predilection site for the lesionss. they were plnk, greyishe
pink, or greyishepurple, snd sometimes small vhite spots could be seen in
them. They were frequently slighily raised and if larxge enough to palpate,
felt very firmme. They were nwost commonly sgeen in the posterior half of the
diaphragmatie lobes on the costal or diaphragmatic surfases and st oy neay
the basal border, bubt also ocourred in the anterior lobes of the lungs.

When they ocourved at the extreme edye of the lobe thoy somebtimes dbulged

outwards, distorting the shape of the edge. A small number of lungs were
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geen with larger paitches of Gormo}.ide,t:i.or; ig the dlaphragmaetic lobews  These
ware thiee to four leobvles in size and oimilar to the smnlleyr lesions except
that a larger mamber of wvhite spots wes offten discemable.

Hotules cocurred mosht fyequontly in the dlaphragiatic lobes eidther
singly or ln amall groups near aveaps of consolidation oy cmphysema, if thesa
vere present {(Mg. 59).  They veried from 0.l ome. » 1.0 oms in diemeter
but weve mostly 0sd « Gpb cme A cousilderably portion of the nodule pro-
truded from the lung, particularly in the ouse of the lavger ones. Hodules
pgould zlso be seen in the lung Af it was seciloned and vhen the snall bronechi
contialning the lungworms wvere opened, they were pometimes pean protruding
slightly into the lumenrn., Their ocolour wasg generally groy or grey-~purple.
Although they were usuvally found in the posterior half of the diaphrazmstic
lobes they wers also seen in the apicel or cardiac or intermediaste lobes in
Asome CaBeD .

Lunguorms were found in the small bronchi near the lesions and were
elways present if there wae well devel:ped vesicular smphysetia. If nadules
only wera found lungworms were someilmes esbsent, and in some cases with only
one or two worms there were no maoroscopic lesiong in the ssgociated pulmonery
tissue. The lungworns were found in the smellest bronchi and comsequenily
the bronchinl free hod to be opened to its finest remificstion bhefore they
vere discovered. The walls of theae small bronchi contoining worms were

often ohviously thickencd und pometimes the lumen appesred dileted. The



w 176 -

commonent site in which tThe worms lived wosm again the posterior half of both
Aiaphraguntic lobes and particulsrly the posterior tips of this regsion (Fig.
60),

The bronchial lyumph nod:qs ware either only slightly enlarged or net

incregsed in siza ab all,

Microscopic Findings

The lesions geen microscopically were guilte complex and were best
degeribed under four hesdings (1) bronchisl snd bronchioler changes (ii)
cuphysematous sreas (iii) consolidated areas (iv) nodules.

Bronehial and bronchiolsr changes: Seetions of sdult worms cub in
vsrions planes were seen in the bronchi and bronchioles (Figs 61)s  The
fomules were easily identified by the larvated egge dn their wieris. in
longitrdinal seotions the worms could be seen extending from the bronehi
into ithe bronchioles and the snterior end was somobtimes seen in the alveolar
ducts and alveoli.  ‘fhe bronchioles ware often congidersbly dilated by the
mesn of wormg,  Surrounding bthe woris ves sn exudate rich in mucus end
gontnining a variety of cellsy cosinophila, polymorphonuclear leucooytes,
lymphocytes, plosma cells and macvopheges. In some ceses the cells ware
predominantly ecsinophils. lervelted eggs were aglso seen in the exudatle
end some hronchioles were meen which did not contein worwe but wevre dilsted

and packed wvith the exndate and lerge numbers of egnu.
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The following changes were seen in the bronchi and bronchieoles in the
affected lobules irvespective of the presencge or absence of worme.

Mucoid metaplasis ocourred resulilng dn a strilking incresse in the
nusber off mucus secreting oells in the bromchiolar and bronchiel epithelium
ab tho sxpense of ciliated cells (Fig. 62). Vhen worms were present focel
patchos of abrophy spd hyperplasia occurved in the epithelium. ‘he former
being due to pressure by the worms on the luminal surface.

The lamina propria wes infiltreted by coginophils, In some cases
these were pregsent in large numbers by themselvea but usuelly there were
moderate numbors mixed with plesma g«lls and some lymphogytes. The cells
vere sometimes aceon migrating through the epitheliuwm. Hypertrophy and hypere
plasia of the musculeris was an arresbing end frequently found slieration
resulting in the smooth muscle layer being up to five or six times thicker
than normal (Fig. 63%).  This kypertrophy was best developed in the bronche
ioles but slso oceurred in the byenchi and was seen in the alveolar ducts
too. Uellular scouvmulations developed in the peribronchiolay tissues and
agein cosinophils were sonmetimes the dominant cell slthough if the agoumbe
lation wvag diffuse a mixture of eosinoyhils, lymphocytes and plasma cells
wag usnally seen. In most of the cuses peribronchiclar lymphoid nodules
had developed either in a group mnilaterally or Hrming a ring of nodules
around the bronchiole. If longitudinel sectlons were studied this lymphodd

sheath was seer extending from the Bronchicles into the bronchi where 1%
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vas procent hetween the mupcularis snd the cartilege aﬁa frequently rosulicd
in destyuction of most of the bronchial glands.

Emphysematous Aveass The bronchiel system showvad the changes alveady
degcribeds The alveoll, alveoley ducts and sometimes derminal bronchioles
were mavkedly dilated and there was thinning of the slveolar walls (Figs 64).
The overdistension had resulted in yupture of some of the walle produping
small amphysematous bullne,.

Congolidated Avead: 'The patches of consolidation had severald differont
appearancses.  In some 1obu1§a the alveold and alveolar dueis were full of
oedema fluld or mucus mixed with large numberg of sosinophils, polymorphow
nuelear leucocytes, pleaoma cells, lymphooytes, alveola®y macropheges and
saabbered amongst these varieble numbers of multivucleanted glent cells with
slightly basophilic hyaline eytoplasm, In addition 0 thege cells larvated
aggs wexre present, occasicnally in large numbers. The eggs sometimes resulied
in & loeal concentration of eosinophils and the egg shells appeared 0 have a
thick layer of eosinophilic meterisl on them similey to wosipophilic granules.
Bgep were alpo seen ingide glant cellsg and alwveolar cells were increased in
the nlveolay wellse

In addition to this diffuse type of reaction consolidation resulted
from large muibers of sosinophilic grammlemas or eosinophilic sbscesseg ox
& combinagbion of these developing in a lobule. Thesme weve raapctlons bo

napirated eggs which were often seen at the centres of the lesionse The
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eoginophilic granulomns conglsted of & ceniral nmass of ébsinophils surrouded

by maorophazes like endotheliold cells (Fige 65)¢ They hnd large ellipiical —_—
nucled with well stalned nuclear membrane end had hysline lightly basophilie
oytoplaom. Sometimes these cells appeared %0 have Tumed together to form a
synceytivm. At the pewiphery were lymphocytes, plasma cells and some fibro=

blagts arranged concendrically. Hosinophils could bo seon migreting betveen

the various cells to the gentre, IMmltiracleated giant cells with nucled

and cytoplasm similar to the endothellioid cells ocourred elther at the centro

of the lesion or st the poriphery.

Rosinophil abscesses wera fooal lesions with o large central brightly
aosinophilic mass of oosinophils whioh were necrotic (Pig. 66). It vap
usually more difficult to didentify egg vemains in these. Avound the centyal
nasa of neovobic eoplnophils were lymphooytos, plasma eells and macrophages.

An additionsl lesion found socompanying those deseribed above and which
contributed to consolidation was obliterative bronchiolitis affacting fterminal
bronchioles and the alveoli snd alveolar ducts near these. The proliferation
of fibroblests in the wells of the alveolar ducts and alveoli had thickened
these structvres and produced polypoid magses protruding inte the alr passage
and extending up the terminel bronchioles. The apithelium over these nassen
and in the affected alveocli and alveolay ducts ues very noticeabla. The
polyps and wells of thesse structures were infilbrated by eosinophils, plasms

cells, lymphocytas and msorvopheges. Small patches of epitheliellsation also
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oocourred,

Noduless The obliteration of pulwonary pavenchyma by developing lymphodld
nodules sonmetimes produced congolidation but more Lfrequently this appesved
magroscopically as & definite raised nodulce

Histologde: 11y these wera scen gt different stages of development,

The earliest specimens had a ceniral sosinophilic nass which was obviously

a dead lunguorm and oociaionally the cutline of the innex part ¢f the byronche
iolar wall could be discerned. Surrounding this was & masg of coslescing
hut discrete lymphoid nodules seperated by a capillary nebwork so that the
nodule of'ben looked like s bunch of grapes. (Older nodules op tengeuiial
gectiony through early nodules simply sppesred as a diffuse mses of Iymphold
sells or as a mass of coalescing microscopic nodules {(FMig. 67).

A% the periphery of the nodules the alveoll wepre collapsed and contained
alveolar mucrophages.

A5 well as the changes desoribed sbove cellulay infiltretions were geen
in the pleurs, and the pepta, Usuaglly this was o mixture of eosinophils,
plasme cells, lymphocytes end masrophages but oocasionally eosinophils pree
dominated snd sometimes small lymuhold aggregates were formed. These were
also seen occasionally dn dhe alveolar waells scabterad throughout a lobule,.
Around blood vessels, pulmonary vsing and the smaller brenches of the pule
monary ariery, oollections of cells eimilay to those in the gepta and pleuva

were ohsarved,
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Uany lynphoid folllceles with large govminal centres were seen in the
bronchial lymph nodes and there vere large numbers of sosinophils in the

loose lymphatic tissues

Discussion

The pathology of the legions in naturally occurring lunguvorm infesim
ation in the pig has been briefly described by other workers (Dunn, Gentles
and White, 195%, Yhittlestone, 19%7b, MacKenzie, 1958s).

The poewmonia produced by M., apri resembles enzoctic pneumonila in some
fontures, particularly the peribronchiolar lymphoid byperplasla and also to
some extent in the alveolay resction with plasma oells, lymphogytes and ale-
veolar macrovhages. In the latter lustence however cosinophils srae also
usually presgent in lgrge numhers compared with the ocospionnl eosinophil
which ig yegulaxly seen in the alveoli in enzootic pneumonla.

#lthough peribronchiolar lymphold hLyperplasie is o featbure of hoth
digeases the reaction is more eoxtreme whon csused by lLungworns. Initially
the changes iu the peribronchiolay and bronchial tissues resemble each other
but s the diseases progress they diverge., There is more involwement of
the bronchial wells in the pnewnonia due to M. apri and the final stage of
the lymphold nodular development ip essociated with the lungworms dying in
the bronchioles with conplete destruction of the vbronchlolay wall which 4w

then replsaced by a mass of wicroscopic lymphoid nodules to produce a nacyo-
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seopioally vieible nodule,

Degpite the similsxities Vetastrongylosis does not present a najor
problem in diagnosis becanse even 1f worme ove sgbsent the mmooth muscle
hyperbdrophy, the mucoid metaplasis, the sopirsted eggs associoted with
granulomas or eowinophilic abpeesges, and the magsive nodular developuent
are characteristics The obliterative bronghiolitis and the patches of
epithelislisation are also useful pointers but might be simulated by orgauis-
ing exwdates and alveolar fibrosis eund eplthelialisabtion that mey develgp in
Long stending simple or euppurative bronchopnevmoniass. Vhile it i relatively
epgy Vo dlsgnose the presence of lungwovm Infestation, in some cases with
legions in the anterior lobss of the lungs, one might have reservatlons ahout
stating wequivocally from the lvistopathology alone vhethey or nol thers was

co-exipting enzaotic yneumonice



Fig. 59 M. aprit several nodules and mild vesicular emphysema in the posterior

parts of the diaphragmatic lobes.

Fig. 60 M, apri: lungworms in a bronchus at the posterior tip of a dia-

phragmatic lobe.
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Fig. 61 M, apris 1longitudinal section of bronchus conteining adult female lung-

worms with atrophy and hyperplasia of the epithelium. H. & E. x 50

Fig. 62 M. apris mucoid metaplasia in the epithelium of a bronchus.

H. & E. x 150



Pig. 63 M, apri: hyperplasis and hypertrophy of the muacularis of a

bronochiole containing two lun,worms. H. & E. x 150
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Fig. 64 M. apri:s vesioular emphysema with distension of the alveoli and al-

veolar ducts. H. & E, x 50
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Pig. 65 M, apri: eosinophilic granuloma with a central group of small dark

cells which are in fact eosinophils . H. & E. x 300

Fig. 66 M. apri: three eosinophilic abscesses, the largest of which has an

egg near the periphery of the d:urk mass of degenerating eceinovhils. He& E. x §
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histological appearance of large lymphoid nodule which wes

Mg. 67 M. apris

& B, x 50

He

discernsble msoroscopically.
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PHEUMONIA DUE 70 METASTRONGYLUS APRI

(2) Introduotion te Experimental Work

It was pointed out in the voview of the literature that some studien
had already been made on Meitastrongylus infection {Dunn, Gentles and White
1955, Dunn 1956, MacKenzie 1958 a,b, and 1959) ., In these gtudies howover
although the inecidence of lungworm infestetion found at abatioire was dosge
eribed no indication was given sbout the severity of the parasite burden
in individual animals, and ab the time the investigations described in thig
thegis were started the progressive pathology ol the condition had not been
studied expeximentelly in detail.

A survey of the incidence and severity of Metastzongylus infestailon
in pign in centrel Scotland was therefore carvied out and the edult female
M. _aprd collecied were nsed to provido eggs for earthworm infectlon so thatb
third stsge infective larvas counld be obtained o the experimenial infection
of pigs.

The serial pathology of the pneumonia assoclated with the adult siage
of the parasite was studied in experimentelly infeoted pigs.

It has been shown that it ig possible to vaceinate catile angeinst

Dictyocaulus viviparus ueing x-irvradiabed third stasge lavvae of D. viviparug

to stimmlate aotive immuniby (Javrett, Jennings,; Molntyre, Mulligen end

Vrquharc, 19%7). Tho possibility of this process being ueed to proteet



w 180 »

the pig agsiast ito own lunguorne seomed feasible and consequentily two more
experimonts were planned. Ik one the effcet of graded douses of x-irradiation
on the third stege larvae of M, apri was studied and dv the second an atbempd
vas made to demonstrate that plgs vacoinated with xelrradisted third stage

larvac of M, apri wers immune to ¢hallenge with normel infective third stage

larvae of Me aprd,
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PHEUMONIA DUE 90 METASTRONGYLUS APRY

{3) The Incidence mnd Severity of Hetastrongylve Infestation in Pizs

Slgughtered in Central Scotland

The object of this survey was (i) to determine the numbey of worms
ocoourring in the lungs of plgs going to an absttoir in Jentrsl Scotland,
(i1) to dipcover the overall incidence of the disesss in thip population
and (1ii) to £ind out the sex ratiq of the worms in these naturally cecenrr-
ing ceses.

The lungs of plgo olauvghtered at an abattolr in Stirling were examined
in the course of ten visilts which wvere made beiween Jnly 1952 and June 1960,
At each viedt the lungs of the pigs were examined consecutively as they uere
renoved after slanghter and there was no special selectlon of lungo. There
wag one exception to this method of examination and that wng a group of ten
sots of lunge vhich were deliberaitely collected becmuse they contained lunge
WOTTHE o these lunge ware not included in the incidence figures vut the
wvormg in them were included in the figures for the levels of pavrapiiism found

and the sex vabios of the worme,.

Hethoda
The method of examination was to incise the diaphragmsabtic lobes of
each set of lungs aboub 2,0 oms. from their besal bordera throughout thelr

entire length, i.o, from the posterior tip to that part, adjacent to the
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cardipse lobe. The apieal and cardiac lobes 0f each lung were algo incised
sbout 2.0 cms, from their ventral tips. Vhile the incisions were being
wade the lung wes pressed and shy lungworms present wvere eassily seeun in

the bronchi.

Lupga which were found to conbain wormz were yetained to be taken back
to the laboratory where they were opened by cutting down »ll the branches of
the hronchial tree with scissors. Vhen lungworms were found they were
removed and put into isotonic salines, 4 record wes kept of the lobe of
the lung they were found in and vhether it was the left lung oy the right
lung, The worms were later counted, sexed and represcntative senples were

pxamined below a stereo wmicragcope for identification.

Reoulte

9% sets of lungs out of a total of 1,113 examined contained lungworms,
vhich gave an overall incidence of 8.4%.  The pereentage of lungs with lung-
vorms at smoh vislt is showa in Table S

Yhe notual numbers of worme found in each set of lungs ia summarised in
Table 10 and it ¢xm be seen that most Lluogs had less than 50 worms. This
group of animals is further broken down in the histogram (Pig, 68), vhich
ghows that in the group, nearly 50% of the animals hed less than 10 worms,

When the sex vatio manlesfenele was caleuleted for cases with both

sexes present, theve waes a wide seatter of results (Fig. 69). The ratlos
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Table 9

THE  INQIDENCE OF METASTRORGYLOSIS IN PIG LUNGS EXAMINED

AP AN, ABATTOIR XN  SCOTLAND

Date of Examinabion Nos of Geses Exemined igéggizgs Persggzage

laanguonins
July 1959 89 6 6o
July 1959 131 17 13.0
August 1959 119 5 42
Magust 1959 122 13 10,7
August 1959 73 g 5.2
August 19%9 167 T 42
Nesembey 1959 79 21 26,6
April 1960 86 | 7 2,3
May 1960 120 % 42

June 1960 2T 3 11.1

Totalz and
Overall fncidence 1,113 93 Bed
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Table 10

LURGWORMS

INPESTATION

I 103 PIies

Ho. of Worms in
Dach Set of Lungs

No. of Pigs Affcoted

1
5L
101
151
201
251
301
351
401
451

501

e

50
100
150

200

350
400
450
500

550

551 - 600

a9

A < B
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Figure 68

MIE  SEVERUSY  OF  LUNGUORM INFGSTATION

IN 89 PIGS WITH LESS THAN 50 YWORMD
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A IN NADURALLY OCCURRING MUTASTRONGYLOSIS
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Sex Matio %



ranged from 0,04 t0 6.0 althovgh in mogt onimals 1% wes lees then 1.0  In
the group with one sex abgent there were 2% cages which had ne males and only
ong case with no females. ALl of these pigs except one with no meles had
loas than 10 lungwormg.

Imnguorns vere found in the dlaphregmotic lobes in all of the cuses,
particularly at the posterior tips of the lobes, In sdditlon, in one cese,
worms weve found in a cardiac lobe, in snother they were present in an apical
Jobe and in three cases they ocourred in both the apicsnl) and cardiac lobes
of the lungs. Three snimals vere seen with worms in all of the lobesg of the
Tungs dincluding the intermediate. VWhon lungworms were present in all the
lobeg including or emoluding the intermediate the pawssitic burden was heaview
than averasge, and mwore than one hundred lungworms were found in four of the
six cases involved.

The spacies was identified no Me aprd in every case but one. This
auimal had nine"he;m lungworms two of vhich were ddentifled as female M.

pudendotectus. ‘'these worms were mmoh smaller than lemale M. apri and were

approxinately the smme size as male M. apri, but appeared thicker than thepe
worms to the naked aye (Fig. 70). Vhen examined uader a microscope the
large spherical provegina (g, T1), charactierisiic of the apeoles was easily

SeRY,

Discuggion

The incidence of lungwornm diseuse in vaviousg reoglons of the United
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Pig. 70 Two female M, pudendotectus (lower left) below two male M. apri

(upper left), compared with two female M. apri (right) for size.
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Fig. 71 Posterior end of a female M. apri (above) compared with the posterior

end of & femele M, pudendotectus (below) showing the spherical pro=-

vazina of the latter. x 60
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Kingdom has been inveatigaibed by severa1.WQrkers. The only othey survey

in Scotland wes csrried out by Roberison (1937) who found an incidencge of
13.,1% vhen he examined 1,009 sets of pig lungs et an abattoir receiwing

plgs from farme in northwenst Sootland. This figure is not markedly difley-
ont from the one found in this survey although it is likely that more pigs
are kept indoors on conorete now than in the thirdies.

Lewis (1926) found an incidence of 50% when he exemined 137 pigs in
mid-Wales snd a more recent survey in Englemd (Dunn, Gentles and White, 1955)
reported the incidence s 18.3% of 1,238 pigs exsmined in a bacon factory in
Cheshire, 26.0% of 366 pigs examined in London and 27,0% of 118 pigs éxamined
in Hersford. Uhen Whittlestone (1957b) examined 4,457 lungs representative
of pigs from 1% counties in England he found that 29.0% had lungworms. He
was able to trnce hig material back to the faxmy and discovered that 29 out
of 32 forms were infected. Dunn e% al. (1955) also traced their pigs to {he
farn of origin and found that 99 out of 224 farms were sources of infeciion,.
MaoKenzie (1958a) examined pigs of all ages from one herd with lungworm and
reported that 69.7% of store piga, 59.5% of pork pigs and 53.2% of bacon
plgs were affected and in addition 13.0% of the bacon pigs had no lungworms
but hed lesions atiributeble to previoug infeections These fignres demon-
strate thet on any one farm the number of pigs affected ¢on be high.

There was considerable fluctuation in the daily ilncidence in this suxrvey

a8 ¢an be geen in Table 9. Mo some extent this probebly reflected the
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nanegement policy of the rbattolr sinoce there were days vhen large numbers
of pigs were slaughtered from intensive herds vhore the pigs may not have

had access to eavthvorms and inevitably this would mesn a lowering of the

incidence.

Moat other surveys have not given f{igures for the level of parasitism
in individual mnimsls. Hobertson (1937) seid that the average was 11 lung~
vorma per pig in his survey with a range of 1 to 65, aund Dunn et al (1955)
described lipht infeptations in most pilgs with 10-50 lungrormss

MacKenzie {1958a) gives averags figuves for the lungworms found in the
store pigs, the pork pige, and the bacon pigs on the farms he investipgated
end these were 15.4, 13.7, and 5,4 respectively. The highest individual
gounts of 100 or 200 lungwerms wero obtained in the twe younger groups. In
this survey algo, althongh neavly all of the pigs examined were baconers the
fivo higheat lungworm counts reocorded were in pork pigs. Counts higher
than 25 were not scen hy Yaeolenzle (1958a) in bacon pigs, but did ocour in
thaae reported here. Moot of the pigs in this survey had s relatively omell
nunber of lungworma and thio waes probably due to (i) o low level of challenge
end (1i) the foct that many of the cases were seen vhen the worm burden was
dying off,

Wwing and Todd (1961) exnmined the sex ratio of Metastrongylus in 100
pigs at Wigconsin, U.S.4. and found that the overwcll ratio was %:2 in favouw

of the female. They reported considerable variglion in the ratio within a
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given snimel, but did not give the Ligures and also described some snimalp
which were parasitlsed by e single sex, These findings eve similar to the
situation described here. In axperdumentally infected animals killed eight
veeks after infeotion the sex yatio moler:fenale ism 0.440.2. If this dis true
in the field 99% of the population should be betwesn 0 « 0.8, The pigs with
pex ratios higher than this might represent the late stage of an infeotion
with preferential lose of females, s phenomnenon that iz known to occur with
othey species of nematodes {Urquhars 1965, personal cowmwnication), ‘The
large nuwber of pige with no males bowever g.nnot be explained on this basis,
but since these were pigs with smell numbers of worme it is poseible that a
mele wee missed bedause they are much smalley than the female.

Thore wag no corvelation bhetween the sex retios and the numbsry of lunge
vormg preésent vhen this wasg plotied as a graphe.

‘The digtribublon of the lungwoyrms within the lungs in this serdes is the
pawe as that reported by the other wvorkers ciited. HNone of thew, however,
recorded finding lungworms other then M. aprd and alithough Lapage (1956)

M. pudendotectus oseurs in Britein, no details are glven.
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BHNRUMONTA DUER T0  MRPASTRONGYLUS  APRI

(4) he Life Gycle of Metas iyongylus sps ond the Method

of Culturing the Infeobive Larvae of M. apri, with scme Obger-

vabtiong on the Intermediate Hogl

The three mainm specier of the genus Mebtostrongylus which paresitise the

pig are M. apriy M. selaml and M. pudendotectus, although others heve heen

deseribed such as M. modagascariensis (Chabsud snd Gretillat 1956), Dot

ailed dosoriptions for the identification of the three moin specics were made
by: Gedoelst (1932) and Dougherty (1944). Uoing their ovditerin it was
found in the supvey describel in the previous pectlon that M. spri was by
far the commonest of the trio ocourring in Byitain. The workevs quoted eariier
ha@ einllar results and it wes decided therefore to vee this species Loy all
oxporimental worlts

The definitive hosts of M, apri sre celthar domestic or wild pilgs and
an intermedisnte host is requived before the life ¢ycle cun he completed.
Although pigs ave the novmal hosts for the adulis, one case hag heen recorded
deseribing their occurrence in the lungs of a child in Spain (Gonzalez, 1951)
and there ave reports of them reachivg meturity in the lungs of a dog and in
guines pigs infecied expevimentally, (Schwartz and Alicata 1934, Dunn and
wWhite 1994).

The intermediate host is variovs speoies of eavthvorms witich becoms ine
¥
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fegted by ingesting the larveted eggs occurring in the faeces of parasitised
pigs. The life oyele was studied in detail by Schwartz and Alicata (1929,
1932, 1934) who maintaived that the eggs did not usually hateh in the Taeces
of the pig befora ingestion by the earthworm, although it was possible to
infeot the eavthworms with the fivst steage larvae experimentally. Pig
Lungworn sgus ave suscepsible to desiccation and high temperatuves {Ketes
1941), After desiccation they do not survive longer than 25 days at 1700
to 220 and only a small number of eggs will survive 50°C For 10 minutes.
They can, however, survive freczing at temperatures of -8°¢ to -20°%C for es
long as 108 days. '

When earthworms ingest the eggs the larvae hatoh out end burrow into
the tissues of the Intermediabte host, acowmilating in the wall of the ceso-
phagus and in the lupilna of the lavge vessels enciyceling the oesophagus called
the heards (Schwartz and Alleatay 1934).  Occasionslly larvae may be Found
in the wall of the crop or the intestine but rarely are they seen in the
glaserd, In these sites the larvae molt twioe to become the third stege,
whilch is infective. The £irst molt occurs between 8 and 15 days after ine
gegstion, dapanhing on the ambient temperature snd the second molt tokes
place on the sueccesding day.

& widse vardety of eavthworms have been shown experimentally to be capable
of poting 0o intermediete hosts (Schwartz and Alicats 1934, Dunn 195% and

Dayton 1957). Thip includes the spocies Allolobophora terrestris,
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A. caliginosa, As chloxotica, Ticonla wosos, B. foetida, . lommbergl, Lumbricus

torrestris, L. rubellus, Helodrilue foetidug and H. ¢alinginosus var. trepenoides.

All species ere not equally susceptible however, end Duun (1955) found that
e Togtidn was the most essily infected expsrimentslly, Whis earthwornm was
thevefore used as the internmediate hosl in the vork desoribed here,

Darwvin (1862) estimated thet there might be es many as 26,000 cexthvorms
per acre in a field,; in vhioh ocagse there is obviously no shoxtase of inter-
mediate hosts for {the parasite 1f plgy are reared out of doors.  Although
the lifespan of an earthworm is not kiown, some are reporied to have lived
for ten years undér laboratory conditions (Nicholas 1949) and MeKenzio t1958a)
reported that pige had bhecome infected from pestures free from plge and plg
manure for three years. Preceding the three yoar interval the lanud had heen
intensively grazed by piges. If the infective larvae survive sz long as the
earthwornm it is possible therefore for land to harbour infective earthworms

™~

for at lenst ton yonrm.

Method of Culture

In order 1o produce infective thivd stage larvas a means of maintaining
a large aumber of sarbthworms in a heslthy and visble condiiion had fe be
devised. The species selected was §, foetide which is commenly found dn
manure heaps and compnst and is easily recogunised by the yellow and reddish

broun bands on ite body. ‘he sarthvorms were collected in lerge pails Lfrom
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the manure heap of a 1local farm on which there had been no pigs in living
momorye They were distribubted from the pails into groups of 200 in large
flower pots. Tho flower pots had e dismeter of 7 inches at their open end
and a loyer of paraffin wax wag poured Into the bottom of the pot to seal
the drainage hole in the bage. Each pot was filled to within 2 inches of
the top with menure from tho site where the worms vexre gollected and the 200
wormg llved jin this until they were required for experimentnl purposes.
The top of the pot was covered by & sheet of polythene which was perforated
in the centre to allow fyee aevation of the culture and was secured to the
pot by an elostic band,

Borthuorm cultures were infected by adding large numbers of the female
Mo apri collected during the abattolr suxvey, o the menure in the pota,
Under the conditions of culture these dipintegrated rapidly and libervated
the larvaied egegs in thely uteri (Jige 72)¢ Tho floid in which the lunge
worms had been collocted and counted wee also added to the cultures since
thia usually contained large numbers of egge from ruptured females., The
cultures were kept for at lemst two months from the time of infection to
nllow the ecarihworm to pick up a large number of eggs, before thay were used
to infect piga.

The flower pote were kept in a centrally heated building where the
temperature fluotnated between 6G°F and ?OOF and it was impoxtant to inapecd

them regulerly each week to meke sure that the oulture medium Aid not dry up,
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othervise the worms died very guiockly, In wdaibion %o apraying the culture
with water an additional supply of nourishument was made available sinee it
was thought that the organic material in the menure might not keep such a
large population of worms alive for several months., The extra food was
a mixtures of equal pavts of tuo proprictory diets for lahoratory animals,
Diet 86 and Diet 18, Since these were in cube formy thoy were crushed iato
o rough poudar before belng sprinkled over the culbuvres once a week.

Four thovgend infected osrthworns were successiully kept under these
gonditions, and some of them were cultured for seven wmenths. The infechive

third stepge larvae vere still viable at the ond of this peviod.

Method of lizemining Barthwoyms snd Collecting Larvae

Tuo methods were used when exmmining earthworns f'or the presenca of
infeotive larvae. in cach case since the number of larvae in the posterioxr
half of the earthworm is negligible only the anterior half containing the

oesophasun vas exomined,

Methaod 1

Tho earthworm was removed from the eulbture and put into & bhesker of
vater o clesn grit and debxis from ite skin, It was then picked up with
a palr of forceps and cut in two with golssors. VWhen doing this a smell

portion at the hoad was snipped of firat to remove the cerebral gangliae
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The antorior half was put on a slide and cut open longitudinally with scissors
and the internal organs were removed. The body wall and the viscera were
pressed between two microacope slides which wevre then held together by rubber
bands placed cover their ends. This pressed preparation could be exemined
under a microscope and although larvae were ocasily recognised in the tissues
or the hearts (Pigs 73), if large numbers weve present they were diffieult to

coumntbe

Method 2

e anterior helf of the earthworm wos obtained gs in the previous method
and ves then chopped into small pleces using scissors. ‘The frasments were
left in a petri dlsh either in water oy in isotonic saline for several hours,
at room temperature, If larvas were present in the worm they migvated out
and could be seen curled up or moving on the bottom of the petri dish, wsing
a steriogcopic micropcope. Vhen the boltom of the petri dish wag lined
uping 2 glagv-diomond it could be weed ou a simple counting chamber.

The numbers of larvae leaving the worm fraguwents weve inoremsed by putb-
ing them in a 2% pepsin soludion buffered at pH 2.0 snd incuvatbing them for
half an hour at 3700. A 2% trypsin solution was also used sometimes for
enzymatic digestion of the fragments, and bad a aimilar effect.

Host workers in the pust {Sullivan and Shaw 1952, Duna 1956) gave pige

infected eorthworms or fragments of the epythworms to eat vhen they vanted
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to produce the disease experimentally and estimated the dose given by caleulwete
ing the mean nwwber of larvae per worm in their culture population of earihe
worms, from & small gample of the eavthworms vhich were killed end examined
microscopically., It wos felt that this method was not precise enough for
guantitetive studias. The following method was uwsed to provide a suspension
of larvae wvhich could be counted accurately by & dilution method before it

wes divided into the required dosea.

Jines a considerable amount of fime was involved in preparing the lexyvac
gsome idea of the number of earthworms required vas NeCESSAYY. This wag done
by osloulating the mean nwsber of larvas and the sisndard deviatlon on a
gemple of five earthworms from ench culture uwhich was available for use.

The number of larvae in each worm vas oounbed using method 2 withoul employe-
ing ensyues., Twice fthe giandayd devistion wes subtracted From the nean

and this figure was taken as the minirmm number of larvee in esoh woxm in
the cultures Vaing this, the number of emrthworms likely to be ryequired
was calceulated.

The snjerior halves of the dssired number of eavxthworms were chopped
inte the smallest pieces possible with seissoys e bas alrepdy been described.
These fragments were put into 3.0 « 4.0 om. of wator in large crystallizing
dishes 19.0 ins. dispmetor x 10.0 in. deep and left on the laboretory bench
for %6 hours %o let the larvse escape from the frapgments.

After 36 hours the contents of the dighes were poured into Baermann
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funnels throngh o large sieve, 24,0 ins. in diemeter with 60 mesh/sq. inch

and a mesh aperture of 0.,0098", ‘The woxm frosnents were allowed to sedtle
on the sisve and then the fuunel was topped up with water so that the sgiove
and the fragments were Jjust immersed. Iinally, filter peper (VWhatmans Nos 1
10" diam.) was placed on top of the fragments to prevent them floating off the
pigve. The bottom of the funnel was closed by a piese of rubber tubing and
a gerev alip. The larvee wriggled through the sieve and could be collected
by drawing of fluid at the bottom of the Baermenn funnel. ‘Phis was done
hourly until sufficient numhers were colleoted,

The earthworm fragments vere washed off the siove and digested for one
hour at 5700 in 2% pepsin golution buffered at pH 2.0 The mixture was
allowved to cool and then Baermannised as before. This procedure gave an
additional supply of larvae for infecting pigs vhich would provide adult

My apri for new earthworm cultures.

Observation on the number of M, apri larvae in earihworms

From the epldsniological point of view it would be interesting to know
how many larvas an ~arthvorm is capable of ecarrying, since a pig at pasture
night not hove the opportunity to eat lavge numbers, Dunn {1955) examined
229 earthworms from o farm with Hetastrongylosis and found Metastrongylus
larvac in 21% of them. IMost of the worms had less then ten larvas but two

contained 250 and 360 respectively., In order to investigate the ability of
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earthvorms to cerry lavvee the Tollowing two sets of observations were mndet

Pen earthworms were chopped in ten lined petrl dishes, as described
before. TPwenty siz hours lator the numbér of larvae which had emerged from
the wormy vere counted and the worm fragments were removed to ten other lined
petri dighes. Mo these a 2% pepsin golublon buffered at pHl 20 was added and
the dishes were incubated for half an houwy ab 3?00. #fter they vexe removed
from the incubator the new lot of larvas vhich had emerged from the worm
feagments were counted. The resulis ave shown dn Table 12 in which it can
be seen that all of the worms except one bhad eontained over three hundred
larvae. Simply chopping the fraguents snd leaving them at room temperaturs
vas reasonably efficient in all oases except one vhen the pepsin digestion
liberated more lervae than had got out prior to this,

After this experinment some of the earthworin fragsmenits whioh had boen
peppinised were examined uging pregsed proparaitions and vhen consideradble
numbers of lurvae were aseen in them 1% becu:ms obvious that the flgures obe
toined in this experiment were not the maximum nuwbers of larvae in fhe sarihe
WOTTIS o

The wiiole preocedure was repeated on six esrthuworms. This time tryyaein
vas used as the engyme and all the fragmenis were examnined as prass prepare
ations afver enzymetic digestion. The frogmente were lefd for 56 hours
before the larves were counted and the digestion with trypsin wvas for one

hour. The reaults ore shown in Table 13, ALl of these worms had been
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Table 12

THE NUMBER OF M, APRI LARVAR DBHERGIHG FROM BARTHWORYS

AVPER  FRAGMENTATION AND  ENZYMATIC DICESTION

Wora Yo No. of Larvae No. of Larvee Total No.
* After 26 hours After Popsin of Lavvas/Worm
1 399 110 509
2 528 62 570
3 302 51 433
4 360 87 447
5 192 216 408
6 608 115 723
7 79 63 142
e 728 161 889
2 524 40 %64

10 317 50 367
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Table 13

R Ty

T _NUI‘CLBER OF M. APRI JLARVAR N SIX

EXPRRIMERTALLY  THNFBOTED BARTH WORMG

No. of Larvue Ho. of Larvae No. 0of Lpryae in

Total No.

Woxm Noe ) pior 56 Hourg  After Trypsin  Pross Preparations  of Larvae/vors
1 664 161 141 966
e 671 44 29 780
3 BO6 80 128 3,014
4 336 19 316 843
5 197 18 276 491
6 273 6% 200 538
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cavyying over four hundred larvae and oue had over one thousand layvae.

Bven with the longer period on the laboratory bench and itrypsinisation
cavrthuorms 4, 5 and 6 still retained a large number of lexvee in their
tlssues. In natural infeotions »il of these would be liberated besause of
oonplete digeption of the earthworm,  Although infected eaythworms have bheen
found in the field, in most cases the number of lavvae theoy conteined was
small. Ia the conditions undewr vhich ecrthworme live in the laboratory,
howevery one would expect higher levelp of infeetion o ogcur than in the
field since they are euposed o a very large number of lervated eggs vhich

are readlly evailable in their food,
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Fig. 72 Egg containing a first stage laurvae of M. ugri obtained from the

uterus of an adult female lungworm. x 900
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ge infective larveae of M. apri coiled in an earthworm's

PFig. 73 Third sta

x 150

heart,
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PNRUMOBIA DUE WO METASTRONGYLUS APRI

(5) Tho Serisl Pathology of fxpsrimental Infoctions with

Normal lLarvas

The gtudy of the pneumonia produced by HMetagirongylus apri in the pig

ineluded chasorvations on the changes ocourring in the lungs of snimals exuperi~
mentally infected with normal larvae and killed gt different times after
infection. Dunn (3956) briefly described the histopathclogy of the disease
in elght pigs infected in a variety of ways which involved {eeding siungle, o
repeated doses of earthworms containing lungworm larvas and Mackenzie (1959)
in a more detalled study repersed the pathologleal changes cocurying in 22
young pige infected with a single dose of larvee and killed ot intervals of

1 to 80 daye aftexr infection. Although o large nuwmber of pige were used in
thin experiment the number killed atl ecach stage of the divease was small
bocange of the Hime interval oovered.

During the course of the experimonts recorded here s seowviea of 27 pigo,
vhich had heen infected with noxmel larvas were available to study the sexial
pathology of the pneumonis ceaused by M. apri, asnd the opportunity was taken
to investigate the leslons produced by the adult stage of the pareosite in moro
detnil singe it was thought that vaccination and x-irrvediation would have

their most significant effoots al this stuge of the disease.

Mathods

The experimental pigs used were those desoribed in Materlals and HMethaods
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and at the time of lufection thelyr sges ranged from four.to eight weeks.

They vere housed on councreto during the course of the experiments in the
sccomodation wvhich vas desaeribed ecvlier and were killed ot the tiie intervels
after infection shown in Table 14,

The infective third stage larvvee were obtained from earthworms ss
dezoribed in section 4. The sugpensions of larvae collzoted fyom the DBoerman
fumnels wore gounted by a dilution methed and the yvequired doses for the pigs
wara transferved to universal conialners. The animals vere infected orvally
using the technique described in Materisls and Methods,

Before infection two fasces samples were examined from each pig using
the flotetilon method described Ly Dunn, entles and White (1955).  After the
pigo were infected facoes samples fyom most animals were examined at four wveoks,
five veeks, six weeks, sight woeks, ten weeks, twelve weeks, fourtwven weeks
and sixteen veeks using the MolMaster method employling satursted magnesium
sulphate to float the egps in the counting chambers.

After the plgs were killed smsll blocks of tissue for histologieal
gxemingbtlon were taken from all the lobos of the Iungs and the bronchial
lymph nodesgs  The entire brouchial systenr was then opened with scissors and
the lungworms which wers present were reomoved, placed in isotonlc saline,

and conutad later.

Results

The number of lungworms found in each pig at auvtopsy is shown in Table 14.
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Table 14

THE  RESULTS  AFTER INPECTING P»IGS WITH NORMAL, THIRD STAGE LARVAR

OF M, APRX

- ] Fpecal Hgg

No. of Larvae Wo. of ILungworms Buration of )
Pig Given a8t Antopsy Infection (weeks) Couréépe:.g.ﬁ vesks
H53 9,200 24019 4
154 9,200 1,023 4 -
Ll 8,000 2,151 5 -
12 8,000 142 p] B
L3 54900 809 5 -
14 8,000 24T7L 5 -
L5 - 9,000 366 5 -
6 9,000 816 5 -
M55 8,700 14533 6 5,100
M56 8,700 Ly 346 6 34250
MAY 2,900 85 6 100
142 2,900 109 6 50
M43 2,900 28 é 30
Y49 25900 530 6 550
M50 2,900 2 6 -
M4 44200 205 8 400
1y 44200 1,208 8 1,600
M12 44200 85 8 250
MLT 4,200 692 8 350
M23 44200 378 8 450
M24 4,200 99 8 250
M5 44500 7 12 350
M30 4,500 129 12 300
M3 44500 14 14 700
M0 44500 144 14 50
M6 44500 534 16 14750
P25 44500 5 16 600
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Inrveted lungworm egpe were first defocsed in the facves of mome pigs fouw

" weeks aftevy infection using the MoMester techaique bnt in others no eggs
wore found until six weeks, The peak periced of egy ynroductlon was six
woeks ond the faecal o counts at this time for &1l of the aninals are
ghown in Teble 14. TBggs were found in the feeces of all the »igs except
%, M3 and M25 until they woere slaughtered. When the faecal egg counts

at 9iy weeks, and the wvorm counts at sutopsy, of the three animale mentioned
vare compared with the eguivealent observations on the animals killed et six
weeks it ge-ms likely that the former pigyg had shed a considerable paxt of
theiy lungworm burden by the time they wore killed.

fhe pethology of the lesions found at esutopsy will now be described.

NMaorosconie Findings

4 wacks

In both animals there was a large number of lungworms in the smalley
branches of the bronchial system in all the lobes of the lumgs. Veslculer
enphysona eausging severa over-digtension of the affectsad lobules uss the
most important lesion seen, Thisg scourred in all the lobes of both lungs
and was nmostly distributed along the odpes of the lobes {¥ig. 74). ‘The
affeoted aveas were very pale, puffy and in most situations were ocbviously
lobular in configuration involving ona lobule or a group of lobules. ‘The

bronchi supplying these lobules were pocked wilth lungworma. Onra eninsl,



Mh4, had practically no consolidetion in the lung, but the other hnd smell
pele pink ocedematons patohes of consolidation 1.0-2.0 oms. across in some

of the lobules at the tipe of the upical lobes, the cavdiac lohes, and the
intoymediate lobes They also occurved secattered along the basal edge of the
diaphyagmetic lobes and on the diaphragmatio surface of the diaphragmatic

lobs of the left lung. The bronohial lymph nodes were enlarged.

5 wacks

Vorma wore found in every loba of the lungs in all but one case; LY,
in vhich thers vere no worms in the apical lobe of the left lung. Pale,
lobular areas of severe vesicular cmphysemsn were geen distribuvied similarly
to vhat in the animala killed at four weeko, The pulmonavy consolidabion
was norve exbongive in this group of pigs and was distridbuted gimilarly to
that seen in the previous growp. The apicsl lokes end the cardiasc lobes
vare quite extensively involved in m sirip like memner along their edges
in L1 and L4, The consolidated leslong were pink or greyish pink, Lelt fizm
end exuded thin turbid fluid. Sometines small yellowy white or greyish
spotis could be seen in them,  The bronchial lymph nodes were lavger than

normel,

& weekp

Althouzh lobules with vesioular emphysems were seen, the outsianding

feature of the lesions in this group pearticuiarly in M55, M56 snd MA9 wag
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pulnonary consolldetion., The consolidation was mostly confined to the edges
of the lobes bub alpo aceurred lu the diaphreguetic surfaces of the dipphrvag-
matic lobes (Fige 75). Losions could be scen in the lungs fyom the apiosl
lobes to the positerioy tip of the diaphragmatic lobes but the ventral tips of
the npical and cardiac lobes and the antero-veniral edges of the diaphrasmatic
lobes were move severely involved in some pigs, particularly those with a
lavree parasite buvden. The consolidgtion wap essentislly siwilar in appoar-
enge $o that seen at five weelks bui often had 2 more granular Sexbure, wes
very fiym engd was redsed ghove the surrounding normal lungs {foalesoing
patches of consolidation formed strips slong the edges of the lobes. lobnles
of vesicular smphysema were also geon particularly in the diaphragmaitic lobes
at the posterier tip angd aiong the poaterior half of the basal border., The
emphysenatous lobules were pale but the degree of distenaion aculd only be
degoribed as moderate gince it wos less marked then that geen earlier. A
few greyish purple nodules aboubt 0.2 oms. in dispeter were sdesn in twe pigs
M49 and MAL, on ithe costal surfaces of the posterior halves of a diaphragnatic
lobog noar thelr edgzes. In ono andmal they also ocounrraed in the apical lobe
of the right lung.

The bronchial lymph nodes uere enlavged.

8 weeks
et ruls P A

The dominant feature of the lesions in this group was pulnonary ©onw-
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solidation which was similer in distribution to thet seon at six wecks,
The amount in emech animal varied hovever depending on ithe number of lunge
worns present. Seversl lobules with moderate vesicular emphysema were
seen in the disphragmatic lobes of the lungs. One pig, M24, bed a fev
groyish purple nodules 0.%5=0.5 cm. In dismetoyr in the posterior half of
the diaphvagmatic lobes,

The bronchisl lynph nedes were enlarged.

12 wecks

The principal lesion at this stage was the formation of greyishepurple
noduleg 0.1-0.5 cm. in diameter which protruded above the surface of tha
lungs. These were secn in the apleal loves, the cardise lobes and the
diaphrognatic lobes of both lungs, They could be found &t sny position
in the Jungs but tended to oceur near the edges of lobes (Fig, 76). Nod-
ules were seen on the cogtal and diaphragmatic surfaces of the disphragmatic
lobes snd also somobimes within these lobeas Two interesting observations
wore that there were abt least twioce as many nodules in M% as in M30 and that
the latter contained many more lungworse at autopsy.

Small patches of consolidation were found in U6 bub none veyxe seen
in M30. Several lobules at the edges of the lobes of the lungs in the

predilection site for emphysenma were pale and glightly raised sbove the
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others, These were patches of venidual vesioular emphysema and were seen
in bobth pigs.

The bronchial 1lymph nodes were only slightly hyperplastic.

".!._ﬁ_ weeks

The changes geen in the two pigs killed 2% 14 weeks were the same as

those gecn at 12 weeks.

16 weeks

In 16 & ownll number of pulmonary nodulss and several sreyish purple
potches of consolidation st the edges of thae agpical lobes, the cardimc lobes
and the antero-ventral edges of the dimphragmatic lobes were the only legions
sean, The pulmonary nodules in M25 were quite numerous and sometimes ocourred
in small proups of four or five closc together. A4 few pale lobules with
traces of enphysemsa wero obgerved. The bronchial lymph nodes were not enw
larged in M6 and only slightly enlaxged in M25.

The histopathological changes producing the mecroscopic features whioch

lhave been described are reporied next,

Microscopio Findings

4 weeko
Adult male snd female lungworms sectloned in various planes were seen

in the bronchi ond bronchiovles. Some bronchioles eond smaller bronchl vere
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vonsidersbly distonded by the mogs of worms in the lumen (Fige. T7)e ‘'the

vorme were usually surrounded by mucug in vhich ladvated eggs ocould some- —
times be seen. The mucua was neuelly devoid of cells but in some bronchioles
there were slso eosinophils, pelyuorphonuclear leuncocytes, monomuclenrs and
degquannted epithelial celly. The epithelium was hyperplagstic and in the
bronchi packed with worme the surfoce was irregular due to projecting patches
of hyperplesia alternating with foci of atrophy produced by pressure from the
worms. Muooid metaplasias was not often secn bub had occurved in s few
bronohioles. Bosinovhils, lywphooytes and plasma cells were found in ihe
lamina propris of many bronchi and byronchioles and were also seen migrating
through the epithelium. PFoderate hynertropby of the bronchial and bronchiolar
smooth musole had developed.  Between the muscularie of the broanchl snd the
plates of ¢artilege cellulay inCilirates similar to those in the lamina
propria were Found and there was alge some lymphold nodule formation, These
early ncdules wera compoged of widely oeparated cells and conbalned a higha
proportion of lymphoblasts.  Lymphoid nodules had formed to a moderate degree
in the peribronchiolar tissves of some bronchioles., The cells in this site
hovever were more frequently dlffuse accumulations of eosinophils, lymvhocytesn,
and plasma cells. The changes described above which were speen in the walls
of the bronchi and bronchioles were also seen, particularly in the case of the

latter, vhon there were no scotlons of worms in the lumon,
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Severe vesloulayr enmphysems with distensions of the alveoli, the alveolar
ducts and the terminal bronchioles (Fig. 77) und rupture of alveclar walls
$o"€hat sinll bullae wveve formed was an oulstanding feature of the histo=-
’)pathology of this stoge of ihe disease. The bronchiolus in lhese lobules
vere frequenily packed with lungworms.

Taaguorng were somnetimes seen extending douwn into the alveolar duois
and plveoli, distorting the walls of the latter. In some lobules without
smphysena there was patohy thickening of the alveolsr walls particularly
adjacent to alveolayr ducts or blood vessels. This wns due to a heterogeneous
accurmlation of cells including large mononueleny cella, described ss endow
thelioid types, with indistinet eytoplasm, and a pale ellipiiosl nucleus with
n well stained nuelear membrane, alveolar cells, lymphocyles, plasma cells,
eoginophils aund polymorvhonuolear leucocytes. Other lobules showed parbial
alveolar collepse, alveolar oedeme and moderate infiliratiocn within tho als
veoli by polynorphonuclesyr leucoeytos, alveolsy macrophages,; large moncnuolesy
cells, sosinophils, lymphooytes end plasma cells in various proportions,

Thae rlveolary cells were slightly more numerous in the alveolsr walls, Some
alveolar ducts were packed with polymorphomiclenr leucooybou.

A fow asplrated eggs were seen in the patehes of congolidation, Thease
egys had either an obvious larvae inside them or contained granuler eosino-
philic material. The latter appearance was similer to that seen in duwature

oggs within the uterdi of female worms and theiy presence in the lung was
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probably sssocinted with the onset of egg production. The reaction in the
lobules vhere egps were gesn was venally o eombination of cellulay aceumu~
lations in the lumins of alvecli and thickening of the walls in the manney
desoribed abova. In addition howover multinucleated glont cells had appearede.
One petch with obliterative bronchiplitic was seen. Hopinophils, lymphooyten
and plasma cells were found in variable numbers in the septa and pleura.

The bronchial lywph nodes contmined many nodules with pale gewninal
centrea, ‘osinophils vere seen in the loose iymphatic tissue and there was

hyperplasia of the reticulo-ondothelial cellp.

5 weeks

he chenges in the bronchi snd bronchiloles were basicelly similar %o
thoge seon at four woeks. Inrvated egge, however, were more shbondent in
these gtructurss mixed with the muoup and cells ian tho lumina, Mucold neta=
plasis was a striking featurs in both bronehl and bronchiocles and was present
to a greater degree in the animels of this group than in those secen at four
veeks. Hypertrophy of the smooth musele of the bronchil bronchioles and
alveolar duclts wvas also very well developed in these animals.  The hyper-
trophy of the bands of smooth mmoole in the bronchioles hod made obvious
small peps between them vhich could be geen in longitudinal sections.
Diverticula of the bronchiocler epithelium had oceurred through some of these

inte the peribronchioley fibrous connective tissue. These diveritioula



were little sac like protrusions sometimes containing macus or mous and c¢clla
and often surrounded by an accumulabion of lymphodid cells in the peribroﬁéhiolar
tigsue. Peribronchiolar lympheoid vodular formation was still at o low laevel
ond the cellulay accunmlations in these sites were similar to those seen
earlieg,

Severe vesloular emphysema was seen in many lobules in which the bronchioles
ware often packed and distended with lungworms. Pulmonary conaolidation was
more extensive in this group and higtologiocally had several appearances.

The alveoli were either partially collapsed or more frequently they were oxe
panded and contalred a variety of cell type, in ocedems fluid (FMig. 78). In
others the focal nocumulations of cells within the anlveolar walls had produced
conaiderable thickening 6f these structures. Doth of these ochanges were seen
eariier. In this group however thers wep more exiensive consolidation with
complete obliteration of the pulmonary perenchyma in places, by a reesction

t0 a large number of aspirated eges (Flg. 79)e Yhere this had happened

there vas gross thickening of the alveolar walls by larga mononuclear endo-
thellold type cells, aussociated with which were lymphooytes, cosinophils and
plasma cellse  The genaral puttern of the lung could sometimes be discerned
hut frequently the endotheliodd type cells had formed a syncyiium and the
overall pattern was logt. Large muliinuvcleuvted giant cells were often found
in thils reaction. Numerous eosinophilic grenulomas hed developed and were

seen arvound eggs or vecaslonally azound a lervee which had hatohed from the
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eggs (Fig, 80). These granuloms were within the lumine of alveoli ox hed
hacome incorporabted into the general gonsolidation. Where the alveolar
prttern remalned the alveoll and alveolar ducts sometimos contained ocdenme
fluid rich in fibrin and cellss The sxudate in many places was belng ine
vaded by the endothelioid eslls from the adjacent alveolav well and this
nrocess was probably responsible for the eventual obliteration of the gle
veoli and also for forming paiches of obliterative bronchiolitis,. Bpiem
thellallsation wvas sometimes found at these sites.

Many aspirveted lervated eges were obsexrved in these pigs in the cone
polidated areans. Thoy were seen in alveoli surrounded by a moderate number
of sosinophils, lymshocytes, plasma and macrophages. Giant cells were nod
cluays present but sometimee they occurred in considerable numbeys in the
vicinity of the eggs and occsgiconally ecgus were seen ingide glant cells.

In other lobules the eggs were surrcunded by & mass of eosinophils and
necrosis of the eggs and the lung tissue had ocourrsd forming an eosinoe
philio abscesg. liguys were also peen in vhich the larvae had been destroyed
end the egg was full of eosinophils and some lymphoeytes or plasma cella,
Vexy frequently however the egge were associated with ecoginophilic granulomas
of various sizes end stages of developmenti.

Mild septal oedemn had developed but otherwise the changes in the septs

and pleury were simllar to those describved enrlier.
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The chonges in the bronchial lymph nodes did not differ from these

seen ot four weoks.

6 weeks

A% thip stage in some pigs there voere move peribronohiclar lymphoid
nodules than wera seen previously and more lymphoid nodules were alsoc seen
in the bronchi., Longitudinal seotions of bronchiclea often revealed a
diffuge muse of lymphooytes and plasme cells with some eosinophils all slong
the length of the bronchiole producing considerable thickening of the periw
bronchiolor tissues. 'the other changes in the wallg of the bronchi and
bronchioles seen at five vesks were gtill present and metaplasia and hypew-
trophy of the gmooth muscle of the bronchi, bronchloles and slveolar duets
were prominent features of the lesions. Diverticula of the hrouchiolar
macous membrane were move numeroug in these cases and vere often largsy
than those seen in the previous group (Fige 81),

Patohes of moderate vegicular emphyseme were found but pulmonsiyy conw
solidation was s more dmportant festure of this singe of the diseuses In
reneral two types of consolidation were seen. In one the slveoll wers
expanded and wera full of vedema fluid conteining eosinophils, lymphocytes,
plasma cells, macrophages, glant cells, endothelioid cells mnd polymorphow
nuclear leucocyltces in modevate amounts, although in s few fields the latiter

cello vere sometimes particulerly numerous. IModerate alveolsr cell hyper~
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piasia had oleo eccurred. Aspirabed eoges were freguenbly fouwnd i these
lobules. In the second type of congselidation the lesion was more gxanuigmatous
aud all of the change described as cccurring et five woeks with the fovmation
of eosinophilic granulomes, syncytial masses of condotheliloid cells, glant
celles and the obliterstion of the lung parenchyms were seen, Eosinophilie
gromalomes were particularly numerous in these pigs and wany asplreted eygs
vere geah. A few fres lavvae involved in granulometouns reactions were found,
Phis reaction was extreme in M55 and M56 and there was thickening of the septe
around theso lobules due to fibrosis. IFosinophilic abscesses had also
doveloped. One animal, M50, hed an axeeptionally large number of glant

cells in the patches of conselidetion,

Pooi of obliievative brouchiolitis were present in all of the pilgse
Qosasional lymphoid nodules were seen in the interlobulay sepls, in addition
to the eosinophila, plasme cells and lymphocyteos scabiered diffusely in small
numboys »

The appearance of the bronchial lymph nodes had not changsd from thab
scen at five wecks but in one anlmal the amorphous cosdnopbilic remeins of

a larva were geon in the bronchial node.

8 weoks

Aduld parasites vere ssen in the bronchl and bronchioles assoolated

with 8ll of the chaonges deseribed earlier. More poribronchloler lymphoid
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nodules were geon formlng groups on one plde of a bronchiole, or gurrounding
the breonchiole completely in transverse sections,y or extending along their
length in longitudinel or tengential sections. 1In some bronchioles lymphoid
aells from these nodules were infiltreting the wall causing replacement of
the hypertrophied musoulardg. Nuwmerous lymphoid nodules were seen in tho
bronchi betwsen the mvuaomlarig snd the plates of cartilage and sometines

the bronchisl glands had been replaced by the nodules,

Sections were exemined in vhich it could be seen thal the anterior
onds of tho lungworms in bronchioles had turned backwords and were pointing
tovards the trachem. Where this had happenéd thers uas extreme dilatation
of the bronchiole mnd even the hypertrophied musculacis was very thin and
only o few cells thick,

Pasches of vesiculnr emphysems were found showing the fegtures dese
oribed carlier,

Obliterative bronchielibis was seen snd in the consolidated lobuleos
the conselidation was eitvher primsrily due 1o ecsinophilic grenvlomas with
thickening of the alveolar walls and eventual obliteration of tha alveoli
by endotbeliold cells, ecasinophils, lym hooyies, plasme cells, polymorphoe
nuclear leucveytes snd giani eells or it wag the type associeted with zl-
veolar oedema moderate glveol.r ecell hyperplasis and infiltretion by the
cells deseribed before, HMany larvated eggs or eges in which the larvae

had been dostroyed or the crumpled eosinophilic rvemailns of ogge were seen



in the consolidated lobules, Hoslnophille abscesses also occurred,

Moderately large mulbifolliculaxr lymphoid nodules had developed in the
1ungs of tuwo plgo.

Mild sepial oedemns gnd infiltration by oeosinophilg, plooms cells and
lymphooytes vas seen and in a few small lymphoid nodules were found in the
septe and pleurn.

A large numbker af active nodules had developed in the hrornchial nodss.
Many eosinophils vere also present but appeared to be reduced in munber

sompared with the earlisr stages of the digesasa,

12 weeks
The diffuse oellulsr infiltrstions in the bronchial and bronchiolar
walls were still gquite extensive.  Bronchlolar diverticula were frequently
found and there was still considerable hypertrophy of the bronchlal, brounchiolar
and alveolar smooth muscle. IMucold metsplasie hovever was more sporadically
obeerved, being completely absent in may fields. The development of lymphoid
nodules in the bronchial walls sand in the peribronchioclar tisswe wos much
groantor 8t this stage then st the earlier phaseg of the dilscasc. This lymphoid
tisove often formed sleeves of coneiderable thilokneos 2ll along the bronchioles.
Mn dnportant difference in the higtopathology of this sltage was the
finding of dead adult parasites in bronchioles anhd the development of lerge

iymphoid nodules which were meoroscopically visible eround these dead parasltes.
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The dead parasite took the form of a brightly eosinophilic amorphous siructure
suwrrounded by a mass of lymphoid cells of all typesy reticular oells, lyimpho-
blasts and lymphooytes which were either distributed randomly or arranged into
nodules with germinal centres (Iig. 82} A considerable capillary nebtwork
had often developed in between the lymphoid nodules and sometimes focal areas
with macrophages full of haemosiderin wore found in the lymphoid mass. Traces
of the bronchiolar epitheliwm, which freguently appesved to be very hyper~
plastic, were found smong the lymphold cells. ‘The development of these
nodules is congidered in more deiail in the next scotion.

Portions of bronchioles being veplaced by Iymphoid proliferation were
also seen. Sometimes there was ne worm in the section examined and the
bronchiole appesared to have lost its epithelivm in places and be infiltrated
in its immey part by masses of eosinophils, vlasma cells snd lymphocytes.

At the periphery and replacing the muscularis was n dense collection of
vetloular cells, lymphoblasts and lymphooyles.

The patches of consolidatlon had the appearsnee of those exemined st
sayvlier stages and eosinophilic gramulonas around eggs were still present.
There was fibrosis of the septa in the lobules which were severely involved.

The bronchisl lympb nodes resembled those scen al elght weekso.

1) weeks

In thege pilgs there wag massive peoribronchiolar lymphoid nodular
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development. Many bronchioler diverticula wore seen and in some longitudinal
section several of thoese could bo seen distributed along the length of the
bronchiole.,  Although gmooth muscle hypertrophy was still pronounced mucoid
metaplasia was not seen. Many large lymphoid mnsses, which sometimes con-
$pined the necrotic remains of a Iungworm vere found. Some of the lymphoid
nasses had yepleced whole sectlons of lobules and it was difficult to know
whether they had developed around a bronchiole or in patches of consolidation.

Aspireted eggs, cosinophilic granulomas, and giant cells were present
in the paiches of consolidatione. Portions of lobules with alveolur ocedema,
alveolar cell hyperplasia end infiltration by moderate numbers of eosinophilas,
polymarphonuclear leuwcocytes, lymprocytes, plasma cells and macrophages vere
nlzo geens  Smell patches, wsually sublobular in gize, of moderale emphysena
vere present.

Small lymphoid nodules had developed in the septa and in the pleura.

*he bronchial lymph nodes did not differ from those examined at 12

weeks o

16 woecks
The changes degeribed s ocourxing at 14 weeks were seen in the pigs

killed at 10 weeks and the principal features of the lesions were the pame.

Discussion

The seguence of evenis ocourring in the lungs of pigs during the aduli



phase of lungworn infestation were cleaxly reflected in the macroscopic finde
ings, Inltinlly at four and five weeks as the parasite matured and incressed
in size 1t had an chstructive effect on the bronchiioleg which resulted in
veslcular emphysems developing in the related lobules. At six end eight
veeks vhen the lunpwormsg weve sexually mature and as thelr egr laying capacity
inereased, pulmonary eonsolidation due to some agas being aspirveted into the
lungs became the dominant featvre of the lesiong and later still as the adult
wormg begen to die in the lungs from twelve to sixteen weeks lavge lymphoid
nodules were the principsl leslon observed.  The progression of the disease
28 oullined sbove is similar %o thatl preposed by Mackenzie (1959) but he did
not describe finding the necrotic remaing of adult lungworms in the nodules in
his cases und did not assoclate the major part of the masgive lymphold nodular
development with this phenomenons In this connection it is interegiting thaf
although the plzs M5 and M50, kdlled at 12 weeks, had similar egg counts at
six weeks, M5 had only a few worms at sutopsy compared with M30 but had at
least twice as many macroscopic lymphoid nodules, suggesting that M5 had got
rid of its parasite burden quicker than M30.

Although some of the wpigs in this experiment had very heavy worm burdens
the only clindecal signs noticed were severe pavoxysms of coughing. Betueen
the boubta of coughing the animuls were apparently normal. Coughting was
sometimes quite violent and the animal's body would shake with the foxce

raquired for expiration. The overzll effect was reminiscent of the asthmatic
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type of spaom in man. The only vepord of pigs dylong as a result of lange
vorm infestation was made by Sullivan and Shaw (19%2) who were studying the
effect of lungworm burdens on weight gains. In these expevimente the pigs
were ihfected by feading them eavthwvorms and in the group given hesvy ine
fostatlons twe pigs died after the onget of patenoy. One animal bhad 7,000
Jonguworms at autopsy and the other was reported as having too many to count.
The death of these pigs aftev patency was probably associated with the develop-
ment of pulmonary consolidstion arownd espivatod eggs. Sullivan and Shaw
(1952) aid not iind eny significant difference in the we kly welght gaing
betwesn thelr three groups of eight pigs one group of which was = contirol
STOUN e

Larveted egus were frequently geen in the congolidated portion of lung
but somatines larvae were also found. These verae presumsbly {ivet stage
larves thot had heatched from the eggs. Larvae were also described hy Dunn
(1956) and MacKanzie (1959) during thies phase of the disease. In one
animal in this series a larva bad migrated to the 5ronchia1 lympk nodes.
Boginophilic grenulomas were more numerous in the lungs than the lesions
desarlbed as an eosinophilic absocess.

In the consolidation vhere the alveoli were expanded and full of oedena
fluid and oells there vere some glullaritios with enzootic pneumonia., The
alvaolar cell hyperplasis was nobt as extensive as in engootic however and

there was pore variation in the aell types within the slveoli. Moorow
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soopleally the granulomatous type of consollduation could be differentisted
from enzootic pneumoniz and the other pneumoniass which have bsen described,
booause it was very firm and granular, but the pale pink oedcmntous type of
leslon as se n at four weoks and patchily in the other ¢ases was not reedily
sepnrable by simple visual iIngspectlon,

Tho production of vesicular emphysemsn lu pig lungworm infestation io
generally sitributed Bo the parasites having a ball valve like affect in the
bronchioles which allows air Lo enter during inspilratlion and then preventis
ite exit durdng expiration. Vhether this is simply due to the presence of
the worms ond rmucus in the lumen or whether there ls also gpasm of the
bronchiolar musculature is not known.  Likewise the muscle hypertrophy
which was seen at four weeky but had vecome moye pronounced by gix weeks
and was a prominent feature of the lesions from them twntll sixteen weeks
eould bave been due either to stretohing of the museuluris by the vorms, or
to repeated spsswms of {the musculayisg during the period of infestution,

Al though the muscularieg sometimes : ppears to complately encircle
bronchioles (Mg, 63) it is really & spirslly arranged maoss of muscle bands
and after they become hypertrophied it is possible 3o see, nartloularly in
tangential sections, thal there ere small poteniilal guns belween theim.
Diverticula of the bronchiolar epithelium vere seen proiruding through these
gaps into the peribronchiclar fibrous connective bilaosue especially during

the later stages of the discase. Beonuge the lunguvormgs and the mucus block
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the lumina of bronchioles and sings there may be bronchiolar spasm it is
Likely thub the pressure within the bronchivcles is considerably incroascd.
This poseibly had the effect of foreing the epithellum through the gzps in
the musouvlaris to produee the diverticula.  Bronchiolar diveriliculs weore
not deseribed by Dumn (1956) oxr MaoKenzmie (1959).

Mucold metaplasia was an ouistanding fesbure of the lesions in the
pigg killed at five wecks, six weeks and oight weoko, buit later although
it was gtildl secen, the epitholium in most bronchiloles had reverted to its

normal character, The proliferation of mucus sesreling cells ol the oxe

penge of the othed cells in the epithelium may be analogows with tho gimllaw

shanomenon which cccurs in the abomasal epitheliuw of cabtle infected with

Ostertapla ogstertagiie.

In conclusion the pulmonary leslong producsd EW'E&_EEEE are complexn
and very depending cu the stage of the disoase being examined, They are
however quite typical and even in the sbsence of the aduli parasite itself
it should not be difficult to diagnoge the pacuwonla due to M. apri histo-

logically.
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Fig. 74 M. apri (4 weeks): severe vesicular emphysema in all the lobes

of the lungs.
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Pilg. 75 M. apri (6 weeks): pulmonary consolidation in all the lobes of

the lungs.,
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Pig. 76 M. azri (12 weeks): lymphoid nodules in the posterior halves of the

diaphra;matio lobes,

Fig. 77 M. apri (4 weeks): a bronchiole in a lobule with emphys-ma distended

and blocked with lungworms, H. & E. x 50
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moderate alveolar and septel oedema with cellular

Fig. 78 M, apri (5 weeks):

H. & E. x 50

infiltrates in the alveoli.

consolidation associated with aspirated eggs

Fig. 79 M. apri (5 weeks):

including sosinophilic granulomas, giant cells and a small eosinophilie

He & E. x 150

abecess.
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Fig. 80 M, apri (5 weeks):1 detail of two eosinophilic granulomas around eggs

The egg in (b) is engulfed in a

(a and b) and around a larva (o).

H. & E. x 300

glant ocell.



Fig., 81 M, apri (6 veeks): a smsll diverticulum of the epithelium of &

bronchiole. He & Bo X 150
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Pig. 82 M. apri (12 weeks): a large lymphoid nodule containing two seotions

of dead perasites. H. & E. x 50
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PNEUMONIA DUE 00 METASTRONGYLUS APRY

(8) The Bffect of xeirrsdintion on the Infective lLarvaec of M. spri

AS the beginning of this work it wes stated that one of the objectlves

wad to vaccinate pigs against Metastrongylus gpri using x-irradiasted laxrvee.

Although pig lungworms ars not & serious cauwse of economic loss in the pig
industiy, this nev approach to the control of parssibtism appears to have
greut potential and 1t was decided that experience with the techunique ag

applied to parssites other than Dietyocaulus viviparus with vhich 1t was

first shown to ba successful (Jarrett, Jemnings, McIntyre, Mulligan and
Urquhart, 19%7) would be wussful.

ifbar the method for infecting pigs expervimentally had bsen developed,
the next step wus to discover what level of x-ivradiation would be suitable
for inmctivating the infegtive larQae. Using ihe experiment quoted above
as a gulde it was decided to test that level of x-irradiation from 20,000r
to 60,000r,

During the course of the experiment the following obgervations were

made in each proups

{i) the nuwber of lungvorms at aulopsy
(i1) the length of ithe lungworms

(1ii) the sex ratlo, males:females, of the lungworms
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(iv) the faecsl egg counts
{v) the smount of coughing
(vi) the weight gains

(vii) the pulmonary lesioms

Methods

The infective third stege larvae of M. apri were oolleoted from earthw
worns in tho wanner described earlier. They were concenitrated into an
aquecus suspension of 12 mle. by centrifugntion and they were irradiated
according to the {echnique deseribed by Jarrvett, Jemnings, Melntyre, Mulligan
and Yrquhart (1960).

The lerval suspension was put into a small "Perspex” dish 5.0 cme.
in diamcter which resulited in the suspemsion being 1.0 om. deep, The dish
vas then placed in & depression in a wooden block filled with bolus (materiel
vhich prevents "back-soatter"), end this was placed belov the window of an
xe=ray nmachine at a point where the dose rate on the surface of the larval
suspension was 200r, per minute. The xersy machine ves operated at 140 kV
and § mA with external filtration of 0.2% mm. Cu and 1.0 mm Al. Calibration
of the machine was carried out with a BaldwineFarmer sub-standerd dose meter.
The doges described in this experiment are those dellvered to the surface of
the larvel suspengion. The x-ray machine was switched off foy 5«10 minutes

in esech hour of rumming and the larvel suspension was stirred by hand at
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gome time during this period. At time intervels corresponding to %hé_three
ireadistion doses to be given, a volume of the larval suspension containing
one~third of the initial number of larvae present, was removed end replaced
with water. The amuples of irredisted larvae were diluted immediately with
tap water to a concentration suitable for counting and aliquots contailning
the reguisite numbar of larvee for each experimentsl animal were then trange
ferred to universel ocontainers and made up to 25 wils. with tap water. e~
cause of the time reguired to collect the larvee and irradiste them the pigs
were not dosed with the normal and irradiated larvee umtil the day after
irradiation, i.e. 64 hourg after the earthworms were chopped vp with scissors.

fwenty four pigs from two litters, seven weeks and eight weeks of age,
wore distribubted into four comparable groups of gix animals on the basis of
thelr welghts, Each plg in one group roceived 4,200 normal infeciive larvae,
in tho other groups the pigs were given s similar numbey of larvas which had
been irradisted with 20,000r, 40,000r and 60,000x respectively. The plgs
were housed togather iun one pen in a fabiening house with & cenorete floor,
until they killed eight weeks after infection.

Before the snimsls were infected two fasces samples were exanmined from
each individual by the flotation bechnigue described by Dunn, Gentles and
White (1955). During the course of the experiment weekly faecces examinations
wore msde on all of the pigs using thils technique and from the sixth to the

eighth week the controls wvere examined by the MceMaster technigune using
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saturated megnesium sulphate to float the egee in the chambers.

The pigs were weighed before the mtart of the experiment and forinightly
theveafter. Since the snimsls could not he visited each day, in order to
estimate the emount of obvieus clinical disturbance the pig attendant who did
not know how the snimalg had been treated was ssked to record on e chart the
eaxr pumber of each pig he hesrd coughing.

A%t autopsy the totul number of worms of each sex was counted in each
pilg end after the lungworms from each group were pocled a representative
sample of fifty of esuch sex were selegted for measuring thelr lengths.

In some groups it was not possible o get fifty and then the largest
number possible was collected. |

Several blocks of tissus were token f'or histologieal examination from

the lungs and bronchial lymph neodes of sach pig.

Results

The number of lungworms found at post mordem, The lengths of thé WOYme
and the sex ralio are shownm in Table 15.  Althougn the difference hetween
the mean worm burden in each group is marked, the "iake" in two groups was
very scatiered, resulting in large standard deviations and when the controls
were compared vith the other groups by the 't' test only the 60 kiloroentgen
(kx) group were probably significantly different (p = 0.,06). The difference

batween the 20kr group and the 60kr group waa aleo probably significantly
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aifferent (p = 0.0%) but the difference betweon the 20ky group and the 40k
group was not significant. The 60kr group was highly significantly different
however; (p = 0,0DL) from the 4Ckr group.

The detvimental offect of the different levels of x~irradietion on the
grovil: of the surviving lungworns was vary ¢learly demonctrated. There was
a highly silgnificant difference (p = 0.001) between the length of the females
found in the controls and those in the 20kr group. A similar difference
vas found between the 20kr and the 40kr group and zlso botween the 40kyr and
the 60kr group. There were not enough male lungworms in the groups receive
ing the higher levels of w-ivradiastion to enable a statistlical enalysls to
be made but the difference between the length of meles in the controls und
those in the 20kr group w:s highly significant {p = 0.001).

The male lavvae were more susceptibhle {0 z-irradiation than the females
wvith the result that, relatively fower male worps were found in the irrad-
inted groups at autopsy. In fact there were no meles in the 60kr group.
ftha difforence between the sex ratio in the controls and thaes in the 20kr
group is singificant (p = 0,01) and the difference between the controls and
the 40kr group is highly significant (p = 0.001). ‘Fhe 20kx group does not,
however, differ gignificantly from the 40kr group.

When the worms which hed developwed from irradiasted larvae were examined
microscopically no larvated eggs wera seen in the femnles.  Ezge vere pregent

within the uteri but they were ofiten misshapen and only contained grenular



materinl (Fig. 83). Thisg failure to produce viable larvated eags was reflected
in the faccos examinations (Table 16). No eges wvere found in tho faeces of
any of the pigs which had reoeived ivradiated larvac, On the other hend

two pigs in the control group gave a positive result using the flotabtion teche
nigue in the fourth week and 811 were positive imn the fifth week. A% six

veeks sufficient numbers of egns were found to enable the MeMaster technigue

to be used and as the teble shows eggs uwere found unitil the end of the experiw
ment.

Using the amount of coughing ss the coriterion there was an observable
difference in the olinicsal effects of the infectlions in the conirols compaved
with the pigs given irradisted larvae. Within the latter animsls the 60k
group coughed much less than the ether groups vhich were affected %o approxi-
nately the same extent. Every pig coughed at least once starting on the
ninth or tenth day, but the severity tended %o be grenter in those given
normal larvae, many of vhich had paroxysms lasting for as long zs a minute.
Coughing continued in emch proup until the end of the experiment, although
it was very infrequent in the 00kr pigs. IBighty two observaetions were made
of pigs coughing in the controls, fifty thyee in the 20k» group, forty five
in the 40 ky group, and only twelve in the 60kr group.

Thers was no significant difference betwean the welght gains Tor the
differvent groups (Table 17).

The macroscopio appearance of the lungs of the pigs gilven irradiated
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Table 17
MEAN  FORDEIGIERLY  WRYGHTS  (188.)
) Before . !

Gyoup Tnfection 24, Avra 61, 8va
Gontrols 693 8245 380 12343 135.8
20,000r 68,0 8140 98.2 117.8 13443
60,0002 70.0 80.8 9647 114.8 1307
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larvae a;}fered from the controls in two ways. Firetly there were many
amall nodulesg in the lungs and gecondly there wes no consolidation of the
type aswoclated with the rveaction to aspirated eggs.

The most obvious lesion in the controls was vonsolidation which took
the form of small greylshepink or fawn coloured patches 2.0-3.0 oms. across
mostly distributed along the edges of the lobes snd sometimes coalsscing to
form strips of consolidated tissue at this site (Figy 84)¢ The tips and
edges of the apiosl, cardiac and Iniermediste lobes were involved as well
o8 the diaphragmatic lobes. ‘These patches were very firm gnd sometimes
looked granular pariioularly on ssction and contained very small yellow
spots. Vhen pressed they exuded copious amounis of oedeme fiuid. A1l of
the controls had wedge shaped patches of moderate emphysemn. Only one pig
however had nodules. They ocourred in the diavhragmatic lobes were about
0e2=0:3 cms in size and few in number,  The bronchia) lymph nodes were ehw
larged.

The pulmonary changes in the 20kr group and the 40kr grouwp were very
similare  Small patches of consolidation were seen digtributed similarly
to that in the controls but not gso extensively. The consolldation was
pinkish and cedematous mt was not granular and firm with 1ittle yellow spots
ag in the previous group. FPsle wedge shaped emphysematous lobules were
geen in both groups. 'The main differentiating festure from the controles

vare the small grey or greyish purple nodules 0.1-0.4 ome in diameter in all
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the lobes of the lung in every pig (Mg 85)s Their numbers varied from
1~20 per pig and they tended to ocour tovsrds the edges of the lobes., They
vere slightly raised above the lung surface in most casez but when the lungs
were opened some nodules vers also seen within the substanoe of the lobes.
The bronchial lymph nodes were moderately enlarged.

Small patohes of consolidation were geen in only two pigs in the 60ky
group but smell wildly empbysemstous patches were seen in all of the animals.
The consolidation was similar to that in the 20kr group and 40ke groups.

The most outatanding feature in this group was the very large number of
nodules scattered in all the lobes of the lungs &b or near the sites where
the adul® worms are usually found. The nunber varied from 16~60 per pig,
The bronchial lymph nodes were only alightly enlarged.

Histological examinetiona of the lesions in the controls revesled the
prasence of the changes vhich have been described esrlier as ocourring at
oight weeks after infection. Adult lunguorms were seon in the brounchi end
bronchioles and the females contained large numbers of lervated eggs. A
varisgble amount of cellular exudate and mucus was seen arocund the luvngworms
and the epithelium had undergone mucoid metaplasie or hyperplasia or fooal
atrophy. fThe lamine propric of the bronchi and bronchioles was dengely
infiltrated by eosinophils, ploswma cells or lymphooytes, particularly eosino-
phils. Smooth musole hypervtrophy was seen and there were dense accumuilaltions

of lymphooytes between the smooth muscele layer and the cariilage either in g
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diffuse form ox as nedules. In the peribrenochiclar tigsues lymphoid nodules
occurred either singly or in small groups and sometimes they formed a ring
around the bronchicle,

Hypertrophy of the alveolar duct muscele also ocourred and alveolar
emphysena Ves Seen. The conaolidated lesions were composed of eosinophilie
granulomas around eges, some ecsinophilice absoessea, obliterative bronchiole
itic and in addition in some lobules s diffuse cellular infiltrate into
alveoli, full of cedema fluid, by eosinophils, polymorphonuclear leucosytesg,
plasme ocells, alveolar macrophages and somelimes glant cells. Alveolar cell
proliferation wes alsc seen in these sites. Moderately large multifellioculsy
lymphoid nodules were seen in two cases,  The bronchial lymph nodes contained
a loxge number of folliocles with broad germinal centres snd there were many
eosinophils in the sinuses aond dense lymphatic tissue.

the bronchisl end bronchiolar lesions gesn in the 20kr growp were similer
to thoge seen in the controls except that the lunpworms did not contain larvated
eggs (Pig. 86). Thelr ovsrics showed dogenerative changes such as pynknosis,
koryoyrhexis and clumping of cohromatin and the egyn in their uteri wers baso-
philie granular masses. Mucoid metaplasin, hyperplasia or atrophy were all
geen in the epitheldium and the cellular infiltration were similar to the con-
trolse.  Smooth muscle hypertrophy .nd smphysems =150 cgcurred. The peri-
bronchioclar lymphoid nodular development was well marked and sometimes very

extensive, Reactlons to dead worms vwere seen devaloping in some bronchioles.
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No eosinophilic granulomas oy abocesces agsociated with eggd were seen but the
papillary lesions of obliterative bronchiolitis did occur. The consclidation
seen macroscopically was mostly due to diffuse celliular infiltration into the
alveoll of eosinophilsg, polymorphonmiclear lencoeybes, plasma cells, alveolar
macrophages and sometimes glant cella. Multifellicular nodules of lymphoid
cells conlaining dead worms were seen fregquently. The changes in the bronchial
lymph nodes were similar to those occourring in the control group.

The bronchial lesions in the 40kr group were much less gevere than
in the previous groups. The lungworms, vhich were only seen ocesslonally
in gpections, wore smsller in diasmetey then normal and many of them conbained
abnoimal refractile globules.  Tho most prominent lesion was peribronchiolar
lymphoid hyperplasia which formed sleeves of lymphold tissgue extonding down
o the terminsl bronchioles, A moderate degree of mueodd metaplasis and
smooth muscle hypertrophy was secn and also mild vesiculer emphysemn, Reagtiona
to dead worms in bronchioles were again frequently found as were multifollioular
lymphoid nodules. The slveclar reaotions were not extensive bubt lobules oz
parts of lobules were scen gontaining oedema fluid and diffuse gellular in-
filtrates as desoribed eerlier. Popillary legions of obliterative bronchiolw
itis were gean in one pig and there were no eosinophilic graunulomas or sbecesses.
The changes in the bronchial nodes did not differ from those seen esrlier.

In the 60kr group the bronchial lesions were not numerous or severe and

vhen they did occur resembled those desoribed earlier for the other irradiated
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groupse  ‘the importent lesions seen higtologleoally in this group were
apsoclated with bronchioles and were (i) dead worm reactions mnd (ii) ex-
tengive peribronchiolar lymphold noduler developmeni. The latbter was
frequently seen around bronchicles with no parasites. Desd vorm resctions
vere seen in the other irradiated groups but were most nwmerous in this group
of pigs. They eppeared 0 start in the smaller bronchicles or alveolar ducts
around the anterior end of the worm and were seen in the following stages of
developnent,

(i) Sowe internal gtructure could be identified in the dead lunguoem ox it
was an amorphous eosinophilic mass retaining the general oubline of the parae
gite. Vhabevor the appsarence of the peraslve it was surrounded by & mass
of cosinophils {(Iig. 87)s Bosinophils alse occurred in the lamina propria
in largs numbers.  The hyparirophicd muscularies could be identified and
there were large numbers of eosinophils, and plaosma cells in the peribronche
lolar tissues. In addition large reticulay cells have become obvious atb

this gite.

(ii) ‘'the dead Wworm was surrounded by ecosinophils nnd theve was extreme hyper=
plasia of the bronchiolar epithelium {Fig. 88). losiaophils and plasma cells
vere present in the laminas propria in large numbers and there was disruption
of the nuseularis hy plasma cells and lywphooytes infiltrating through from
the peribronchiolar tissuwes. MHeny plasma cells and lymphooyhes were presgentd

in the pefibronohiolar bissues. The reticular cells appesred to be Forming
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& synaybiun and were also seen in the lawina propria.

{ii1) The centyal nass consisting of the‘remgins of the lungworm suryounded
by eoninophlls, was itself survounded by numerous plasms oells and at the
periphery, was o masy of lymphoid tissue starbing to form nodules.

(iv) The dead woxnm wes ptill eurrounded by ecosinophils but there was complote
degtruction of the hronchiolar wall ard the mass of lymphoid cells in the
neribronchiolar reglon, wes developing a nodulsr orgenisation,

(v) EBveatually only the eosinophilic debris of the worm was seen at the
centre of a mass of lymphoid tissue which had a nodular arvengement particularly
at ite periphery (WMg. 692).

(vi) Mnally nothing remained bui a large nodule compossd of microscopic
lyumphoid nodules between vhich was a well developed aapillavy netuork.

Thers was very 1litile response in the alveoli other than that around the
bronchiloles with the dend worm reastion. Duwing the sarly astages, in particular,
the adjacent alveoli were full of oedems £fluid, cowminophils, plasma cells,
lymphoeytes and alveolar maorophages. The alveolor wglls were .omebtimes
thickenod due te infiliration by these cells and there was slveplar cell hyper-
plasin, The reaction in the bronchial lymph nodes was similay to the cone

$rols.

Discussion

Vhen using w-irradiation to produce a perasitic vaceine the objsct is to
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prevent the maturation of the ndult paragites without completely destroying
the early lerval forms in the hoob since it is thought that the 'exoretions
and pecrotions' of these forms mey be responsible for the immunity produced
by the vaccines (Urqubart, Jarrett and Mulligan, 1962), Ideally when asseas-
ing the correct level of x~irradiation 4o uee the asnimels should be challenged
with normal larvee after veccination. However; becsuse of the difficulty in

producing large numbers of M. apri larvae it was decided to judge the effectiive=~

ness of x<irradiastion by the number of lungworms developing from the xeirradiated
larvae. The resulis shoued that 60k waz the level of choisce since this in-
hibited maturation more than the other doses but 4id not stop development
complotely, In addition the larvae irrvadiated in this way produced fewer
and milder clinical sipns than the others and there was minimal pulmonavy
congolidation.

The 'tokes! in the control and 20kr groups were disappeinting because
of the grest variation in the numbev of worms at auﬁopay. In the conirols
the range was 85 te 1,208 worms and in the 20kr gyvoup 7 %o 462.  Although
the larvae were ouh of the intormediate hogt for quite a long time extra doges
vhich had been made wp were found to contein viable lurvac, as judged by
notility, several hours after the pigs had been infected. The method of
preparing snd counting the doses wes the same for each group And any ine
acoursey night have been expected to show in all of the groups instend of

two onlye Mild lungworm infestation hed been found in three pigs from the



farm vhich was the source of experimental animels and although the young
pigs used in this experiment were on concrete all of their lives they nay
have had some protecbing entibodies pasaed on to them from their mothers.
It wes not sossible to use pigs fyvom any other source because of the pre-
valence of respiratory disesse in plgs and since the object of the investi
gation was also to study the pathology it vwas essential to ensure that the
pigs were {ree from enzootic pneunoria.

A1l of the lungworms developing from irrvadlated larvae were sterile.
this is a vell krown effect of x-ircadiation on nematodes which was demons

siratod some time ago by Levin and Fvang (1942) working with frichinella

spivelis, Urquhert et al {1962) reported that cettle lungworms develeping

from D. viviperus larves irradieted with 40kr were stunted to about one third

normel vize and that the sex ratio (meles to fomales) nltered fvom 1:1 to
approximately 1:11., The phenomenon of stunting was demonstroted here snd
it is interesting that it was Qirectly related to the level of x=-irradiation
given. In this experiment however, even with GUkr the degree of stunting

vos less than in D. viviparus, the 60kr femsles being about half the size

of the normel females.

The grenter susceptibility of male larvee to x-ivradiation also occurs
with M. apri. The reason for this gex difference is not clear and does not
seemn to ooouy in higher animals such as rats or mice.

The absence of eosinophilic grennlomes and eosinophillic abscesses in
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the plgs given irradiated larvae reflects the importance of aspirated lare
veted egge in causing these lesions. It is interesting that the pspillery ..
legions of obliterative bronshiolitis were seen in the aiveolar ducts and the
alveold of pigs glven irrvadiated loxvee, This lesion must be associated with
the passage of the larval forms through these tlssues or a resction to adult
antigens rather than to eggs. Likewise muooid metaplagsia and musele hypore
trophy are resotions to the adult perasites themselves irrespeocilve of their
agg predusing potential,

The resotion to dead parasites which reswlted in nodule formation wes
gimilar to that ococcurring in natural infectiong. In the latter instance
howaves and in experimental infections with normal larvse larse numbers of
them form st o later stage of the dissase. %The cellular accumlotions which
develop are almost certainly antibody producing sites but are probably not
concerned with protective antibody formetion since the antigens they arse
reacting 40 ave those from the disintegrating adult or late larvel stages
and not from the living early larval phuases. Similar nodules are secen in

the lungs of cattle Bs a responpe to dead Ds viviparus end the reaction inkes

nlace irrespective of the nature of the lethal egent whether it is, preoed-
ing xeirradistion, drug therapy or the hosts own immune reaction (Jarrett,
MeIntyre and Sharp, 1962).

On the basis of the regults of this experiment it wes decided that

vhen an attempt was made to vaccinate pigs against M. apri 60kr of x-irradiation
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Fig. 83 M, apri: eg:= from the uterus of a lungworm which had developed
from a larva exposed to 40kr of x-irradiation. (of. Fig. 72).

x 150
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Fig., 84 M, apri: 1lungs from a pig in the control group showing patches

of consolidation at the edge of the lobes.
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Pig. 85 M, apris lungs from & pig infected with larvae exposed to 20kr

showing lymphoid nodules,



Fig. 86 M. apri: s=sections of lungworms with non-larvated, granuler eggs in

their uteri. H. & E. x 150
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Fig. 87 M, apris a degenerating parasite surrounded by a host of eosinophils.

He & E. x 150
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part of a dead parasite surrounded by eosinophils and hyper-

Pia « 88 M. ap!‘i $

Hn&E.!)“)

plasia of the bronchiolar epithelium.

a dead lungworm surrounded by a mass of cells of the

Fig. 89 M, apri:

H.&onlso

lymphoid seriea.
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PREUMONIA DUE TO MEPASTRONGYLUS AFRY

(7) The Vooeination of Young Pigs with X-ivradiabed Lurvae

Since the first demonstration thet w-iyredlsted larvae could be used

to prodect cattle against Dictyosaulus viviparus (Jarrett, Jennings, NMeIntyre,

Mulligan and Urquhnet 1957) the technilgue has beon successfully applied o

some pavasites of other ppecies o.g. Hacmonchus contortus in lambe (Jarrett,

Jennings, Melntyra, Milligen and Sharp 1961) and Uncineris stenosephela in

the dog (Dow, Jarvett, Jennings, MoIntyre snd Mulligan 1959), It wes thought
therefore that the purasiies of the plg might be controlled in a similav
marmer and congoquently the following experiment was designed with the object

of vacoinating young pigs with z-irradiated third strge larvae of Metastrongylus

aprd and testing the dmmanity produwced by chellenging them, after a sulteble
period, with normal third stage larvee., In experiments with the parasites
rafarred to earlier it was found that two doses of x-irradisted larxrvae gave
boetter protection then one and consequently this procedure was followed in

the experiment described hers. The awount of x«~irradiation employed with
other parasites has veried from 20 kr. to 60 kr. It was coneluded from the
exporiment described in section (5) however, that 60 ky, was tho mogt suitablo

apnount of x~irradiation for M. apyi larvae.
bty Aol e 3 43

- Methodn

The methods for obitaining infective larvae, irrediating them with 60 ky.
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and making up the requived doses were similar to those desoribed eariior,
The larval preparation, irvadiation and the dosing of the plgs with the
larvee occoupiled a poviod of time vimilay to thod in the previous experiment.
11 of the pigs used ocame from one 1itter which wan four weeks o0ld when
the experiment starteds  They were divided into two comparebla groups of six
pigs on o weight basis. Unfortunately one of the pigs receiving the x=
irradiated lervae died five days after its firest doses Death was not due
to the Metestrongyluo larvee ond the experiment was contiuvued with two groups
of five pigs. Initially, the group to be vaccinated wore given 3,000 X
irvadianted lervee when they were four vwesks olds Four wesks latey thoy
vere given their second dose, vhich consisted of 64000 zeirradiabted larvae
and four weeks after thab both groups of pigs were challenged with 2,900
normal infeotive larvaa. All of the snimale were killed six weeks after
being challenged.
Feeoces exeninations were made uging the techniques descyibed eavlier.
The sow, whose litter wes uwoed for the experiment, was examined and shown
t0 be fres of Metastrongylus egps using the flotstion technique. All of
tha expecrimental pigs were exanmined bofore vaocination started and during
the second period of wvacclnation, by the same method. VWhen they wore ox-
vested 0 becoie patent d.e. five weeks aftor challonge with normal larvae,
the MelMagter technigue was adopted for all faeces evaminationg.

The plge were welghed before the experiment was started snd then at
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fortnightly intervals during the course of the expeviment.

After the animols were killed severel bloocks of tissue were taken from
the lungs and the bronchial lymph rades of each one, for higiological exeane
ination. The lungs wers thon opened and the mwaber of lungworms counted.

As the wormz were counted they veve sexed and later the sex ratio, male:female

wss oaleulated for each pig.

The number of wormg found at avtopsy in each group is shown in Table 18,
It can be acon thet the mean figure for the conirold group ds slightly higher
than the mean for the vacainades but thers is a wide poatter of 'takes! in
the controls. Vhen the figures for the two groups were compared using the
Yt tost thore was no significant difference bheiveen thom,

While the wormg in the vaccinates wére dhelng counted it was noticed
that some of the fomsmles were shnormally small and were stverile, and it was
concluded that these vere vorms persisting from the doses of xeidrvadiated
larvae. The number Ffound in each pig was 12; 8, 10, 8, and 1 respectively
according to the order of the worm counts in Table 18y VWhen these worms
wore subiracted from the figures in Teble 18 the 'iake! in the vaecinates
after challenge beoama 112.6 & 20,98, This wes stlll not significantly
different from ths conirols.

The sex ratio in the gontrols wan 0435 & 0420 when it was galculated
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Table 18 -

RESULTS OF METASTRONGYLUS APRI VACCINATION BXPHURIVENT

Group Lﬁgéwgims Angeg?n. Sex Ratio % Ani\;eg?n.
230 0.41
109 0.42
Uontrols 85 152.8 & 214.6 0,52 0e35 & 0,20
38 0.41
2 0
148 0.15
143 0.25
Vageinotes 110 1204 & 23.4 0.11 0.15 % 0406
103 0.09

o8 0,15




- 273 -

for ell five pige (Table 18). If the animal. ﬁith only 2 worms was ignored
howvever, the sex ratio became 0.44 & 0,05 and vhen this was tested sgainst
the gex ratio for the vaccinagtes thers was a hizhly significent difierence
{p = 0.001).

Larvated Metastrongyle eggs were found in the fasces of «ll anlmels
six woeks nfter challenge (able 19). HMore controls than vaccinustes however
were found to be passing eggs in the fifth week.

The mean waights for the two groups during the course of the experi-
mens are shown in fable 20 and although it appears that the controls were
lighter than the vaccinates at tho end of the experiment vhen the standard
daviations were taken into aocount thore was no sipgnificant differeﬁce.
Similarly the weight gains for the two groups during the last six weeks of
the experiment wore not significantly different.

Some coughing was heard before challenge in the pigs given x~irrsdiated
larvae but it was not severe and after challen~e pigs in both groups were
heard conghing,

The predominant leslon in the coutrol growp was petches of consolidation
at the edges of the lobes of the lurnges weually not extending into the lungs
further than the periphersl one ox two lobules.s They oocurred in the diaw
phramatic loboes, often at the posterior tip of the lobe, but weve also
quite extensive in some pigs In the apical, cardiac and intermediste lobes.
The consolidated patches were eithor pale greyish pink and ocedemntous, or a

similar colour but firm, slightly roised above the surrounding lung, with =
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Table 19

RESULDS OF FARCES BAAMINATION (B.P.G.) AFCER CHALIUNGE:

VACCINATION LXPERIVMBNT

Weeck

Guroup 12 3 5 6

- = e s 500 550

Controlc " - - - 50 100

- - - " - 50
- - - o - 50
Yaocinates - - - » 50 100
- - - - - 50




Tablae 20

A e

MEAN FORTWIGHTLY VIICHES (LBS) OF PIGS IN VACCINATION EXPERIMENY

lieek
Group 0 2 4 6 8 10 12 14
Gontrols 1041 12,2 2042 30.8 380 49:6 60wl Thed
Vaceinateo 1046 14.2 23.9 3.4 44 0 56¢8 69.8 8406
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granulayr texturs and oveasionally contained small yellow spotse 4 few
small greyish purple nodules were seen in the disphvagmatic lobes of two
pigs. Pale lobules of moderate vesiculay emph,sems were seen in all of
the pigs ab the edges of the disphragmotic lobes.  The bronchial lymph
nodes were sll modevately enlarged.

4 similer type of consolidation was seen in the vacecinated pigskbux
it wae slightly less extensive. Bvery plg in this group howevey had in
addition a considerable number of preyish nodules 0.1 - 0.3 ome in dismeter
nostly located in the diephrapmatic lobes. Several lobules of vesicular
emphysema were geen in nll of the pigs in the dlaphragmatic lohes. The
bronchiisl lymph nodes were moderstely enlavged.

The histologlonl nppearance of the lesions in the sontroels had all
of the features assoclated with patent lungworm infection.  Soxuslly mature
worae of both sexes weye secen in the bronchi sud bronchioles often survounded
by many eosinophils or a mixtura of micus, cogsinophils, plasmz cells and
macrophagas. Mucold metaplasia had cceurved, ‘the lamins propris of the
bronchi and bronchioles was infilirated by eosinophils and plasma oellg.
There wore diffuse accumulations of plesme cells and lymphooytes in the pevis
bronchiolar tissueg and alse bebtween the cartilage of the bronchi and the
smooth musele layere  Lymphoid follicles had also developed in these sites.
Bronchial and bronchiolay smooth muscle hypertrophy wes seen and there was

also some hypertrophy of alveolaxr dugt mugcle, A& few wmultifollicular lymphoid
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nodules were found. The oedematous sreas of consolidation seen macroscopigw
ally, were due to alveolar oedema and a cellular exwdate in the alveoli and
alveolnr ducts consisting of easinophils, plasma eells, lymphooybes, polye
morphonuclear leucogytes end alveolaxr macrophages. Gliant cells were also
present, The walls of many of these alveoli were thickened by alveolar
coll proliferaition and accumulations of plaesma cells, and eoginophils. In
the more granular lesions with oceasional yellow spots theve were aspirated
egee, large numbers of gient cells, eosinophilioc granulomas and cosinophilic
abgvesses, Patches with oblilerative bronohiolitis were also seen, There
was moderate distension of alvaoli and alvooler ducts in some lobules due to
emphyscmas

vhen the bronchial lymph nodes weie examined histologicelly laorge
numbers of follicles were seen with active looking germinal centres. Fosinc-
phils were present in moderate numbers in the loose lymphatlic tissue and in
ong caase the eosinophilic remsing of a paragsite were seen surrounded by
massas of lymphooytes.

The lesions in the vaceinates had sll tho features geen in the controls.
However, there were many more multifollicular lymphoid nodules some of which
had dend parasites at theiy cenires. In addition the peribronchioclar end
bronchial lymphoid follicular development was more extensive, The lungs-
worhs were mostly sexually mature males and females but lyipng beside thenm

were wormg which had developed from irradiated larvee and did not contuin
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larvated eggs. he gonads had e hysline cosinophilic appearunce snd contained
many lipid globules. The uterl were distended with eosinophilic granuler
naterial sometimes conteining small pynknotic nuclei. liopinophilic abscespes
vere more numerous., This was particnlarly true in one plg which had in addition
a8 large area of necrosis associated with many lérvaetad oggs and the remsins of

a deoad parasite. A lymphold nodule was developing around the lesion.

The changes in the bronchial lymph nodes did not differ from the controls,

Discugsion

The results of this experiment did not show that it was possible to
vaccinate young pigs against M. apri using x-ivrradieted larvee. Pari of the
reason for this was the large vardation in the nuuber of worms found in the
control animsls. This was simllar to the result in the control group in the
previous oxpeviment. Conslderable onre was teken in the computstion and
administration of the doses and there was no doubt that each pig received
21l of the larvae it was supposed to gote The two pigs with the lowest "iakes!
iegs 2 lungworms and %8 lungworms st auntopsy had more pulmonary consolidation
than one would have oxpected from the small worm burdens and iV seems likely
that part of the vorm burden was shed before the pije were killed perhaps ao
g yesult of immunity derived from the parent sows Bven allowing for the dise-
appointing wesult in the controls it isg obLvicus that the pigs given x-irr,d-

iated larvee were not completely profected since some of the challenging larvae
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develouped into sexually matuve male and female lungwornis.

then coaloulating the sex ratlo for the controls it vas justifiable to
omit the pig with twe lungworms because of the size of the sample. On this
baply there was a highly significant difference bhetween the sex ratle in the
gontrels and the one in the vecoinates. The lower figure for the conirols
wag due to excessive number of females which cannot be explained by the small
number of obvicusly stuntoed worms which wore found. This suggoents that
there wag persisiance of femelas which weve not obviously stunted, from the
x~irvadiated doses, snd that these were counted as normal females. if this
is trus the 60 kry. of x-irrsdiation was not so efficient in stunting the worms
ag in the previous experviment where the worms developing from lervee receive
ing 60 kr. were of half normanl size. Unfortunately by the time the sex
rations had boen calculaled vhe worms were no longer available for examination
and it wag not pogsible to checlk them microscopically for larvated eggs.

I% hag not been found possible o vacoinate young lambs two Lo three

months of age agsinst H. gontoriug using x-irvadisted larvae, although a

degres of immunity was produced in sheep ovey six monthe of age (Urquhart,
Jarrett and Mulligan 1962). Those workers suggested that this wight have
boen due b6 either (i) immunologic immzturity, (1i) interfewence with anti.
genic stimulation by colosteally aoguired antibodies or (ili) a degree of
immuoclogic waresponsiveness due to the presence of excessive amounts of

atigen, The pigs usged In this experiment were only four weeks old vhen
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they were {irvst given irradizted lar-ee and the development of immunity mey
conceivably have been affected by the first two factors mentioned. If this
io true an x-irradiated larvel vaccine would bs of limited value in pig hu$~.
handry since most pigs sre expoged during the firat sight weeks of life iT
they ere exposed at nll. Only breeding stock which might be put on to
pasture for the firpd time later in life would henefit,. |

In the previous experiment it was shown that one of the msin pathologiocal
feotures seen in pigs given irrsdiated lervae was pulmonary lymphoid nodule
formations, It is not surprising therefore that these nodules were found
more fraquently in the vacclrated group than in the controls. The slightly
greater number of eosinophils in eosinophilic apbsoepgses and the relatively
graator numbers of these abscesses compared with eosinophilioc granulomas,
in the vaccinated aniumels are compatible with some degree of immunity having

boeen prodnced. VWhen mice were infected with Ascurdis lumbricoides eggs and

oliowed to recover, on reinfection many of the larvae were helted in the
liver and there wss s cellular reaction around them which was absent in
primary infeciions, {Bprent and Chen 1949). TRosinophils played a prominent
role in the reaction,

The results of thie experiment were inconclusive since one could not
conclude that it vas impossible to vaccinaite youn. pigs with x-irrvadiated

lavrvao of M, apri. The exporiment would be worith repealing using a smaller

pecond vaccinating dose to reduce the amount of antigen being given and o
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decreage the number of vormg which might develop from the vaccine, VWhen the
final ki1l is mede the worwms should be checked for sexusl meturity. Ideally .
control grouvpa to chack esch stapge of ge~irradiaticon should slso ha included.

& major obgitacle is the vardation in the 'tokes'! with normal larvae and
hefore further experiments are csrrled out this problem would need to be ine
vegtigabed wmore fully. If pogsible piglets from another herd fyes of enzcotic
paoumendia ond whose mothers have been rearcd on conoxete all their lives
should be used in order to exclude the possibility of the passive transfer

of imwomity from the sov Lo the piglets to be used asg experimental animais,
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PUIMONARY  TOAOPLASMOSIS

A five weoks old male pig was autopsied and found %o have a pneunonia

in which structures identical o the pseudosysts of the protozoan Toxoplasma

gondid were seen. An attempt o isolate the organlem in mice, hovever, uaing

lung material which had beemn stowed for four wesks at -5000 was unsudsessiule.
Tae enimal wiich had beon dull gnd unwilling o welk for asome time

bacams tachypnoelc geveral days prior to death.

Macrogcople Findings

The lungs were heavy and the pleural ourface was shinye In all the
lobves of the lungs there was a diffuse wmottling produced by lobules with
groyishepink patches of infiltration. The traches aad bronchi contained
thin gra& fluid and the out surface of the lung exuded similar fluid vhen
pressed. Thig grey turbid fluid waes gleo found in the nasel cavity,

In addition thers was purilent erthritis in the right shoulder joint
and the right elbow and subonitaneous sbocesses vere present at the manubriuan

of ithe sternuwn and in the left foreleg.

Mierogeopic IMadings

Bven at a microscopls level the lesion had a patehy appesrance due to
incomplete invelvement of all the alveoli within the lobules affected. The

alveoli contained cedems fluvid, polymorphonucicne leucosytes and alvaeolsr
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maeropheges (Fig. 90). The alveolar maorophages weve not large and round
wvith sbundant oyloplasm bud maatly wore medivn sized wiitli beev shaped nucled
anfl moderate amounte of cytoplasm. The muelel often stadned heavily and the
oytoplasn was freguently strongly basophilie, Oocasionally bl-nucleated
foras vere scon and one or bwo multinmucleated gient eells were slso found.
There was patehy congestion of alveolar walls nod the walls were thickened
by polymoyphonnslesr leuwcooyide Infiltyation and the proliferation of mono-
nuclear cells within the wallse “heso did not have the appesranse of the
slveolar cells seen in enmootic pneumonia but reseumbled the alveolar mack»oe
pheges deseribed above. Iymphocytes and plasma cells were also seen but in
smaller nuabers then the other Htwo cell types mentioned. A few regions in
vhich there was swelling of the alveolar epithelium were found (Fig. 91).
Some of the alveclar epithelisl cells had a single abnormally large hypewve
ohromatic nuclous {Pig. 92) end one multimioleated epitheliul gisnt cell
VRS peol.

The lumins of the bronchioles and bronochl contained cells similax to
those seen in the glveoli. fThe cells of the bronchial and bronchiolay
epithelium had larger and move strongly hasophilic nuclei than normal and
the cytoplsum of many of them was slso strongly besophilics. Several mitotic
fipures were seen in those eplthelisl cells. The lamina propria of the
bronchicles vas modevabely infilitrated by wvolymorphonuclear leuwcocytos, vhich

couldl be scen migrabing through the epithelium end there wons a mild fo
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moderate diffuse infiltration of the peribronchiolar tissues by polymorpho=
nuclear leucovytes, maercophages and lymphooyies. The perivascular tissues
were infilivated in o similar menners Mild cadema of the interlobular septa
was seen end although the sepia were infilirated by considerable nuwbors of
polymorphonuclear leucceytes and msevophages (Flg: 90) they were not grossly
thickenad.

Host of the protozoan strusture were geen lying free in the alveolar
Juming (Figs 93)e They wore sither roundy 10«15 ia diameber, or pear
ghoped end 15«20 long x 92.0«14.00 broads They were slightly cosinophilic
and contained 11«50  basophille bodiess A fow of these posuvdocysts appesred
to he extending from the slveolar wall into the lumen (Fig. 94) snd some vere
seen in the alveolar wall.. The pseuwdocysts vere obviously forming in cells
of tho lung tlesus and two cells were geeng one an alveelary epivhelial cell
and the other free in the alveolar lumen, with groups of the basophilic
bodies developing in thelr cyltoplaam and the nuocleus aquashed at one end of

cell.

Discussion
TR Ay i Vvt i

Toxoplaoms gondil is knowm $0 be capmsble of infcoting o large number

of different species snd infection in the pig has been desoribed {Momberg
Jifrgenaen, 1956, Harding, Beverley, Show, Hdwerds and Devnett 1961). The

latter anthovs reported the first oubtbreak rocognised in pigs in Great Byitaln.
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In the cases they described, dyspnoes was s prominent featurce and from their
review of the literature they stated that "Most suthors have found lesiong

in the lungs vhen overt disesse was present and it seems likely that pulmonary
signs mey ba a common feature of aocute hoxoplasmosis in young plgs'a

The infiltretion of the interlobular septa described in thelyr peper
vag seen in this case but Librosia of the saptel, pleural and perivasculer
tlasues had not occurred.

Toxoplasmosis is sometimes agasogiated with nserogis in the lung but
neorosis was not seen in this case, and apart from the sbscess and puralent
erthritis seen macroscopically no lesions were found in the other organs and
no pseudocyste vere seen in the brain, myocardium, liver ox kidneys.

Toxoplasmosis had not bBsen seen previouwsly in the herd i whlch the plg
belonged and no cases have beon diagnosed sinoe although the hexd ia clossly
supervised and every animel) dying is post-mortemed since itv is ovmed by the

University of Glasgow Veterinery School and is the source of experimenial plgg.



Fig. 90 Toxoplasmosis: ocellular infiltration into the bronchioles, alveoli

and septa. He & E. x 50

Fig. 91 Toxoplesmosiss swelling of the eplthelial lining of an alveolar duct,

filled with polymorphonuclear leucocytes and macrophages. H. & K. x 300



Fig. 92 Toxoplasmosis: large, dark, nucleus of an alveolar epithelisl

cell. H, & E. x 500

Fig. 93 Toxoplasmosis:s pseudocyst of Tox0plasm64§3ndii geen within an

alveolus. H. & E. x 2,000
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Pig. 94 Toxoplasmosiss a pseudocyst projecting into an slveolus from its

wall, H. & B, x 800,
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GIANT  CELL PNSUMONIA

A giant cell preumonia vas desoribed in pigs by Schofield {1956}, who
quoted Whittlestone {personal commnication) us ssying that he had seen a
similar condition in Hwo herds free from enzootic pneumcnin, Schofield
however did not give any details of the leslons which he had clagssified in
this vay. |

In this serles two sets of lungs wore found in an abattoly survey which

had & giant cell pnecumoniea.

Macrogeonio Mndloge

Smell, oealtered reddish, lobular arcap of consolidation were present
in the apical, cardisc, and diaphragmatio lobes of the lungs.  The bronchial

1ymph nodes were moderately enlarged.

Micromeoypio Mindings

The most striking feature histologieally wens the presence of many large
muldinuclented gilant cells within the alveoli (Fig. 95). Along with thase
were numbers of alveclar macrophages, eoginophils, vlasme cellas and lymphooytes
(Fige 96). Some alveoli were full of palymorphonuclear leucocytes. ‘“he ale
veolar walls were thickened in places due to dnfiltrotion by plasma cells and
ecoginophils, %This infiltration was particularly ncticable arcund the smsll blood

vesgels in the alveolsr walls. ‘he slveolor epithelium was prominent in some



alvecll and papillary projections inte the alveolar lumina consisting of o
central eosinophilic mass infiltrated by plasma cell and maorophages and
covered by alveclar eplihelium were found. The septal and pleurel connective
tipave wore falrly heavily infiltrated in places by plaswe cells, lymphocyites
and 2 smell but sipnificant number of sosinophils. ‘The peribronchiolar
tigssues were diffusely infiltrated by plesma cells, lymphocytes and cosings
phils and similar eell types could be found in the lsming propria of the
bronechioles and brenchi. The bronchial epitheliuwn was hyperplastia and
the lumina of the bronchi and the bronchicles was seopetimes full of poly-
morphonnclear lencocytes, mixed with which were soume eosinophils and ex
oocagional glant osll.

'The bronchigl lymph nodes contained a large number of follicles with
large clesr germinal centyves containing numerous mitotic figuvres. Considers
able mumbers of eosinophils were present in the dense lymphabtic tiseue around

these follicles.

Dlsgussion
The setioclogy of thie lesion io nobt clear. The fact thabt a smell
but significsnt proportion of the inflamembory c¢ells vere econinophils suggestis
thet a pavasite wight be vesponsiblee Ho parasitic larvae however oould be
found in any of the soctions oxomined and the lesion did noh look as i€ i3

vere due to Mebasstrongylus gps It has been knowm for a leng time that the
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lavvae of Agceris lumbricoidog migraﬁe through the lungs and can produce

pneumonia in the pig. It was shown hovever, (Bette 1954, Undexdshl and
Kelly 1957), tha% olinically this pneumonia d4id not last very long and that
the pulmonary lesions had resolved by 21 days after sxperimental infeetion,
The histology of thoe lesione was unfortunaisly not described. I these
cpoes were & result of Ascerdsg larvae the infection must have occurred less
than thies weeks prior to slaunghter.

o cases of pneumonia wnequivooslly due to the larvae of Ascuris

lumbricoidea were found in this investigation.




Fig. 95 Gient cell pneumonia: many giant cells in the alveoli and diffuse

cellular peribronchiolar infiltration., H. & E, x 50

Fig. 96 Giant cell pneumonia: multinucleated giant cells within the alveoli.

H.&Ecxsm
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PULMONARY  YAGGULAR LESIOND

Artorial disovse ip not a comwon oeusc of olinloel disesse in the pig
althovugh there have been soveral reporbs describing lesions in the sgysiemic
arteriel sysbtem resembling the eurly stages of atherosclerosis {Gotilieh and
Lalich 19542 Jenuings, Florey, Stehbens, and French 1961). Fulmonary
prterial lesions were found in two plgs in this pories. In the one dpo=-
oribad as Cape ) the lesion was sn arteritis and in the other desoribed as

Case 2 it wag due $o pulmonary embolisu,

Casa 1

Yhis animel wes a three months old pig vhich wes found dead,

Macrosoopio Mindings

There was a smell gquantity of serous {luild in the asbdomen ard in the
liver there wero several focal patohes of fibrosis. In all the lobes of
the lunges there were small reddishepurple potches vhich did not feel pavticular.

ly firm. The bronchisl lymph nodes wvere moderately enlersed and ocedenatons,.

Miorosooplc Flndings

Higtologioal exsmination of the lungs showed the presence of o pulmonary
arteritic (Fig, 97). Many of the intrselobuley branches of the pulmonary aritery
vare affectod. There was fibrinoid necrogia of the wessel wall which often

involved the whole ciroumferenco (Fig. 98) end in longitudinal sections could
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bo seen to be distributed foeally along its length. ‘“he necroiic wall was
intensely eosinophilio, vas P,A.Se positive and shalned red with Mallory's
trichyome staine It was bluwe with phosphotungstic acid haemoboxylin,
Suvrounding the lesion was & cellular infilirate of polymorphonucleny 1leuCQe
cytes, lymphocytes, plasma cells and some meavophages. the connecbive
tissue around fthe vegsel was cedenmntous snd fthe fibroblests had become
promivent. Moot of the lesicons were in that part of the vessel adjecent
to & bronchiole. Phe neighbouring alveoli were gither normal or contained
a few alveolor macrophages and lymphocytes,  Beveral small) pabches of slwmple
bronchopneumonia were seen in gome of the alfiected lobules,

The bronchisl lymph nodes were cedemstous and there were msny poly-
norphonuciecar leucocytes in the looge lymphetic tlssuc.,  Thero weve only
moderate nuwbers of lymphoid follicles presente.

Wo lesions were geen higiologically in the other organs.

This cage waos a 80Wwe The farmer notlced that the gniwnal was losing
veight and it dropped dead quite uwnexpeotedly before he eolled for veterine

ary advioe.

Macroscopic Findings

The cavease was emaclated. The perigardium was distended with yallow
serous fluid and there waps a mild fibrlinous pericsrditis. The corponsyy

velus wvere distendeds The right ventricle wee hypertirophisd and on the
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pulnonic valve there wes a large oveamy coloured, friacble vegefation 4.0 cuo,
high and plmost completely blocking the pulmonary iruvk. Several vegetations
which were much smaller were found on the mitral valve and on the aoritic valve,
The lungs were congestad and there was pulmonary ocedemas Scaitered over the
purface of the lungs perticularly in the diaphragmetic lobes were severaml
dark red patches sbout 1.0 cme. sguere. On section they only extonded into
the lung aboulb 0.5 cm, and in one of them & creawy coloured thrombus 0.2 em.
in dismeter was geen in & brench of the pulmonary ardery. When transverge
sactions vere made through the diaphragmetic lobes of the lungs large emboli
were maen in many erenches of the pulmonary artery. The largest emboli were
seen in vassels Cl0 om. in diowmeter. fn embolus wes also found in the dorsal
segment of the gardisc lobe of the left lung. There vas no pulmonary in-
faretion., ‘'he bronchisl lymph nodes were enlargod.

Several small, pale infarets were seen in the left wventriole and these

vere also renal inferots at dlfferent stages of development,

Mioregcople Bndings

Histological examinagtion of the lungs demonstrated dhe présence of
oedema fluid in the alveoli, alveoler ducts and bronchioles. There was
pulmonayy congestion and the derk ied petches meen macroscopically were arcas
of haemorrhage. VWhere huemorrhaoge had occurred hasmosiderin containing
nacrophages had collacted. Boattered, swoll acoumlations of polymorphonuolear

lencooytes and alveolar mscrophage were seen in the alveoli.,  The most striking
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faature hisbtologicnlly was the ewboll in the branches of the pulmonary aftery
(Pige 99)e 'These consisted of a pale pink mass of conglubinated platolets
blogking the lument of the vessel and upually the vessel wall merged with the
embolus hedsuse of infiltretion froé the vessel wall by polymorphonuclear
leucosytes, wmacrophagess fibroblaste and capillaries. Many emboli conbained
laige olumps of bacteria. In swmaller vaggels the inflemmetory veaction had
gpresd to the sdventitlal comnective tissus. Some brounchi hed ocdems Lluid
and small numbors of polymorphonucleay leuccsytes in their luuina, The
bronchial lymph nodes had many folllcles with laxge, pale gerxminal ocentres
and there were conglderable numbers of polymorphonveleny leucosytes ln the
loose lymphatic tisous.

Higvological exumination of the hesrt oconfizmed the presence of ine
faretion and perdcerditis but also revesled an embolic myooerditis. Sinie

larly, inforetion and embolic nephribis wore seen in the kidneys.

Bagteriology

Culturel examination yielded a profuse growth of an elphs hueemolybio
atreptocaccus belonging to Lancefield!s group €. The organism wes grown
feom the veogetations on the valves of the heart, the pnlmonary emboli and

the Kkidneys.

Discusgion
AN T

Tho legiong in Cape L were mimilay to thospe gccurying in pelyartoritin
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nodosa and it is probeble thet this cese iz an exnmple of this condition
vhich has slready been describsd in the pig, (Stunmi 1949).  The actilology
ig wimown although an allerglo reseltion in the wvessel wall is postulated.

Broterial endocawditis in the plg wost rogquently affectw the mifral
valve and consegquently pulmonary embolism dus to this conditlon is not
gommon.  Although in this csse, levge branches of the pulmonary extery were
occluded thore was no infavetion in the related portion of the lung illus-
trating the exoellent collateral blood supply from the bronchianl arteries
vhich the pig has in common with other species.

fAthovosclerotio lesions were not seen in the pulmonary clreulation in
apy of the animals, Yhis was probably due %o {a) the young ago of the vash
majority of the pigs exmmined in this iavestigation and (b) the known merkedly
loveyr luncidence of atherosclerosis in the pulmonery cirveoulation compared with
the systenic oirculation sttributsble to the mmeh lovey blood preasure in
the former.

The most importent cause of almonary haemorrbeges in the pig is the
swine fever virus. This virus may produce loburlar patches of haemorvrhoege
scabtored foeally dn all the lobes of the lungs. laay cases of swine fever
geon dn the field howeveyr, have pneuvmonia snd it has been clained by some
vorkers that tho swine fever viruws will produce pneumonis.

During this investigetion a limited number of lungs from one ontbreak

of swine fever becsme avallable foy study and 1t was found that the pnevmonia
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ocourring in some of the pigs wag ‘sinilar to engootic poewnonia histologically.

VeFadysan {1896) expervimontally iafected twenty pigs with swine fever
snd only found small hacmorrhapes and collapse in the lungs a¥ post woxben.
Ho was of the opinion that vhen pnewmonla ogeurred 1% was a secondainy ine
feetiona

Keynkamp {1939) in o description of the frequency of different lesions
in 334 plys with swine fever consiobing of 286 netuvally ocourring cases end
48 axtilicially infscted pigs, Tound'hyparaami& of the lungs in 44,94, pule
nonayy haemorrhace in 27.2% and pulmonary inflemmetion in 40 o e In the
experinentel serics, pulmenary inflamustion was found in 1450 while in the
f£ield cases 1t odourred in 44.7%. The lesgions were typical brounshepneumonian
and oconpionally e lobar type of preumonia. Ho also exprossed the opinion
that mneumonia is e scecondary o complicating factor.

Pattizony Howcll end Blliot (1957) however, described pneumonic aroas
in geven pigs given swine fever virus indratracheally which vore indistingunishe
sble from enzmootic pnevmonia moevoscopically, but hed o different hisiological
appearence. They sumnerised thew as belng "cheracterised microscoplcally by
collapse, with varying degrees of cellular exudate™. Yho cells beoing dey-
cribed as polymorphonuclear loucocytes, higtiooytes and septal c¢ells, Small
haomoyrhages were present in some secbions and oceasionglly cudffing of blood
vegsels with small round cells wes noted.

Bacteriological exmmination of the lungs was negative in a1l bub one
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onse from which a Pasteuralls was iéolatedQ e asuthors concluded thot the

svine fever virus wag responsible for the lesion and said that they aone

firmed this in three pigs infecied intraperitoneally with the vizus,
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Fig., 98 Pulmonary srteritiss fibrinoid necrosis of the arterial wall and

perivascular cellular infiltration., H. & E. x 300



Fig. 99 A large embplus containing bacterial colonies and infiltrated by poly-
morphonuclear leucocytes, in a branch of the pulmonary artery.
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CONCLUS TONE

The pulmonaryy lesions of the pig had not previously been classified™
on a morphological besis and 1t was felt that this was & negessary pre-
reguisite to wnderstanding pneumonis in the pig, 9o that these conditions
wvhich are important economically can be controlled in the field. In order
to do this & survey of the nalfurally ocourring pulmonary dimease in the pig
wes carried out and a histopathologioal olassification was prepared offer-
ing adequate and satisfactory eriteria for defining the different pulmonary
dlisesses of the pig. Using these oriteria the pneumonias were divided into
thirteen groups, whloh wvere apparently specific entities. The other studies
which were sarried out supporited the concept that these were in fact sef;
arate entities.

Enzootic pneumonia and the pneamonia produced by Metasbtrongylus apri

vera more fraquently found than other pneumoniass snd were therefore studied
in more detuil.,

The experimental siudy of enzocotio pneumonia showed that this disease
is a-scolated with e series of changes in the lungs; the histological
chareeteristics of these changes vary with the stege of development of the
disease and the features of the lesion depend, at least in pard; on the
duration of the infection. By correlating these observaitions with the
changes found in pigw which had developed pneumoniz under field conditions

it was pogsible to delineate and characterise enzootic pnewmonia as g histo-
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pathologicel entity differing in seversl important ways from the other naturally
ocourring pneumonias of the pige Until the eticlogy of enzootic pneumonia
is Tirmly established histopethology muet be the umain diagnostic critexrion,.

Some of the festures of enzootic pneumonis are similar 4o those of the
pneunonia produced by infection with M. apris The experimental studies on
this disease however showed thet the pnoumonia due to Mu apri was associubed
vith other pulmonary chuanges which are cheracteristic of the condition and
enanble it to be sepsrated readily from enzootic pneumonia. The preunonis
due to Me apri was also found te have & sequential series of changes vhose
appearance depended on the time after infection at vhich the lesions were
examiued,

Wnile attempting to protect young pigs against M. agri by using X-

irradinted infective larvae of M. apri, to atirulate sctive lmmunity, it was

found that x-irvadiation (i) reduced the number of worme which developed
from o given number of larvee (ii) prevented the worms from becoming sexuslly
mabure (i11) end resulbted in the worms vhich developed from x~irradiated
larvae being smaller than those vhioh developed from normsl lorvaej the
degree of stunting depended on Ythe level of x-ir.adintion edministered to
the larvae, In addition it was shown that the male larvae weve more suscept-

ible te x~irvadiation than the fennle laxrvae.
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