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Ihis BISTOLUGICAL STURY CF TRy GEFFLCTS

CF CRITAIR VIAUSES OF P4n LACPATING

BOVINE MANMARY GLAND

IRZR0DUCTICH

Racteris sre ususlly congidered to be the cause of dovine
mastitis althoush the speciesn involved may vary [rToct cage U0 case.
Bactericlogical examination of milk from mestitic cows does nwot,
however, alwsys reveal tke etiolcgical‘agent znd the possivility of
a viral mesiitls must vot be overlooked. The purpose of the present
study is to coupore the histopsihology produced in tie lectuating
bovine mammsry gland by a virus of host range with that causedby a
virus not of host range. 4 virus of host ronge is interpretsd us
meaning & virus which normally infeets the bovine apeciep, 3Such a
study might yield results or cbservutions which would aid in the
diagnosis of viral muastitisz. Furthermore ii the cells in whien virus
sultislication tekes piace cuwn be identified, the resuliunt inforhe
ation mwigbt prove to be.of value in tissue culture work,.

Veterinarizns in gererzl nuve shown little interast in the
effects of viruses on the bovine mammery pland. Hustitis is reported
as part of tne syndrome in foot und mouth disesse snd in vesiculax
sbomutitis bul it s+ill mewuwins 0 be abown whether ihig mastitis is
a prisary resalt of virus infection of memaary tissues or is u
gecondary bac%erial infection following vesicular forumution on the

teat, 1o malisnont caterrnel fever tissue changes huve hoen desoribed
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in the lactating and nonlactating memmary gland but in othexr virus
diseages of the bovire the uddexr has received scant aitention,

Certain studies have had ss their objectives the propegstion of
virus in the tovine mammsry gland end the messurement of the resulting
antibodies. In other instances viruses were introduced into the
pessayy tissues sclely in an effort $o produce messtitis, iHowever
histological studies on the effects of the viruses introduced for sny
of the previously mentiomed reagons haye gpparently not been reported,
It would seem thst information resulting fros work conducted in this

particular field should be both timely and pertinent,
LITERATURE REVIEW
BISTOLGGY OF THE Z0VINe MARFARY GLAND

Pathology might be defined 2s a solence which attempis o
correlate specific effevis to definite causes. In order to recognize
these specific effects one sust heve & thorough knowledge of the nérmal
structure, For e:ample; the bovine massaryy glend has been reported
%o undergu various histologival changes in relation to vxrious phuses
of the reproductive cycle {Pammond 1927, uspe 1946, Turmer 1933,
gmmerson 1946} and changes were also noted in recontly-milked glenda
as comparved to milk-distended glards (Twmmer 1933). As such changes
uight be considered of patholegieal sisnificsnce the nowmel strusture

of the wdder must be considered.
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The bovine udder is divided intc two hslves by the zedisn suapen-
sory ligament. Kook half in turn is divided into tws guarters by a tkin

sornecstive tissue gepiua vhich is not obvicus grosaly. The gross

festures of a rusr quurter sre illustrated by o protograph of & sugittel ;

section throwgh the test (Pig. 1).

Fumercus histologiosl studies have been conducted on the bovine
mammery slend and many excellent reviews are to be fownd in the litere
ature, Hobsble smong these are the works of Helmboldt, Jungherr aud
Flsstridge (1953), Turner (1933) and Hommond (1927). HeFadyean (1930),
tolm {1937), Ewong (1940), Venske (1740), Emmersen (1946) snd Yamazwa,
One, Vemurs and Ise {1958) contribuie mush to the present Lknowledge of
the hisiology of this organ. The folloving desoription wes compiled
from o review of the above mentioned references.

The mamesry gland oonsiste of 2 system of duets wﬁich ahow mBorked
ranificstion and branching. fhe teyuinal ductules enlarge forming
alveoli or goini (Fige 2). The duets are ohiefly lined by two rows of
cells {Fige. 3) except for the finest ductules (invercelary dueté) which
are lined by a spingle row of cells (Fig. 2)« Cenerslly, in an alveolus
there is only one epithelial cell layer (Figs. 2 & 3) but it is not ua-
commeon $o Tiné alveoli possessing s multiloyered epithelius in & portien
of their circumference, Wnile this difforence is considered io be dus
to hypernlesia no pgthglagioal aiznificence is attributed to it.

in the .fully diséenﬂeﬁ {(milk-laden) spithelial cell one notes fat
éroplets and o clesy homogensous cytoplasme The nuclei are usually
oushed toward one end of the cell by the fat droplets; sometimes being

nesr the free border but usually &t the base of the cell. 4s milk
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Fige 1. 3agittal section ithrough reaxr gquarter
of = leetating bovine mammaxy gland.

1. Streck canal

2. Teut oclstern

3. Gland cistern -
b Duocts

5. Udder perenchyma

6, Supraummmmeyy lymph node
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acounulates in the lumen of ihe alveolus thers &are changes in the
epithelium, fFhe lobules shyink ez o whole when the gland dis empiied
by milking snd the interlobular zepiw are broadened to the extent that

they are vigible to the naked eye, the alveolsy epithelium thickens, its

{Figs 2). 'The slveolar walls sre often wrinkled, particularily in the
larze alveoll which become elongsted with clefitelike lumime. The
sualler alveoli temd to remain sphericsl. The ducts sre imuch narrower
then in the distended gland but the Iluming yameldn open end contimadty
of lumexn between the ducts end olsterns is malnteined. The walls of
the oontracted ducts are moyxe thickened and folded.

In & full udder the alvesli sre widely dlstended, tha cells
merkedly Flattemed and the muclei widely sepsruted, Bitotle figures
ore somaetimes bui not fraequently noted in tie seoratory cellz. The
close relstionship between the terminal ducis and the alveoll is ine
dicated by the relatively cellular, non-fidrous charscter of the strouz
surrounding the ducts. 7This suggests 2 nore active umetabolism in éhe
terainal dust epithelium similar to the alveclor epithelium, There is
& cradation of structure and function from the more peripheral szoretory
duots to the centrsl terminal ducts and alveoli.

The parenchyms of the gland iz divided by consmective tissue septs
into divisicns of ineressin; size which are gonnected by & systen of
ducts. The alveoli ure rﬁmly geparstad by fibrous connective tissue.
fhase microscopy hos shown thet the alveolar epithelium resis on &

digtinct nembrans propris or basement membrane., Outside this basement
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Figs. 2 ond 3.




Fige 2. Section of nomeel lucteting bovine memuary zland (immedistely
after milking) showing elveolur epithelium, intercelary ducts

and interlobuler septa., § & & X L0L.

Fige 3o Section of nermal locteting bovine meswary zlund showing duct
lined with two rows of cells, aggregstes of lymphocytes and

ﬁlvecli. 3ok 4 LBC,
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membrane is s busketwork formed Ly myoeupithelisl cells. This network

is particularily abundant obrut the duets. These cells, varicusly
named korbueilen, basket or nycepithelisl cells consist of an elongubed
fibril wisicn zuy extend beif woy around ¢ layze alveolus or mediua
slzed duct and is =zssocicted wildh & snell, flatiened, moderutely dense
and sometines vavy arindle-ghuped nuclous.

A group of siveoli foxm ihe lobuls., The lobule is surrounded

by a distinet {ibrous connective tissue septum (Piz. 2). Yie inter-

exlury duct {ductule) of smeh slveolus unites to fory amall intrse
lobular duets whic. drein into o gentral intralotslar milke-collecting
space. &% the periphery of the lobule the iutralobular collecting
somee narrovws wal pessses through the cornective tissue soptum nmnd bee
comes an interlobular duct. These sre the ducts which aye found in the
broszder septs of connectlve tiseue bebtween the lobules (Pige 3). &
grouy of lotules pre united by bzueder septa inits o lobe. The intere
lobular ducts unite in a dilsted interleiular nilkecoilecting sé&ca.
T:ia ssane nervows ob the perighery of ihe lobe intc ¢ single duct wnd
passes cut of the lobe to become so inlerlobsy duct. These intexlobsy
ducts im turn undite te form ¢ dilated wlikecollwoiting suuoe, whieh in
turn empiies info the lead cistern. The venmtprel thiyd of the udder tendsg
to axnibit less evidence of gecretion then the more dorsal portions.

Yhe region of the 15&%@ ducts entering the gland elstern ls surroucded

by dense conueciive tigsue,

vaution should be ciaployed in the bistologde

intersyetation of ithe ventral levels gince the supvortive tissue uilg

easily Le mistuken for replucement {ibrosis.
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e lining of tie glund cistern (sinug lactireri or receptasulum

A

izetls) is quite similur to tnot of iie lamger duets (Vig. 4).  sccessory

glends lined by siuple cuboidul eplibeliom snd frequently surrounded
: by lympbocytle inflltraticns are locuted din $he tenles propris ol th i
glund cisterns  fhe glend cistern is comiipucus with tne west clsiern %
}
(duetus puplilosus or ductus lectiferi). f%he lindwng of the teud elstern é
iz aimilaer o that of $the glenc cletern and zocessory glunds are uwsually ;
found througnout tie longth of the teat. The wcoessory glands of ihe
bovine wdder appear to he analogous o the glands of zZontiozery ssen in
; toe urecle oi man. The double leyered cpithelium of tiue teet cistern
changes abruptly to stratilied squanous epitheliuwm whiclh lines ihe taat a

}
: cznzl {strewk canzl) and is contizucus with ire stratified squamous
|

i opithelive covering tine teat itselfl,

In uost cows there is an increase in the rate of secretiocs for i

{

1

speroxinetely one month Yollowing parturition after widen time there is ,

& gredual decline in this rate. whether these chunges sre ihs fééult
¢f the gradunl deeline in activiiy of individuul alveolsr cellsz or
whetoer thore ia ¢ grsduel sesswilozn of the nost peripheral and least
aourished perts is net soowie 48 soon we the cells stop secrating

miix the sdvesli wnd ine duwels wiln tihs one layer of epitheliws ine-

volute wntil dn the dry wdder only ithe cullecting ducts wni infersiitiszl %
tissue remaing A iﬂvoiution tuken slooe the lymphoertes (Fige 3) ine %
crecse ln xuuber u tre inierulveclsr tiswus. U ~roliferote =oo %
forme diffuse wooregates often sbavduting o ploture ol scesuided cifiuse §
interseltinl sustitis. vare siould be exoreised in toe inierpreiatiohk ;

of %un prtholosic aipniiiconce of this rescciion solely on the buels of

[EERRe

findin

ndlng lyupiooyies.
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Jeeticn of gland cistexn frow noruel lsctuling bovine mammery
£land showing epithelial lining witi two rows of cells.
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Corpors amylacea are normaelly foumd in the bovine mammary gland,
These concretions vary oonsiderebly in size usunlly oconsisting of

stretified layers and are resistant to acids, alkalis and fat solvents.

These bedies ave found in the alveolur lumen, alveclar, duct and cialem |

opithelius and in the intersiitial tilesue. They occur in two foraa, The
commonest is a darkly steining solid coneretion often smaller than ihe
nucleus of the alveolax cella. The other type is 2 lurge racleated body
consigting of material precipitated arcund ithe alveolar epithelinl cells.
Cesasionally the corpora emylaces become imbedded in the interstitial
tissue by having ar alveolus atrophy ax'oum them, The number of ¢orpora

auylaces is unrelated to beoterial infection or the lemgih of lastetion.

CLASSIFICATIUN OF DOVINE MASTITIS

Bovine mastitis ie caovsed by a large number of infectious agonts
vhioh gain entrance inte ths udder through .nounds or are introduced
through the teat canal or ave curried there by the blood stream. Of
these orents bacterin are by far the most important =nd mosi common
causes of mastitis. There are Lowever cases of meeiitis fiom which o
eticlogical sgent can be demongtrated. Fecause of the great varietly
of bagterisl and fungal epgente involved in the sticlegy of btovine
pastitis it bss become s coxmon practice Lo olesalfy mastitis ascoxiing
to etiologioml rather than histological eriteria. we thus heve brucelle
meotitis, leptospirsl mestiils, streptococcal mantitis, staphylocovcsl
mestitis, oryptococesl mastitis, mycobacierisl msstitis, otc. Histo-
logicelly mogt cases of mastitia are almost solely an aoute inflesmatbicn,
Chronic mastitis if defined on the basis of histopsthology is very une

common end exisbts chiefly as & oclinieal enmtity.
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Helmboldt, Jungherr ond Flestridge (1953) reviewed the clussificae

tion of bovine mastitis und presented a classificetion of their own bused

on histological oriferis. 1t wag felt that since their classificstion
was reln.tiwly simple, yet workuble, that it would serve our present
needs sng is sunzarized hares
Aguve fastitis
Grade 1 or 3light
Grade II or Moderate
Grade 1II or Harked
Chronic Mastitis
Agute maatitis
Grade l.

Histological changes are slight and confined tu alveolar ond
ductal epithelium end rarely involve the cisternal ragioms. The
alvaolar cells appear hypertrophied and wre peruhaps unduly vacuolated.
Pree epliihelial oells awe geen in the ares of the lesion mi csution
is neecessary in inter;:z-eting smell rambers of them zs patholozlicslly
significant since sueh cells are geexn in nommal uddera. Thesoe cells
do not exhibit evidenee of pheyooybic activity nor dc they form giant
¢alls. %The secreiion itends tc¢ be clotted and rsmsins within the
alvaolus, often atbdaching iiself to the walls by paendoyodiselike Lrce
cespas. Under wost circussisnees normel milk is washed out of the
tissue during ﬁracassing. leaving patent lumina, Weutrophils snd s

few cosinophils arxe sean in the periductal tissue bul these appear to

be migrating to the affected ares. Hectoria ave uct seen in ihs tissue

but appesar in some instances witi the debris in tne lumen.
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Crade 1I.

his form is an exitension of grede 1. The resciion is more ine
tense and extends over & lavger arss, usually more than 2 lobule,
Alveclar epithelinl chenges ere similur to tnose of grade 1 tmt sirophic
changes are seen. 4ireas whers the alveolsr spithelium haa sloughed
are rare but loss must be considerable judging by the mmber of free
apithelial cells. Heubtrophils predonircte with anall musbers of
eosinoptiils, plssna cells, magrophages end lymphooytes. In this grade
the grunuloecytic elewenis cre usually Mn within the luzen zs well as
in the periductal tissue, In coliform mastitis there is & surprising
anift in the leuccceytic iype to & pradominwe of sgramuloeytes. ‘Yhe
secretion i3 clotted and conteins leusocytes, epitielisl ceils, and
rayely, bazoteria.

The interstitisl tissue is slso a.i.‘few;:ted and in sddition to the
leucoeytic infiltration, oedema and vasculsr engorgesent ave noted. the
periductal tissue reacts by proliferution resembling involution. - The
lamins propris of the cisternsl membranes is infiltrated with leuncooytes,
usually agramalioccytes, and the nommal double-layered epithelium mey be
hypertrophied, hyperplestie or both. In seme insisnces metaplasis und
desquamation are seen, This condition is often asscclated with varying
desrees of involution.

Grade 1XI.

The lesions are nassive, uesuully there is neocrosis with subseguent

loss of arohiteo;t;ure and infiltration with newtrophils and HeCrophases.

pucts are filled witn cellular debris and exudate. ihe wnvle provess

I
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ic ossentiully the same ae grades 1 and I1 excepd that the lesions
extend over & larger wren and lg therefore more destructive.
Chryonic megtitis

Grude JII awmstitis sometimes resulis in o stelemate botween ine
fecting orzzniam ané the defense mechanisw of the uddar. The infecting
orgzanign bagomes loozlized and the fibrous elements proliferate in an

attempt to contain it. ILymphooytes roplzce the neutrophils in the

infiltration,
REACTION OF THe BOVIEE 70 Viaal I4FECTICH

A defdnition of the tewm virus aight be of value before attempting
to denl with the rezction of the bovine to virus infectiion. There eppsar
to be seversl échools of thought on the subjaﬁt of "what ia a virus?®
There are those who look upor viruses as microe-organisms, there ure
thoge that leok upon vimuges s molecules and there are those like Lwoff
{1957) who sey viruses are viruses.

Syverton (1960) in defining the term virus first defines a cell
a8 @ natursl devios for carrying oul ceriein bicchemical syntheses snd
for building replicas of itgelf. To vermit this accomplishment 1¢ ine
corporates o tuili-in cods of instrustions, the jenicechromosomzl
appuratus. The virus likewise has & built in code of instructions, in
the form of mucleic aoid:wr&pped as & padkege to facilitete entyy into
& susgceptible host cell.

P:is congept of virua involves two points: (i) foreigness to the
cell, implied by the fact that the nucleiceprotein ccde includes ine |

structions for apecific packeging cnd (14) complete dependence of the

| P
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virus oan the gell for physiologic activity., The virus is a relatively
pageive partner in o peculiar hosteparssite weletionship. It is &
packeged blusprint that canses a cell t¢ divert its eneryy partly or
wholly ﬁo the production of more virus. Ineidentelly, but as a resuli,
the cell is phyesiclogically impaired or destruyed producing oytopabhdc
affects.

Iwoif (1957) defines a viyus move precisely =s & strietly intre.
cellular and potentially pathogenic entity with an infegtisus phase
snd (1) possessing only cne type of nueleic acid, (ii) mmltiplying in
the form of its genetic meterial, (iii) unadie to grow nor to underso
binary fission and (iv), Geveid of & Lipmesn systow. %e qualifies the
above by stnting thal any one ¢f the charucters {i) Yo (iv) is suificient
t0o identify en entity possesaing an infeotivus nuclesreproteinic phase
as & virus,

sSyverton {1960) velieves cellular impairwent resulting in oyto-
pathic efiect uight be aitributed to (e) deletericus toxic influence of
newly replicated virus perticles ss they accumuiste in the intfecied
eoll; (b) o simple inadequssy of the oell to bear the combined losd of
cell naintenunce and virss mamufecture, amd/or (c) the diversion of
essential meiabolic processes from cell axinfensnce to virus produstion.

sauncers (1957), however, dose not feel thot dumage of animal
cells is vorrelsted with tho smount of new virus produced as would seon
to be the c:se with bacteriophage where the numbsr of virus perticles
required to produce lysis ie of the swmo omier &s the tmrst sime. It
would appear that animsl virges generslly wye sble tv ésespe with ease

frou cells almost as goen ss thoy are formed, In the case of ihe
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viruses of influenza, western equine encephalomyelitis snd police

myelitis there is a perlod after the infecting virus has peneirated
the culls during wihich no infectivity is recoverubla, fellowed by &
poriod during which new virus is relewsed in sn exponential munner,

Rubin, Baluda end Notchin (1955) have shown that western egquine
ancepkalomyelitis virus growing in chick fibroblaets projuses in the
order of 1,000 plague-foming units per cell, %he relense of new
virus begins about two hours aftsr infection and contimies for up to
12 hours. Relessed virus appears in tissue culture fluids sbout the
game time ss in the celle. These workers showed that only & $o 10
viruses vere present within the cell at any given time out of & total
of 100 to 1,000 produced by tie cell. It would thus seem unlikely timt
eytopathic changes are brought about by the Accurmlation of virus
particles within the cell a8 would goesn t6 be the cage with bacterioce
phages. Eagle (1955) has shown that the ommission of an essential
vitamin, auino scid, growlh fastor or glucose frow the tiesue euliure
mediwe brings about cytoputhic effects. I is guite pusseible then
that the eytopathic effect of virus infaction msy sotually result f{rom
& deficiancy of an cssential sutrient brought about by virus maltie
plication,

When deeling with virus infected tissues of the bovine ve ses
the results of o process in which et lésst two elements can be dis-
tinguished, ﬁmtly we see the result ceused by the direet atteck of
the virus upon the cells and secondly we see the response of the animal

to the primexy cellular dumsge by ueans of en inflamastory resction,
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The bovine reacts to viral infectivm in & ousbey of ways. Infection
wey result in the proliferation of c¢ells, the degeneration and neorosis
of ceils or v combination of the iwo,.

Th‘a vizus of bovine cutsnecus pepillomatosis is the beat exaxple
of a bovine virug eliciting ar elwoat purely proliferutive response.
Infection with this vixus results in sessile or pedunculzted papillomes
vhich project above the surface of the skin ss esuliflowerelike zrowths.
Cheville and Ulsen {196%4) have shiown thut followins a morphologicslly
dormant phase, the first resction is that of fibroblestic prolifersiion.
Phis is followed by epidexwmel hyperplasis resulting in the formaticn of
& meture papilloma.

Zovine viruses eliciting both prolifersiion and neorotising
responses are represented by bovine papuler stomatitis, bovine epizootic
sbortion, bovine malignant cstarrhel i‘evai. lumpy skin diseuse, cow pox
and sporadic bovine encephalonyelitis. These sre listed in oxrder of &
doocressins pruliferative resyonse and inersasing necrotizing efi‘eg?.

The esrliest chz«xzses detected Listclogloslly in bovine pepuley
stomatitis (Uriesemer snd Gole, 1951) wers fecel hydropic degencraetion
und epitheliel hyperplasisn of the mucoza snd epiderszis. The kucose

wos thickenmsd in newvly all instunces zud ves offen twice normesld

thicknaess with long slendor rele peps. The foei of hydroptic degensration

are sboul 200-300 v in dismeteYr snd axe lovcetad in the siratun spinosun,
the nuclai are shrunken, distorted amd suwobimes fragmented. The

eytoploan apposss onpty except for a network of very fine fibrils and
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grsnules. As the diserwse progresees the foci of degenerstion move
cloger to the surface beosuse of the normel proliferation of besilsy
epitheliun. Flowright and Ferris (1959) deacrive the pressnce of
intreeytoplasnic inclusion todiss in the affected cells. These are
large gramlar bodies which zhow & more er less clesy differsntdation
intc an 1nnsr; paranuclear madrdx which is eosinophilic znd sn suter
urc or loop of more dusophilie materisl. The mueled show irregular
shrinkage and folding of the nuclesr membrane with mesyginction of
chronatin. 7The intercellolar bridzes dissppesr and vacuoles containing
nuclear debris sppesr between the oells. In the underlyinz lumina
propriz of the dermal pepillae there ig ospillary congesiion, & mild
inorease in histiocytes and infrequently infiltrstions of small rmwmbers
of lymphocytee. Bucteris were found only in the losions with die-
organized surface layers. In nearly halr‘the lesions, uvsgt often st
the msrgina of the snoetrils end in the rumen, reticulunm end omasum
there is infiltration of the degenerative focus by nesutrophils, Thisg,
aceording to Gredsemer and Cole (1551) is not assecisted with bassteria.
Gecasionally the besilar epitbelium was disrupted by migratizg neutro~
phils. Az the lesions progress meutrophils persist in the devenerntive
fool and in nearly hesled lesions mautrophils are present inm small
clusters in the gtratum corngum.

In bovine spimoctic abortion (Kennedy, Ulunder and Howarth, 1960)
the response i; & diffuse or fosal reticulosndothslial hyperplosis which
involves all orgons. The offects of the virus ave not entirely pro=
liferative and small nesretic fooi may develop. Irresuler erves of

naorosis are often noted about diluted centrel veins and sinugclds in

| SR




1E.

the liver ut a more specific gramnlomatous rerotion develeps in the
hepatic eapsule around the porisl triads and in the adventitia of the
cantral veins. This process varies from small foeci of proteinacsous
exudnte z;.ee-empaniad by neutrophil and macrophage infiltration to larger
areas of epitheloid cells surrcunded by fibrous tissue. In lymphetiis
tiseues euch ss the spleen, thymns and lymph nodes, there is Iyperplasin
of reticuloendothelisl elements, infiltration of neutrophile in the
simigoids snd the formetion of multinuocleated glent vells.

In bovine maligrent catarrhzl fever (Serkmen, Basmer, Forrill
and Longhem, 1960) the process in the stratified squamous epitheliws
bagins a8 & multiplicetion of cells in the siratum gexminativum
acgompsnied by sn inorease of fibroun connective tissue cells end en
infiltration of lymphocytes in the dernsl papillse., This produces
elubbing of the rete pesm. Incressed cellulsr activity is apparent
around blood veesels vhich are congested. Balleonirg cells with conw
densed agidophilic oyitoplasn wers found in the ventral areus of ike
rete pegs. The basel layer beccmes indistinct Que %o leass of miclewr
polarity by prolifereting owlls. Thickened kerutin leyers often maine
tain the externsl contimuisy of the tissua., In more severw lesions
lezge clumps of balleooning cells underzo reticulating celliiquation,
resulting in vesioular formution in the upper epithelium, These
vesiclos contein csilular debria, protelmucscus fluid end cocamaiunully
sbundent neutrophils. The lesion patiern is comsistent in all systeus
and consiste of proliferstion, necroszis aud infiltration. Proliferatian

of conpective tiussue, endothelilazl and epithelial cells is widely




19.

distributed in epithelial tissues and blood vessels. Infiltrstions
consisting of moncoytes, fibroblasts, lymphocytes, polymorphonuclear
lencocytgs and plasma eells zre generslized, affecting the lominse
proprise of meny structures ns well zs the periportel areas of the liver
zng bloed vessels., The necrosis which occurs particulaxly in the
squezous aplthelim may be attributed to the ballooning degeseration,
vegiculation and loss of epithelium which exposes the tissue to
secondary inveders, The involvezment of the vamculature in proliferative
and infiltrative processes which ebstruet the lumen or disrupt the
amhztgeture of the veszel wall affect the ciroulstion to thse tlsmes.
his latter process would eppear to ba most important in the abomssun
gnd intestine. The increcse in parivascular celluler elements would
glao aean to produce & pressure which may affect cells direstly and
shut off lymphetic and va.sca}.ar'channels..

Burdin (1959) describes the esrly chenges in lumpy skin disease
a2 a ballooninz degeneration of individual cells in the more basal
layers of the epideruis., This xesulte in swelling of the epidernis and
marked enlargement of the rete pegs. When severasl adjacent cells are
affected it gives the impression of a mulitilecular eyst but in no ine
stonce wags vesiculsr formation evident grosaly. Uther nonvacuoluted
oells sre zlsc swollen, more acidephilic thsan normal end the inter-
celluler sproes are indistinct or obliterated. Intrucelluler inclusion
bodies ave obé;awed in the early nodules. These sre usually round o
ovoid and very in size from ihet of « mucleclus to consifferedly larger

than thedir accoupanyin: racleus. Fost inclusion hodies tend to stedn
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bagophilie, The wajority of inclusien bodies are contained within
vacuoles. A larze proporxtion of muclel of oslls containing intyeoyto-
pleenie inclusions end & smaller mmbar of those without, show de-
generative changes snd erc gemerslly smeller than nommel. Hargination
of chromstin was the most striking feature, the mucleocli being visible
against the nublear membrane, In cells with advanced chenges the
maclear membrane is collapsed and the mucleus pyknotie, The dermol
papillee are merkedly cedematous and ayre infiltrated with monomuclear
cells, most of which ave in varying steges of neercbiosis. In some
anges the pressure of the exudste causes fdetackment of the overlying
epidesmis. ‘The stratum reticulere of the corium is less oedenstous
but infilirating monomuclesr oells sre present, espesislly sbout small
blood vessels. In the deepest parts of the cordum and in the suboutis
cellulay sccurmlations are most sbundant about larger vamiles and art-
ericles. These infiltvatione conmsist ohiefly of macrophages, swsll
and larze lymphooytes, fibroblasts and a fow plasma cells. Intracyioe
plaswic inclusion bodies are also noted in the infiltrating cells,
especially the macrophages and lymphogytes, Venwous thrombosis is alse
a purt of the patiern, probably accounting for much of the overlying
ostena. In the mature lesion or sitfust, areas of gosgulstion nserosis
pad cocuryed in the surfase layers. In the most sdvanced losions, a

wedge of necrotic tlssue.is present with ite base of the epidernis ond

extending down into the suboutis, Hassive sccuwmulations of infilirating

cells ore present about bleood veanels and fibroblastioc prolileraticn
is prominent,
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In cowpex (Jubb end Kennedy, 1963) the lesions are typiosl pocks,
baginning ag srall hyperasaio papities vhioh are trensfomed into vesioles,
and then pustules whioch rupture, dry up and goab, The vesicles ars '
gaall mﬁ mltiloculate so thet they do not protrude but instead the
gurface appears indented ee the margine are yaised by repid proliferation
of the epithelium st the edge., Cytoplasmic inclugion bodiea form in
the apithellsal cells., This is a vesiculating infection, the vesioles
resulting from epidewnal spongiosis with bullooning and reticular dew
generation. In the pustular stnge, the reticular neivork wundersoes
lysis so that the pustules are not umbilicate but instead awre flai ox
protrude.,

The microscopie findings in sporsdic bovine encephalomyelitis
(lionges, Harshfield and ¥enner, 1953) are these of a fibwincus serositis
invelving the peritonesl, pleural and pericardial B20G 82 well ags &
diffuse ané narked meninso-ancerhalomyeslitis. There is an acute and sube
asoute inflammetory exudate with orgenization of the exudste. Changes
obssyrved in the centrul nervous aystam consist of a diffuse inflawmatory
responss producing & nendngitis, encepbsaliids, wyelitis and vaszculitis.
Callnlay damage, narticularly to genglion cells in the brmin snd neurons
of the spinal cord is pronounced. The endothelium of the blood vosaels
shows proliferetive chenges, vessel walls belng infiltreted with monce
meleax cells but coossionslly polymorphomiclear cells predominats. Cone
sidering the diffuse vasculer dsmsge, it would appear that vasoulitis
wag primeyy and the neuronal damspe was seconfary. Hinute eolementary

bodies kave bsen found in moncrmuclesr and polynorphonuslear cells in toe

oxudates in the central nervous system and of the fibrinous servsitic.
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Bovine viruses producing an almost purely noorotizing effect on
the cell aze infecticus bovine rhinotzacheiils, injeszky's virus, mnbles,
foot and mouth, vesicular stomatitis, viras diarrhosa and rinderpest.

In infeolious bovine rhivotracheitis, the sslient eytological
festures ocour in the tmecss of the upver respiratory trast (Crandell,
Chestham and Mauyer, 195%), valve and vegine (Kendrick, Cillespie and
Hosntee, 1558), penis ard prepuce (Studdsrt, Barker and Savan, 1964},
the eye (Abinanti and Fluser, 1961), brain (French 1962) or foetus
(Uwen, Chow and Molello, 1964) depending upon the symérome presented.
Changes appear o ve similer in boih strstified sguanous aud pIeGAC~
piratified colummy epitholiel cells of tie upper respizatory tract. Tbe
cytoplusn of aifected cells wes pole and wveouolated. is ballooning
degeneration took place the oytoplusm beosme granuloar end the cell
lost ite outiine, HNuclear changes were noted in cells with eytoplasmic
alterstions. Snall, irregulay aggregates of psle, seidophilic materiad
were £irst noticed scatlercd aboul the muclesr chyomatin. As the
molear chrometin mgrginated the nueleolus sither disappesved or aén—
trocted and remeined s ra amall besophilic body ot the ruclear margin.
The moidophilic material tended to become more homogeneous and filled
the msjor portion of the nusleus. This maiterisl ther coniructed and
left a cloar halo surrcunding a distinet, seidophilic and often
irregular inclusivn body. Welleformed inclusion bodies wore not found
after 72 nours. wWhen the asbove-menticned changes resulted in disrupiion
of the surface an acate inflasmetory infiltratisn anf seccudsry bacterdel

infestion developed.




Changes in the genitel tracts of melen and females were guite
ginilar to thogse deseribed above for 4he upper respirstory tract with
the excepﬁion thzt an intense inflaanmatory resction took place befors
gny disruption of the contimuity of the tissue, This infiltration cone-
sisted largely of neutrophils spd lymphooytes and was focel in the
epithelium cnd diffuse in the subspithelisl tissue. The neutrophils
rapidly filled the area of deatmction while large runbers of lyaphce
cytes infiltreted the surrcunding connective tissue. In tke vulvs,
lesions tended to ocour over the lymphatic follicles und necrosis of
the connestive tissue over the follicle took pluce. Lymphocytes
acounulsted sround the folliele in such mumbers thet it was impossible
to recognize the nozxmally sherp boundary. Again inelusion bodies were
feuw in nunber after three duys.

In aborted foeti fool of coagulatieﬁ necrosis weres noted in the
liver and splesn. In the liver these foci vere distributed throughout
the lobules but were mors numerous in the central end paracentral areus.
In the spleen the lesions were almost entirely confined o the red pulp.
4 fev mecrotic fosi vere found in the kidney, In first trimester foetd
the necrotic foci did not sttract any inflammatory response while a
monormueleer cell response was elicited in third trimester sborted und
decd foati. In the letter foeti the infilirating cells were concenirated
in the portal triads, especially sbout the bile ducta. The predominating
cell appeaxea‘io be lymphooytic in nature but masrophages and plasmn
cells coourred in small numbers.

Encephalomyelitis was reported in calves {French, 1962) but

detailed histological studies ure not reported in the iiterature.
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the encephalitie of Aujessky's disease (Shehan, Knudson, Siebold
and Dale, 1947) is charscterised by moderste cuffing with lymphooytes
wnd oocasional eosinophils. UQhere is wlso an infiltration of the brain
snbataa#e in tke form of small fool. Keurons in the inflamed avess
show definite degensrative changes, cheracterized by the diseppearance
of the micleclus, margination of the nucleer chromatin and an accudue
lation of 2 pink or slate-coloured materdsl replacinyg the noxmal nucleer
stractures. These formations resemble the inclusion bodies reported
by otbers in other species of animgis.

In rabies (Jubd and Kenmady, 1963) the disesss precess ia usually
ch&r&oﬁarﬁz«d by & severe {ogal policencephnlowyelitis. There are perie
vasculer infiltrations in the Virchowe.Rebin spuces consisting solely of
lymphooytes, nuneyous xlial and gliow-mesenchymsl nodules (the latter
are raferred to es Bsbes' nodules), focal invesions by emoeboid glis of
neural ¢issue nesy affoectef vessels, and diffuse glisl proliferations.
Herve cells shov rejgressive changeas, wbich in the bovine, are often out
of propertion to the uxtent of the inflesmatory resotion. RFegri bodies,
the intresytoplesmic inslusion bodles of rabies are round or oval
structures ususlly about 2 to 8 u in dizseter and bave m visible ine
ternel siructure, an zeidephilic ustrix conteining o number of mimute
bluish gramles of 0.2 to 0.5 v in dismeter.

Foot and nouti diseese and vesicular stemetitis are referrsd 10
clinically as vesicular diseases. 'The patholeozical ohanges in oot and
mouts disease (Seibold, 1963) are quite similar to those of vesicular
atomatidis snd the chmnges seen in the latiter will only be dessribed

ners. Hibelin (1958) states that the first cytopothic effects ars dee
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teoted in the deeper layers of the strztum spirncsum. Simulisneously
there iv an incresped prominence of imtercellular spaces znd e stretching
of the intercelluler bridgsa accomplished by & concomitant reduction '
of the c;;.'tc:pl,eamic volune of affested eells, The Internal morphology

of the cells is not altered as the oytoplasmic volume decresases. The
hamopeneous Pinely sranuley sharacter of the cyboplasm persists, bud
oteasionnlly in the midat of spithelial celis showlsng esxly oyloplasmic
shrinkege 2 oell would be found wided had 2 bellouned, brightly eosino-
philic oytoplasa. The intercellular s{:aces begcone wider and the connetie
ing proceeses more extended until they finelly give way. A stute of
epitheiia.l pponziosis then exists which is rapidly followed by oytce
plasnic sontrestion about the rmoelel until enly & nerrov rim of cyto-
pless remains. The cells then reseuble lymphoblasts. At this tine,

the affected cells bave lost all sttechment amd are Floeting freely

in the enlarging vesisle surrounied only by a thin spongy reticulunm of
cytoplegnic remnants. The amount of fluid is gyomter than cen be
aggounted for by the fiuid component of degenersting orioplass and wust
be primarily sn inflammatory exudate. At no time ls swelling and oyto-
plasmioc droplet formuetion that charmcterimea hydropic change in epithellel
oells sesn in affested cells., U to this slege the rmuclous hes maine
teined itz intexrity snd no deteotsble changes are soen in fade of this
obvious oytopleanic disintesration, The nucleus then degins to cone
trmot with its rim of oytoplass to form a amell, gramlar, free-flonting
#ess which is dirffiocult to distinguish from the neutrephils which

gimultenecusly enter the ares, The fluid content of the vesicle increases
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ss does the rumber of neutrophils uantil & largs, fully developed vesicle
exists. The process generally involves the stretum germinativum and
exteuds up to the lower surizge of the stratum corneusl. edena of the
daxmis is'cammon and inflsmmstory changes such & hyperaexnis, osdams

and moderate nentrophil infiltyution ave visible in the musculature
immedistely bereath the dermis., The contents of the vesicle are never
grossly purwlent prior o rupture.

In virue disrrhoea (Csrlson, ¥ritchard aud ﬁsyze,'195?) where the
virus has an affindty for the apithelium of ithe digestive itract early
lesions likewise oveur in the stratusm spincsum. The cells have pykmotic
or fragmented suclei and nomogeneously pink-stained or vacuolaled cyio-
plasme fThe few infiltrating cells are polymorphonuclesr leucocytes.
Necrosis and sloughing ocour, leaving well defined crosions. In the
intestine, the reuction was that of acute oataerrbal emteritis, %he
glendular orypies were filled with muocus, neorotic desguamauted epithelial
cells and & variable nunber of leucocytes. The marked distentdon of
these glands resulis in pressure atrophy of the glandulor epitheliuvm and,
in gome cuses, its compléte destruction. lesions are copsistently
found in Peyer's psiches. Tiese legioneg vary froz complete disappoarance
of densely packed aggregztions of lymphovytes, leaving behind the
spongelike strome, to vexying degrees of necrosis of the lymphoid tissue.

In rinderpest, (Mauzer, Jones, Zeaterday and DeTray, 1953), the
first oytolosical chsnges are noted just above the ntratum germinativum
in the stratum aﬁinosum. “he cells in & small foous swell snd becoms
necrotic. This procuss eatends toward the mucosal surfuce defore it

spresds laterally. 4s a result of the pressure produced by the pwollen
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cells, small elevatiors appsar ebove the normsal eurface. When netrosis
hes progressed sufficiently ibese elevations slough, leaving a well-like
pit boun@ed by more or less normel cells. The extension of the neerotic‘
process to the musosal surfacs is by vesioulstion. The rinderpest vims
has & particular affinity for lymphoid tissue where it produces nreervsis.
The demtruction of lymphooytes is first evidenced by the fregmentation
of nuclei in ithe geruinel centres, This is followed by the disappecrmnce
of nmost of the muture lymphecytes. The destruction of lymphooytes ia
often aogompanied by an incresse in plésma cells, mscroshages and
oocasionally neutrophils. In sddition, Thiery {19%6) and Rhera (1738)
degoride multinucleated giant colls or synoytia containing eosinephilic
intracytcplssnis inclusiens in lymphoid tissuesz and in the stratum
spinosun of the stratified squamous epiihelia of tho upper mlimentery
tract. They slsc¢ observad intranuclear AAclusions.'

Fhe foregoing descriptions of the reagtion of the bovins to in-
fection with vardoue virsl sgents is in no way a complete coverage of the
subject. It is however en eftenmpt to axrange viruses sffecting the bovine
in an order soumencim: with those that elicit en alzost purely pro-
liferntive recponse through those which brimg about both proliferation
and necrosis to ilose that couse pure necrosis. Culy those conditlons
for whick a definite viral eticlogy has been established and for which

sdequate deseriptions were availeble ere included.

BOVINE VIRAL MaSPI?IS

fefersnces concerning 2 viral etiology for bovine mastitls are not

mmercus. Yaatitis may oscur a3 a symptou of & systemic virus dinesse.
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Eutyra, larek and Ezaminger (1946) deseribe a caturrh of the lactiferous
duets following the eruption of vesicles on the testa in foot and mouth
diseases In cnses where this hnppens milk is reduced in quantity, has
a colostrumelike consisieney, yellowish oolour, rsneid teste, soid ree
sction and a tendenoy to olot. They alse stats that it may conmianin
stresks of blood apd 1s diffioult to mske intc butter ard cheese.

e seme authors ateté that perecchymatous inflammetion of the
udder may follow the formation of fissures on the gkin of the udder in
malignant caterrhal fever. Deckman, harmer, Morrill end Langhem (1960)
desoribe toth proliYerative and inflamaatory chamzes in the udders of
both lectating and dry cows in malighant caturrhal fever. Undothelial
cells of the small capillaries in the interstitizl itiasue were enlarged,
rounded amd hyperplsstic. ZIlood vessels werd markedly congested. They

degeribe losa of nuclear polsrity end a piling up of pleomorphic alvsolur

celis in a manner which cuused them to dlend with the activated endothelinl

gells in the interstitium, 7The lunina of the glunds were sonetimes
obliterated wiih masses of proliferated cells. Nonoeytes, lymphocyles
sod gome plasas cells ond eosinophils were present im the lamina propria
which in scile arexs was poorly demarested from the epithelium, Hypor-
plasis wes noted in znd aboutl bloed vessels and on occeasion blood veasels
were occludaed by masses of hyperplastic erdothelial cslls which projecied
jato tue lumen., Perivescular cuffe of sdventitisl cells, iymphooytes

axnd oce&sionalﬁmeﬂocytsa. eosinophils, plosms cells ard polymorphoruclear
leucocytes were present. PFlbrinoid degererntion and sccuwntlations of

prolifercting oells were observed in the media.
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Helutt (1956) states that tke virug of vesioular stomatitis (V3V)
ocan produce a primory magiitis ond is especielly opt to enter the zammary
gland if o vegiele is located near the teat orifice. The affected gland
bocomes firm ard hot md is subjeot to secondary imfection. Milk pro-
duction is reduced as the alfeoted glends become fidbrotie, Other ine
vestigators (Heiny, 1945, Bramdly, Hansen and Chow, 1951, 3trozsi and
Remos-5a00, 1953) report teat lesions and asacciated mastitis ocour in
vesicular stonatitis, Thoze authors however considered the mnstilis to
be vf secondary bacteriazl owigim, Easterday, Hunsen and Simon (195%)
inmoculsted ihe msapary glunds of eight cows, five lactuting sud three
ponlastating, with VSV wis the atresk esnsl, The meumery glands of thoese
animels were free of Sireptooccccus sgalactian and cosguloge-posgitive
stephylococel and the blood serus hed no gignilicent ViV nqutralizsiw
ability prior to inoculation with V8V, A pre-inoculation milk sumple
vwag capable of neutralizing up to 5,000 embryo I.Ds 50 of ViV, o
abnormalities wero obsorved or palpated in any of these cowss Ihoe vima
wag recovered Lrom incculated quarters ab 24 hours but not at 45 hours after
inoculation. Attempts to demenstrate o virsenia feiled. Leusoosyte oounts
in the wilk from the inoculeted snimals werw similer to those in the
aontrol animals, VUsing aimilar techniques the same workars produced
uddar cwelling as well s inoreaged leuceoyiic ccunis in milk with the
viruses of Hewcastle disesse end vacoinia. o histolegical examinstions
were cenducted ih gennection with these studies. The interesting fact
in thie study was that normei milu spperently bed sn lusctiveting effect

on ¥Y5V.
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Poterson, Hestings and Badley (1934) postulated = virel etiology
for what tney temmed none-specific mastitis. This condition was chaliCe
terized histologdcally by an gppavent ayporplasiz of ihe epithelial cells
of the &1%@011. The aubhors were not sure whether tiis inerense was
apparent ox resl, whether 1t was due to asciucl cell multiplicantion or
vhether it was due to the contraction of the wlveoli resuvlting irn piling
up and distortion of the cells. The interstitiul tissue became highly
celluleyr. These reactions vere accoapenied by & lymphocytic infiltration
which varied in intemsity fror slizht to severe. They noted eocsincphils
on occasion but polymorphonuclesr laucecyies ware almost completely
absent.‘ A viral eticlogy vwas not established in these idiopathic cuses.

broadhurst, Cemgron and Yackean (1939) suggest that the scceptunce
of a bacterial etiolosy in mustitis may heve hindered the search for
othexr etiological spents, Those cuthors cladm to have isolatéd ¢ fillore
able virus {roz mastitic cows &nd tested their hypothesis vy two proe
cedures; (1), & careful snd meticulous microscopic study of the cells
presant in fresh westlitis milk, seasroking specilicelly for inclusion
bodieay sxnd (ii), tigsue culiure incculsbions with filtrutes of the tlood
and the milk of magtitic cows., Chey found inclusion bodies in cells of
the muatitic cows, in ineir tissue cultures and in tissues of nice ine
jected with the filterable agesnt. From the illusirsiions presented the
inclusion bodies would appesr to be epproximabely 1.0 u in size und one
can see numerous perticles of approximutely ihe sume glae and deusity
extrsoellulerily in the same preprrotions. Tuese workers used & Jena
sless filter with an average pore diwmeler of 0.85 u wiieh is lurye enough
to allov the yassage of Mycoplesus awd thelr experizents do not preclude

the presence ol these ninute bacteria.
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fecent work by Hale, iHelwboldt, Plastridge and stula (1962) has
shown thot & epecies of Hyooplosms which they teniatively nane [iyeo-

plesme agsluectise var. povis wes responsible for a severa outbrask of

zaatitis in & dairy herd. These orpenisms were less than 0.5 u in diue
meter and would aluost certainly have pussed through the filters used
by Broadhurst et al {(1935). The nistological plature of the mycoplasma

mastitin of Hale ed al (1962) was churacterized by soute to chrunie

purulent mastitis terminsting in a gramilomatous fommztion ccrsidered
pathognomonic. Stuart, bavidson, Slavin, kdgson and Howell (1963) report
very similer findings except their Mycoplasma would not paas a 0.5 u
g;raxiacai menbrane and they make no mention of & yramlomstous tissue
reaction.

Carter and Greiz (1963) describe the reesovery of diphthercids from
l~type orzanisus contaninating warious oell line tissue culiures. They
noted the presence of invlusion bodles in the tissue culitures and cone
sidered thein zs colonies or groups of the orgunisme It therefore seens

posgible that Broadbursi st al (193%) could hzve been decling with u Kycow

vlague or l-type organism ruiher than & viral sgent.

#itohell, Wulker and Bomnister (1953 &, b, 1554, 1956) shoewed that
the virus of liswcasila disesse, influenss A (FES) and on unkoown "duck
virus" would propusate in the lacteting boviee end ceprine meumary sland.
Mitongll, Horland and Walker (1953) showed that the mumps virus would
propezete in this luctoting bovine mammnyy gland, These experinents were
desizned to study the propegation of virus =8 well s the sppesrance wd
digappenrance of zntibody in the milk and serus of tke incoulated wninels.
He mention was mrde of any olinicel or pathologlesl veosponse obgerved in

tie inccaloted aninals.
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dennister, Doulanger und Hice (1Y%9) feuvnd thet the introduction of
the virus of enzootic abortion of ewes (EAZ), = member of the psittacosis-
lymphoyramlone group, into the lactating bovine manmery gland yroduced
wparked prosg alierztion in the milk {or & porded of eizht doys. They
ware able to establisk thet the virus propagsted within the glund.

katumoto, Omori, Merimoto, Horsde, Iasbe zug Iskii (1955) preduced o

severe mastitls by the inoculation of their Lovine PeL virus, o psittacosise

lynphogranuloms grovp virus, directly inte the masuary plaad of the cow,
with the exception of the work of Easterday ot 21 {1559) no attempt
was nade Ly workers experimentally introducin: viral sgenis inte the
mamrery glong to gbiein andmels free of bucterizl wastitls, und theree
fore their resulifs mey or may not have been allected by tie presence of
a bacterial infeotion in the matwssry glend. With the excepticn of bovine
naliznent catsrrhal fever noe histclogical sﬁudies of the bovine aumnmary
#land huave been reported durin: the course of known virsml infections,
(ne worker (Dustnell, 19%2) was unable to deuonstrote the prusenze ol a
virzl agent in milk fronm cows with fypical elimicel mestitls by the ine
aculxbion of 10 to 12 day chicken embryos on ibe chorioullantoic mewmbrane,
There would appear to be only one convincin: resoxt of an authentie
viresl nestidis in the literzture. Longer snd Fesuntee (1961) iscluted a
virvs ($6%) from &1l four guorters of & cow with ez souile bacteriweiree
cezse of mastitis. This ggent apparently belonged to Lhwe nymovirus group
being chorncterized by its sensitivity to eiber and chloroferm, coupurzble
size, haewmsdscryiion of erythrocytes, gprowth dn the embryoenszting chicken
egi, presence of & heut labile iwnibitor in nermal serun, and stubllity

at =65%0 wnd less stuble et higher temperutures. The virus wien isoculabed
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into ihe udders of cows reproduced the elindcal pieture present in the

anidmal fron wideh it wos igscleted. Ho histologlenl studies were reportad.
BATERIALS AND HSTHGDS

VIRUSES

{a) Lapinized. Rinderpest Viruse “his vimus was obtained ihreugh the

courtesy of Ur. G.l. dunnister, Animal Disesses Resescrch Institute,
tull, Luebec, ihe virus materisl consisted of frozen r2bbit spleen
R668, This rabblt had been incculnted inirmverously with one ml.
of yebbit sploen #31., The second vost-inoculstion duy the tenperae
fuze rose to 107.0° at which time the spleen was ssmrvested. The
virus is 2 subepassage from & rabbit adapted Jepanese strein
{Maksrmirs I1I) of rinderpest virus received from Daubney froz stock
on hand in Cairo, fxypt (Youlanger, 1957). Thds sirain bas under-
gone eight rabbit passages since 19584 Ir addition to rzbbit
spleon R666 lapinized rinderpest rebbit spleens K200, 716, 717, 7Y,
720, 722 and 796 were obtained for use as challenze matsriul éné
additicnel viral studies.

(v) Influenze & Virus (PHB), ‘e PHO slredn of influenzs & was obledned

throusn the courtesy of Ur. ¥WFe supler, Virus laborutory, Laborstoxry
of Fyciene, Departwernt of Zublicnal Zewnlth and welfare, Uttawa. No
history wes available with ihis virus, Uhe freese dried naterial
vas recongiituted and pussaged in eubryonated oggs.e The harvested
egf fluids with o haemsgpzlutination (HA) titre of 1640 were euployed

in these studies.
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e 2gtiong ¥ e il Tacha Virag BRis The girain o 1ig
(} Infecti Bovine rhinotracheitis Vi __(If) T i T thi

virus used was originally iscloted from a naturally cocurring oute
brask of coitul exantheme and wes passaged throush cows before

beins exmployed in laboratory studies. The virus wes obisined through:
the kindness of Dr. A.S5. Greds, (Creiz, fannister, Nitokell and
Barker, 1958), Animal bDiscase Researes Institute, Hull, quebec,

Phe virus material consisted of tissue culiure {luids from the 20tn
possege of bovine esbryo kidney cortex witii & titre of 10'6 YOI 506

(d) &nzootic sbortion in pwes Vixus (iafi)e. The ctrsin of HaX virus

euployed wus oricinully isclated by Dr. J.P. Stump (Stoup, welt ol
Qockburn, 1952), Foxedun Imatitute, Sdinbursh, Scotland and cume
to this laborztory in 1957 as the 22nd eps passage. Since that
time the virus has been paassged in the yolk sue of embryonsied

egrs end was reoclived us o yolk sse suspension fron the 13tk passage.
EXPERTMERLAL ANTNALS

£11 cettle used in these axperiments were {irst czlf heifers which
hed freshened gix to bwelve weeks prior to use. Caiile of both beef ond
duiry breeds wers employed., All znimcls wero tested gserclejically for

the presence of sniibodies sguwinet Lepioupirs pomons ond drugells sberius

and found negative. The sore of animals used in the influenza A& FRY
experizent exhidited no ishibition in u heesegylutinciion intdbitisa (HI)
test snd sern f’ro_ aninals vsed in the IBH exgeriment conisiped no 1ow-~
trolizing mtibod‘v titre in a soerur vims neutrzlivation test conducted

ir tisoue cultuve. Hers frou animcls used in the 248 experinent showed

no resction in e complement-fizetion test using bba antigen.
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The milk frow each guarter of euch animsl used wes exemined
beotoriologically at lemst twice and found free of bucteria. Phe udders
ot all snimsls were exenined olinicelly and fournd free of ony abnore
mality,. |

kabbits used in the lapinized rinderpest experiment were young
sale white radbits fro: tha colony of the animsl Disenses Heseorch

Irgtituse,

AXPEUIFINT AL PRUCEDURES

xperiment I. Llepinised rindersest virus.

The three heifers selected for use in‘ﬁhié experinent wvere do-
siprsied s A, B end C. Daily wilk producticn and temversture records
for Lhege snimcls vers hept for five days priocr to sbipment to Crosse
lle dxperimental Stutive (GISS) whera the experiment was conducted,
Ugon arrival «t GIsd the unimuls were placed in isolaticn cubieles wad
given two days to adjust to their new quurters. rie Lo the isolation
conditions the snimels were deprived of hay durih& tlie course of tn;'
experinent,

Two sclutions were prepgored. Jolution @ (nurmal) ves prepared &
& control isceulum by grinding tue splesn of an appareatly normel rabuit
in & Tembroox grinder in 10 =1, of norasl eyy Iiuid and 5.0 mi. of
penicillin, strentomycin spluticn. The normal egs {luid consisted of

fluids tarvested .from normsl ften day old embryoncted egps. “he penicillin,
streptouyein solution contzined 250,000 IV of penicillin G procaine ond
0.5 zmse of streptomycin in physiclogical ssuline golation, oclution LI
(lapinized rindezpest) was prepared in o similur nenser with the eox-

ception that lupiniwed rinderpest rmbbit spleon HO63 was usele
& * &

P
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The experiment was commenced wt on evenlrny milking when ell udders
were washed with werm EIElS diginfectent anéd esch teat wes swabbed with
70 per cent sleoohol exd sllowed to dry, ireinoculetion milk samples of
approxizately 30 ul, were collecied ir sterile tubes from each quarter,
The cows were then milked out, Haeh tent was ezsin swebbed with 70
pey cent ﬁlcohoi. Uning ¢ ayringe end udider infusicn cnmule 2.0 m1,.
of solution § wus infused intc the tewt cisterms of the left queriers
of eash snimal., In & similer merner the richt quarters were irvculsted
with 2.0 ml. of solution LE, 4ill quartefs were tien acsssiede Following
infusiocr daily production and temperature rocords were mointuined.

Morning and evening milking was sarvied cute Frior te the evening milking,
gemples of approxizately 30 ml. were collected in gterile tubes ami placed

iavedistely in dry ice and frozen.

Animel C was killed after three dueys, andwmel I alter six duys and

W

nimal A nfter nine cdays. Iluwediately after ueath both fronit quarters
wers renoved, lebeled wnd placed on 4y icee [he rear gquarters were
infused via the teet canal with 200 ml. of 10 jer cont foimelin in
physiologicel saline and mssssged. The entire gquarters were then placved
in a five gellon cen of 10 per cent formulin soluiion., s11 tissuss and
nilk saaples cullected on dry ice vere meintained in the frozen state by

daily additions of dry dce until they rescred tke anigel liseases Leseuxch

. . - 4 - ‘ ,.0
Institute woere they were stored in 2 deep freeze ul =35 O,

Toin slices wvere cut through the entire fixed guorters =g indiczted
(Figs. 5)e Seciion & was iaken zs representin; tihe upper thirxd, section &

as representing the wniddle third and seclion € es tle lower third. Jection

o consists of & slice token throusk the sland cistern mnd the conplete teat,
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Bach slice was pluced con a piece of paper and = trscing of fthe outline was
nade.s &g the slice was cut into blocks they were marked on the tracing
and nmunbered. histologlcal gections were cut et four o five wicrons and
stained wiﬁh hzematoxylin and eusin. The letter desisnating the animal
wao used te¢ prefix the section number. Fracings uwil ths right rear qusriers
of =1l aniuuls examined kistologicslly syxe to ve found in Appendix 1.
sEperisent Ih.

An sbteumpt wus muds to show thet ihe lapinized rinderpest virus

infused into the mammary glemds in wiperiment I had propsgated there. fThe

P2

-

milik ¢olligeted irom the right rewr quarter of cow 4 was used in this
exporitent. For eaech ml. of preincoulation milk = 0,3 ml. ascunt of &
penicillin-gtreptonyein nixture conteaining 7,500 IV of pemleillin G
proceine and 13 ag. of streptomycin wes added. - Two rabbiis were injected
intravencusly with 1.0 ml, of the sbove mixture. ihis same procedure
was employed using tke nine daily milk semples colliected rom the sume
cow il sare guarter. Two rabbita were kept we sn uninoculated conirol
group. After inovculsilvn the rsbhiits ware neld in individusl hozrsinll
unlts end deily tempersiure records were mainiained. oightesn days
following inoculation alldl eurviving roabbite were challenged with lepe
inized rinderpest virus. One wl. 9i an approximately 10 per cent ause
pensicn of rabbiv epleen 8200 in piysiclugisul seline golutdon wes
adidiciglered intravenvusly. oe wl, of zo eavibioble solution conbulsdng
penicillin ¢ procsine snd 50 mg. of streptomycin was added
to euci. 30 ml., of incculem, Jeuperniures were recourded daily. &1l
snivads were killes on the fourth pogt-challenge cuy and portiong of
apleen, lympk node esnd intestinal trect were colleeted in 10 per ceut

foruniin in physiolegical szline for Listoloodesl esasnineticlis
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Experiment IR,

Tris experimeni was desiznsd to determine if the virus of lupinized
rinderpest was inkibited by some factor present in fresh milk or by
the fmesin;;g in fresh milk. To 100 ml. of freshly drawn cowtz milk 1D ml,.
of antidbiotic sclution containing %0,000 IU of penieillin & procaine and
0.1 gm. of streptomycin per ml., was sdded. Lapiniged rinderpest xabbit
apleens B722 and R7%6 wers removed from stern. e ai -3500, minced with
scissors and mixed. 4 ome gm, wseunt wes ground ik a glass tissue grinfer
with 9.0 ml. of the above mentiomed ailk aixture to give & 10‘1 dailution
and further dilutions were mude to 10’8. Another 0.5 gm. of splenic
tissue wae ground in a glasz tisgus grinder with 4.5 ml., of physiological
axline to give a 10‘1 diluiion of virus in saline. Amountes of sach
dilution of the virus materisl in milk together witn amounis of the milk
aixture end virus in selime dilutiom were frozen and stored at -3500.

Ten groups of two rabbits each were prepared. (ne group of rabbits
was incculated with euch of the followings fresh virus in milk et dilue
$ioms of 107 to 107 inclusive, milk mixture and virus in saline. #ach
rabbit received 1.0 nl. introcvencusly. =2ach group of rabbits wes held in
an individual liorsiall unit snd duily tesmpersture reccxis were maintsined.
A1l animals living after 19 duys were chullenged with 1.0 ml. intra-
venously of z 10 per cent suspension of lapinized rinderpest virus {rabbit
spleens R716 and R717) in physiclogiecal saling.

A gecond series of rabbits similar tc that wentioned sbove wag pre-
pered and trected similsrily with the milk mixture, virue in saline mixe
ture snd the vericus vitus in milk dilutions ufier wstorage of the nate-

Ticls &b -350'3 for 27 Gays. uuily temperatures were recorded and animale
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dying were necropsied., All rabbits living after 20 days were challenged
intravensusly with 1.0 ml. of 10 por cent suspension of lapinized rindsr-
pest virus (rabuits R71Y and §720) in seline. The sxperimont wis term-
inated fcui days later.

sxperiment IXI, Influenza 4 Virvs YRS,

Yuree heifers, desigpeted D, E and Fy were selected and prepared
a8 4in experiment I. Prior te ceoumencement of the experiment preinnou-
lation semples of milk were collected in sterile tmber from each grarter
of euvoh enimsl. after milking the ocows out 2,0 ml. waounts of normal
embryonating egg flulds with antibiotic sclution (cdniler to that used in
experiment 1) udded wes used to infuse ithe left quarters of eack gnimale
The right quarters of cack animal received 2,0 ml. awounts of influensza
A PRB infected egs filulds. baily temperature and production records were
meinteined., Horming and evenin: milkings were cerried out with daily
sampling being done prior to the evening milking. ‘i‘nese sumples wera
frozen end helé wt -3500. Cow D wes killed three daye after inoculgiion
and Cow B eix dsys efter inoculation. Hissues were haxvested as in
experiment l. Tue ccllected milk semples were ithawed and the whey sep-
arated by edding e drop of rennet und incubating ut 3708 for one Lour,

A tests were conducted using tho vhey of & numbaer of the collected
aamples.

Serum frow Cow F owes: tested for EI titre. Dairty-four duys follow-
ing initial expuéure woth left gquarters of covw P were insculated with
2.0 ml. of virug infected ozg flulds and 2.0 ml. of & 72 hour broth sul-
ture of a cosgulzse positive stephylococcus. HA tests vere conducted on

o runber of whey seanples collected fror the left quarters of this animal,.

A
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M spdditionnl three heifers desmignated E, L and ¥, were prepared
and the experizent repested zs described above with the identical
materiels.

sxperisent 111, Infecticus Sovine Bhinotrecheitis Virus (IBR).

Thres heifers, G, H end J, wore gelected ond prepured as in the
previous experiments, Cows G, H end J were inoculated in both left
quarters with 2,0 ml. of uninoculated tigsue culture f{luids from eul-
tures of bovine exbryo kidney cortex. The right quorters were incou-
lated with 2,0 ml., of tissue culture fluids frcm the 20tk ressege of

BX virus om Lovine embryo kidney cortex with e titre of 10"6 T¢I 50,.
peily production and tempersture records wers maintulned. 4s in pre-
vious experiments morning and evening milking were carried out with the
eniire mornings nmilk being dismecarded and en syproximately 30 ml. sanmple
vag aollected in & sterile tub: prior to the-evening rilking, Thege
gamples wers frozen in & deep freeze and stored at -3503; fow G was
kiiled after three deys, Cow 6 after six deys ond Cow J after nine éqya.
Mesuss ware collecied and»prepared ag In experiment Y. In oaddition te
naemctoxylin und oosin, scme sections were stuined by the Faulgen
technigue.

The collscted wilk sawples wore thaved und seeded in tissue cul-
tures of bovine embryo kidney cortex in a dilution of lO'l. If 8 oytoe
pathic effect was noted at this dilution the sample was titrated, Two
tubes wore inocuiated witn each dilutiom, The growth medium conitzined
e mixture of Hunk's bslunced salt solutiony luctalbumin nydrolysate
(ensyautic) (0.5%), protecse peptone Jo. 3 {Difoc) (0.1%5), cyeteine HC1

(0,001%) and calf serum (10%). & meintenance mediunm wus used which
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consisted of hank's (bused) Fedium 19% supplemented with 0.5% lectnlbumin
bydrolysate (enzymatic) and 1,04 sodiwa bicurbonate.

ixpariment IV, Enzootic dbortion in fwes Virus (24Kj.

Three firet oulf heifers, P, 4 and I, were prepared s in the pre-
vious experiments, Following the colleciion of preinsculstion milk
semples the leit -quarters of eseh onimsl were inoculsted with 2.0 ml. of
a 30lk sae suspension prepared from nexmal nine ¢ny old exbryonated egus
ag & medium control. Lhe right quarfers of escn animel recelved 2.0 al.
of yolk suc suspsnaion prepared [rom eggs inoculuted with Hak virus in
the yolk suc amd sllowed to die, Fo cntibictic scluitlons were added.
rorning and eveuing milkings wexe carried out st in previous experisents
witk duplicete daily milk saasples beiny colleoted in alerile tubes prior
to the eveaing nilking. wie scaple wes wused 1o prepure smeurs which
were stained by Hachiavello's itechndigue and examined wlcorescopicully. The
other asople wus collected for virus isciatiom. ‘Fhe sisples for virus
isclaticn of tvhe {irst three days were {rouzen end neld st -350‘3. wheroas
those collected in the succeeding duys wore inoculsted directly into the
yolk suc of eisbt day old embryonsting esgs. Upon the deullh of the embryo
impression smecrs wers preparsd [zom the yolk sac, siained socording to
inchisvello's technique and oxaemined micrescopleslly. The frozen zilk
semples were thawed end inoculated lntc ewbryonating e B us previcusly
described. Virus leolstion in embryonuling egge wos attenpted fron milk
samples of the lef't end right rour quarters of &ll mnimels for ench
day of ine experiment. 2sily tesperniure and protuction resccrds werw

paintzined. Oow F was killed sfter three deys, Cow ¢ after six duys umd
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Sow ¥ after nine duys. Tissues were hurvested sa in pravicus exXperiments.
Fareffin sections Irom &1l vlooks wers sitaised with nemstoxylin end eosin
und additional secticns from selected bloaks wers stained with (lemas,

eulyen end Machiavello's staina.

OBSERVATIONS AND RESULTS

Experiment I, lLaginised iindersest Virus,

—

Tuble I siows the daily milk pruduction ene temperzture of the cows
A, B ami ¢ for {ive duys prior to their being skipped tc Grosse Ile
xperinental Stotion.

Throughout the course of the experiment the animals remsined ¢lin-
iczlly normel as did the physical qualities of the milk. The temperature
regulator iz the cubicle housinmg cow C went out of control and the rocm
tenpereiure rose to 95° on the aftervnoor of the third day, Milk yield for
this wnimal in the evenin: milking was only 230 ml. ws compored to 1300 mi.
for the previcus evenings' milking, Temperstures wnd milk production of
cows 4, 5 and § during the course of the experimant sre rocorded in feble
il. It wobld appesr that the inoculetion of lapinized rinderpest virus
intc the laotating bovine udder produced little or nc clinical etfect,

4 total of %0 histological sections were exaemined representlry all
levels of laft und righi rear quariers of sil animals. lio lesions con-
sidered of patihclogiosl significsnce wers noted.

wxporinent Id.

For the most part temserstures rempined within the normel range of
1061.5 to 104.2 (Dukes 1955). Difficulty wss experienced in that rectal

perforsticn cveurred in 2 number of rabblts dus to curelesy nandling on

S .
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Table I

¥ilk productiozn in ml, and temperstures of Cowse, 4 T and ©

for flve days prior to ghipuenti t0 G.l.ked.

Duy 1
¥rod. Temp. Prod.
Cow 4 7300 1¢2.,2 7100
Cow B B600 102,7 BLOO
Cow ¢ 3400 101.8 3460

e =~ & W e W

Kilk production in ml. temperutures of Cows 4, B end €
during the course of the experiment,

Cow A
Prod. Tenpe
5750 102.0
3100% 10248
8700 10241
&350 102.4
7700 102.0
8730 102.2
&350 101,86
8150 - 1024
86226 102.3

3
Tompe Yrod. Tempe.
101.9 7500 102.2
102,2 8300 102.6
101.6 3400 101.8
Tahle IX

*aou kicked and milk lost

4

Prod. Tamp.
7150 102,0
8250 102.2

3350 102.6

Proc,

6800
7500

3100

Prod.

2700

3600

2280

101.8

101.8
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the pert of the auttendent. 4z & result gome rubbits died of peritonitis,.
Followin; challenge there was a rise in tempersiure wiich ususlly reached
its peak'in twe daye sud then dropped. Fost morten exawinations were
conducted on ¢ll enimels dying follewiny chelleage with the live virus
or wrich were killed on the fcurth pori-chullenge day, Lesicns similer
1o those 5oteﬁiby Fukugho snd Ezkemurs (1540) were noted in «ll enimals,
These chanies were charmeterized by markedly swollen leyer's patehes in
the emell intestine and cascum. Aress of necrosis were evident and vers
visible from ihe serossl side us numezﬂﬁs groyishewhite pin point foci.
When these urens wers expressed preylshewhite pus-like material wes ex-
pelled into tke lumen of the gut. In the odd rabbit the cascum was filled
with thick mucus. 4She mesenteric lymph nodes wvere markedly swellen in a
mber of coses and greyishewhite focl of necrosis were visible. Eisto-
logical wxsuinption revenrled murked necrvsia of iyuphocytes of the lymph
nodes uné Feyer's patches. ihis recropis wes charscterized by pyknosis
ane koeryorrhexis (Figse 6 & 7).

wxperinent IR

The milk mixture {fresh milk plus antibdotic solution) nlone hed
little cffect when injected intruvenously and the rabbits responded
in 2 Yypicsl mennor with o fempersture response when ehnlleunged 12 duys
luter, e virus in saline mixture ce well as titrstions of the virus in
pilk to :LO"'8 vroduced o typical tewpersiure response in all cases und

desth in three inetences. ALl survivimg animals were challenyed wewd

showed no tempersture response indicating thot they wers lmmune to challen;e.

indmels inoculsted with milk mixture which hed bYeen held {rozen

for 27 cuys Tecpoended sinilerly io ibose which were inceuludes with fresh
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milis mizture, Habbits inoculated with virus in saline mixture and the
various titrations of virus in milk whioh was held frozen for 27 days
in genersl responded in a similer manner te those which wewre inceulated
with the unfrozen ansterial. The uninoculuted control andmsel and the
two sninsls inoculated with milk mizbture guve typleal tempersture res-
DONSas when ch;llenged, whersas those surviving inooulsticn of virus

in seline snd virus in milk withstcod challenge,

Sxperizent Il. Influenzs 4 Virus Flib.
himemeazglutination titres above 1310 were nol obitained in the whey
sanples collected frow cowe D, ¥ end F indicating that vimus pro-
pugaticn had not teken place. In addition the serum sample fros oow P
siowed no HI four weeks after inoculsatlon. Whey smuples preparsd from
cow P following inoculution of virus and staphylococcus showed no
significant Ea titre but sbunormel milk was present for seversl deys.
Heemngrlutination wae rnol deuonstruted when the experimont wus
repested in cows K, L and i and efforts to propagate this vims in
the lactuting bovige maumazy pland were abandoned.

fxperiment JIl, Iufectious %ovine Ahinotracheitis Virus (Ivm),

Table I11 i1llustrates the daily tempersture und milk produciion of
sows G, Y and J for the two deys lewmecizitely preceeding the incculoe
tion of virus and throuzhout the ccurse ¢f ihe expsrinent. A few amall
fibrin clots were noted in the evening milk on the third posteinocu-
lation duy. Tﬁe right quarters of w«ll cows wers tender wmnd ithey tended
to kiex while being milked. 31light suboutanecus osedems wes noted when
skinndng the right quarters of cow @ and the lymphatics ware prominent,

being dlstended with lyuphk. On the fourth post-incouletion day the

s
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Table Y11

¥ilk produotion in ml. and tomperctures of cows ¢, M and
J for two days prior to inoculution and throuzhe
out the course of ihe experiment.

Cow € Gow I Cow
Prod. Tempe. Prod, Temp. Prod,
11,500 102.4 12,700 102,08 13,000
13,700 101.6 12,960 102.2 12,500
13,800 101.4 12,800 101.4 13, 200
10,800 106.0 11,600 104.0 16, 500
10,600  105.2 11,100 106.6 10,000

10, 500 106.8 e 300
10,000 163.6 35300
9,500 105.2 8, 300
75250
8, 000
8, 700

J

lempe
101.6
10,2
101,8
102.4
10544
106.0
103.6
10540
}01.#
102,66

101.6
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right quarters of cows & and J were somewhuat hot snd awoller and

difficulty was experienced in milking, Both cows ate well despite
f thalr high tesperatures. Um the follewiny day the right quarters were
definiteiy hot, red and swellen., Cow J wes more sevarely affected.
dmall white clots were vresent im the milk but in bulk the nmilk
appesered relatively normal, The sixth posteinceulution dey the right
guuriers romzined het, red und swollen, Cow J eppecred dull, with
drooping eers wnd refused to eest. Cow I was killed and subsutaneous
owdema one quurter to cme kalf incn in thivkness wog noted in the
pengent jortions of the right gquurters und morked vedema was noted in
the subcubunecus tissues antericr to ihe right front quarter. Un the
seventh sosteincculstica day cow J was still dull wnd ate very little.
The uffected quurters were siill hot, red and swollen and extrexely
tender to the touch. Cow J showed mucl improvement cn the eighth poste
irocuistion dsy, affected querters vere not as swollen or tander. The
nintk posteinoculztion dey the swelling cf the quarters continued.to
subside, the redness had disappesred and she allowed wilking without
kicking. Her appotite was zood. Subcutaneous cedems vhile present
over ihe right quarters was not uzs severe as in cow U,

Teble IV illustrstes the titrstions ot wiich eytopethogenic effacts
were obizined whon the milk samples collected from cows G, U and J were
geedad on tissue cultures of bovine embryonic kidney. Uninoculated

tissue calture 0f bovine embryunic kidney is illustrsted in Fig. 8

while the cytoputhic eifecte of IBE virus are illustrzted in Pilie Je
Tre cytepathic eifscts wers churacterized by a prudusl shrinkege of the

cytornlaar, pyknosis, koryorrioexis crd lysise

5ot




Ttretion of milk ssiples collected frou cows G, H and J during

Cow G

Cow E

Cow J

50

Table IV

the course of the experiment.

Day

preinpculetion
‘ 1

2

3
preinoculetion

1

SN & W n

prainoculation

FoR T I L

w ~N SNwW

w

WOW W W e

s

2

uartexr
R}

o SO

(13

b8

LF

LR

#oures represent ine log-10 dilution ut which Cytom
pathogenic eifect wus 54111 noteds
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Way-Crunwald-Giensa, £ 180,

Fige 9e Inoculnted culture of bovine embryonic kidney

ing cytopethic effects, Haye-Grunwald-Glemsae.

Pige 8e Unincoulasted culture of bouvine embryonic kidmey cells.

cells showe
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Fistolozical exsmination wag osrried out ox g1l blocks in ell
Jevels of both laft ung ri ht resy quariers of cows 5, B znd d.
?raninﬁg of esch lzrre seotion indicating snd identifying sach tissue
ssotion for the risht rear quarters are included in appenddx Y.

Zouw G Hisht soor suerter {(invculeted wibli 133 virus and killef ut

three Gayme)
section 4

dection & wes made up of 22 histslesieal ssctions ore of whioh
wag supramsrzary lymph nede {to be denlt with later) and 21 of wider
paranchyns, lothing of significsnce ristolerically was Sound in 10
seations of the purenchyus. Changes noted in the other gsoetions were
relatively minor. In some, the odd slveolus was filled with milk which
ofton contzined o few polyscrphomuclear loucocytes. The pooraicnal
foous of muture lymphocyies wie noted in the interatiticl tissue of
gome secticns. In otners thsse foel appecred to be hynerplestice In
sume instances one or two anithslixl oelils of the alveclar lining
rounded up, becuwse disscoisted {rom toeir feilovws and hnd howogongous
donsely shainin; cosinophilie eybopless wnd 2 denvely atsining ruoleus.
1n section B9 fooi ef up to 12 alvecli were involved fu &n intoratidial,
vesoetion wiers soromclowy sells {lynphoeytes, nscrvphinges wnd the
pid plaams cell) together wiih the enosgional wolymorpoonuclesr louccs

ayte was infilirating the wlveolsx wollse Capillaries in the inter-

ptitinl tisvue were congested. The nlveoll sypenred wuall end fholr
Tusing were Filled with macmphages and desgusunied siveoiny opithelinl
onlla, the ruelal of wnieh wsere syknotie Wit ksrzorrhexis wem nol notod.

Fueled of slveolar onlis ediscent to scwe fool appesred swollen, pale

"
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end vesiculer, twt no inclugion vodies were ncied. iIn secticn G614

nany £o0i wers noted where the maclel of tue slveolar cells appenred
very vesicular with mergination of ehromabin. Definite inelusior dofies
were noﬁ found,
section B.
section b consisted of histologicel ssctions frow (23 through to
o6, Bleven histological sections costained relutively nomiel tissue.
hany ol the other sections coniuined fosi of necrosis in wuich epithel-
jal cells lining ducts or alveoll were underyoing neCroslis. Phis wes
{; ohuruvcterised by pyknosis und keryorrhexis with slowghing of cellular
: debrig inte the lumina. Tnis resctiion was sceumpaniad by infiltraetion
of polymoxphonuclenr leucocytes as well ag mononuclesr cells which
were meinly lympuocytes and plasma cells. A4t the ed.es of gome of
i these foei of necrosis alveolar cells r duct cells with maerginstion
of rnuclear chromalin vers noted. In sowse lustances minute goginophilic
grenuley possibly representing the formation of early inclusimn.podies

were noted, Iun aress suryoundin: these fool merked swelling of the

inte & recrobic focus was noted.
gection Co

section { consists of histologlical sections GH7 througn 0 G633
unly section (5% appeared relulively normal. Hecrotie foei =8 noted

previvusly iu sestion B were found throwghout the remeindeyr of the

seotions, ihese foci were often found in dact epitielium and compisted
of neerotic epithelisl culls uccumppnied by an intlanmetory rescticu.

Pewerd the peripbery of these neersiic focl epithelisl cells exuibiting

endothelini cells of blood vessels wus noted. In one inslance heworrhuge
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marginsticn of nuclesr chromatin were evident. In scae instances,
20sinophilic intramuclear inclusion bodies were pregont., Flg. 10
11lugtrates an area {rom section G488 where necrosis of duot epitheliuwa
jieo resulted in plugging of the lumen, Juct epitheliel cells with
margination of chrouatin sre evident together with one conteining en
intranuclesr eosinophilic inclusion. In some insiaznces intrsnuclear
gosinophilic inclusion bodies were noted in the epithelium of ducts
ur slvecli where fucl of necrusis were not yet evident, Such an in-
clusicn body s illustrsted in Fige. 11 from section 657, It will be
noted that murcination of nuclear chromatin is pronounced. Fig. 12
from section O48 illustrates a typicul necrotic focus characterized by
the presence ¢f pyknotic rmclei in a {ibrincus matrix. It will be
noted that ithe surrounding capillaries are conjested and the infile
trating cells ere mainly plesma cells ang u few polymorphonuclear
leucocytes. Diapedesis of polyuorphonuclear lsucocyles is noted in
Fige 13 from section G51. Hecrosis of alveolar epithelium is evident
resulting in the oblite:ution of the lumen with fibrin wnd cellular
sobris. Hecrobic foci in the duct epithelium result in the desqua~-
pmation of eusithelial cells elong witk: the exudailon of polymorphomnuclear
leucooyies wog {ibrin inte the lumen of the duct. Puis exudsbion
results in the plucging of ducte which in turm csnuses the demming back
of secrstion in unigher levels., This exudstion intc the duct lumen
from aecrobic foci is illugtrated in Fige. b from gection 354, In
sections of Lhe cistern epitbelium numerous focl of kyperplasic of
the apituelius wes noted. The epitheliun wag thrown up inte numeruus

villi and judoing by the nusber of vacuoles in thesa cells sacretory

OB ¢ 2>
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Fige 104

'E’ig. 11.

G46 Duct. Hecrosis of duct epithelium (top rigkt) with
regultent plugging of lumen, Tep srrow indicutes
eosinophiliec intranuclesr inelusicn, boliom arposg ine

dicute marginutlon of chromstin. K & & X 600,

G657 alveolus. sosinophilic intruruclear inclusion vody
with murginction of ebromatin in nucleus of epithelisl

cell lining; alveolus. L & o A 1450,
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Flge 124

f'ié;lo 130

(348 Udder perenchyma. DNesrotic foous charwcterized by
praesence of pylmotic muclel in fivrin watrix. Sure
rourding capillsries sre congested and infiltrating
eells are mainly plasms cells and & few polymorpho-

molear cells. H & © X 360,

51 Udder parencnyme. inecrvsis of clveolsy epithelium
(right) with ebliterssiun of lumen with fidrin

celivdar debris, Dbispedesis of polymorphonuciesy

leucocytes from vessel ut lefte I & & X 380l
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aetivity was beking plsce. 1o other zyeas the cistern epitbelium wus
flattered witls loss of nuclear polarity. Huverous ducts were seen
completely »lugged with inflemnwutory exudete, Aress immediately sur-
rounddng the foci of necrosis in the uwdder purenchymz snd in the perie
ductsl tlssues contzined rnumercus nececzpillaries and an increase in
fibreus connective itissue eloments,
section D,

szetion D consists of section GOk 1o 463 and 677 to (&Y, 4ll
sgciions with the excestion of (87, BE and 8y whicn are btaken through
the teat ot the level of the sirsak cunal showed pathelesical changes.
riogt seciionz centained mimerous fuci of neerosis as desceribed in other
sections above. These foci of neorosis were found bodh within the ducts
and in the alveoli. 1u sume inslubces whole lobvles were involved in
the secroiic process. Jvispedesis of polymorghonuclsar leucocytes wus
evident throughoui the entire ares. JSuell gremlsr eosinophillc intru-
auslesr inclusions were fairly cowswon sl ibe perighery of necrotic
foci. Hyperplasisn of duct epitheliws wes evident in some secticus.
interlovuler inflammetory 6eéemu wes olso evident throuishout muny sece
tionas, Int genoral the neerosis was more severe in this level than in
higher levels., Fige 15 illustrsiing an wres from secticn G66 showe
slmcet complete destructicn of the nlveolar epitheliws withn obliteruiion
of the luzen by fibrin, §013mor@10nuclear leucocytes, and cellular debris.
The epithelinl ocells remaining, either exhibil merked marginaticn of
nuclesr chramaiin or conitained intranuclesr cosincphilie imeluzion
bodies. lood vessels appearsd yroninent wnd there was an ineresse in

fibrous comnective tissus clements. Whe influmuninr, reactios dn the
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Fize 1l4s G54% Duct. Dosquumuted epitheiisl cells, polynorsho-

miclezr leusocytes wnd {ibrin spewin; forih from two

arexs of neerosis in the duet epitheliuw and plugging

the lumen. ¥ & & % 18G,

Fige 15+ GG66 Udder psrerciynae. 4&lmost cusplete destruction of

alveolar epithelius =nd oblitersilon of lusern wilh £ibrin,

polymerphonuclesr leucoeytes .nd

v increnss in
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interstitial tissue cousisted primarily of lywphocytes wnc plasze cells
end seemed moderate in proporticn to the smount of necrosis presenl.

In the tent cistern there were rumerous areag of necrosis of the epithe-
liurm, sioughing of cells was generalized, merginstion of muelear
chronatin wes scen but deflinite intramuclesr inclusion dodies were not
poted in epitheliun of ihe teat cistern. Hoth polymorphonuclear and
mononuclear cells smcocompanied recrotic foei in the accessory zlsnds.
Fig, 1& represents sn ares from section G882 and illustrutes the conle
plete losas of epitheliun from the teal cisiern lazving & bare busement
manbrane. Where this somplete loss had taken place the infiltration
wos primarily with poelyworshcruoleay loucosytes. Fibrinoid neorosis
of vessel wslls in the lumine propric of the test clastern wes a coumon
finding. This is a2lsc illustrated in #z. 18,

Suyransmmeyy Lymoh fode

ihis node was covered by sectionz (Gl and 069 throush to (76,
rolymorphiemuclewy infiltretion of the corticel and paretrabecular
sinuses wss evident, This is illuatrated in Fi.. 17 from section 5?1.
Cedems of the cortical simus wue.&lso gvident, [fhsgocytusls of cellular
debris and pelymorphonuclear leucosytes by large mscrophuges wes evident
in botr the corticul and paratrebscular sinuses. folyzorphenuclosy

infiltration was evident within the trsbeculi theaselves,

Cow & Left fesr :usrter (contrel quarter)

Histologicel examinetion of the supramemmary 1lywph node froa the
left rear quurter revesled numerocus mscropheges in the paratrabeculsy
sinuges, Smnll blood vessels in the coriex were stuffed with polymor-
phonuclesr leucosyies. Tissue sections €118 and G190 contained nothing

of siymificunce wrid were considered rolstiveiy normsal.

PR .- .00 /o

[Sown



ay—— "

_
|
f
|
!
|
!

€0,

Z8e 16 and 17,

=g
3




Fige 16,

i'i;_o 1?.

G682 Peat cistern. Complete loss of epitheliws leaving
the bare basement membrmne: Lemins proprde is hesvily
infiltrated with polyworyhonuclecr leucocyies ond blood
vessels aro prominent wiil: swollen endothelial cells.
Murincid recrosis is evidend in wall of vessel (2nd

{rom botbowm) B & & X 360,

71 suprsmemnary lyoph Gode. Utdenn b L1 O h G

ruclesy iniilbrotion of corticsl sinus. o oo DA 360,
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Cow K gkt Rear uarter (inoceulated with IIR virus ond killed oi

s8ix days.)
Section 4.

Tyig mection consioted of uistologienl sections 63 - G5 and U -
G37. Changes coneidered of pstholepicul gignificence were found in
only four gsections. These consiated of minute creas of necrosls of
slveolay epithelium accompanied vy 1ittle in ihs wuy of an inflaimsatory
resobion. In one instunce, marked proliferuiion of ductel epitheliun
wus noted.
Sgction Ba

Tric pection ceonsisted of histelogiosl sections B&6 through to B,

Ten msectiuns conteined relntively normel tissues “hpetgshout this ssction

srpall groups of alveoli were found £31led witr wilk, celluler debris;
polymorptonuclesar leucocytes angd de&quzmnteﬁ epithelinl cells. Where
this type of lesion was found often no interstitisl inflammctory res-
ponne was evident but on oscasion a moderate lymphocyte infiltration
was present. In some arens & mild polymorphotuelecs leucooytio in-
£iltration was evident in the intofﬂtitiﬂl tinpues. Some sections shove
ed fooi of necrosis similar to those ncied in cow with necrosis of
epithelial cells and an intoratitial resction primarily with monge
saglesr cell types. 4oole lobulss were noted where the alveoll wers
filled with secreiion end:. leucceoytes (imuinly polymorphorucleer but also
& few macrophoges, wnd monocytes) with litdle or o necronis of
epithelium, Suall jntranuclenr, cosinophilic premuler incluglou heddes
were noted in the epdthelial cells alum: with maroinstion of chromctine

Semarketion between affected and wnaffected tissue in genme insionoces

were quite uarzed. Piyze 18 represscbs an ares of udder srenshyia from

TS T
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seotion H79 snowing zn intersiitial septum of Tidbrous connective
tissue separating affected and unaffected lobules. In penersl the
interstitisl resciion varied froa u few polymorphonuclesr leucocytes
1o slmost éurﬁly mononuelear in type, In some lngtences 1t was
poasible to sce where the plugging of a duet as the resuli of exudation
from necrobic fooi had dammed baok secretion resulting in digfention
of alveoli with milk.

Ssoticn C.

section C consisted of histologlcal sections HB? through te #118.

Chenges considered of pathologicel significunce were found in all
sections. Narked oadewa wis noted in the subcutanccus tissue with dia~
pedesis of polymorphonuclear leucocytes. Changes observed throughout
gection ¢ were charscterized by marked necrosis of duci epithelium
witn resultant plugging. The type of roustion noted le illustrated in
Yige 17 from seotion k95. The left side of the picture shows s Quet
with conplete destruction of 1ts epithelium, its lumen is plugged by
desquemated epithelial cells end fibdrincus exudate. In the oentre of
the photomicrograpn the duct epitbelium is intzot but ite lunen is
pluzied with desquemsted epithelium ocells and polymorphonuclenr leucc-
cytes. In the extrese right ve ses atrophy of the alveoli of the in-
volved lobuls and an inorcase in fibrous oconnective Yigsue and Chpe
ilisries. In ¥ig. Z0 whic@ illustretes = porbtion of section H1LO

warked interiobular inflammatory oedems is gesn along witi: nearcsis of

RN €

elveolar and duct epitbelium and fibrineid necrosis of fibrous connective
tiseue elements voith within the interstitiel ssptunm end within the lobule

itself. ¥Fige <1 represents a portion of interlobulur sepbum of secticn 1189.
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Fige 194

HY79 Udder parenchymsi. Initerlobuler seytus separsting

effected and unaffected lobules. & & ¥ £ 180

EY5 Udder parenchyma. Conplete digtructiion of duvot
epithalius (left) with exuvdabisn and oocluaion of
lunen, et plusged mainly with desquoncted epitheliel
cells (wentre). atrophy of alveoli and incresse in
interstitizl fibroug eonnective tissus and capillaries.

T &% o X 180.
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Figge 20 and 21.
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ze 20, HIXO0 Udder perenchyma, Hzrked necroglis of clveolar
and duet epitheliuwm, marked oetemn of interlobule
gaptus with sene fibrincid necrosis (arrow) of fibrous
connective tissue elements., Infiltrating oslls are

both polymorphenuclect and monoraiclesTy. o & i X 50,

Fig. 2. H89 Interlobuler septum. Filbrincid necrosis of fibe
rous connective tissue elezeritg with infiltr:iicn of

polymorpnonuclesr cella end omeroplivges. & & 2 3 660,
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Harked fibrinoid necrosis of the fibrous conmective tissue elements
with an infiliration of polymerphonuclesr calls and macrophazes is
evident, ¥ibrinold necrosis waz also evident in czpillary wells in
the interstitial tissues. Byoline droplet fegeneratiocn of the slveolar
epitheliun wos found in several lobules. Inclusion bodies were found
in = number of sections. These wers often ninute or made up of several
small eoaincphilic staining granules. In summery, it mey be said
that the most significant finding in scotion C was the merked necrosis
of duot epitheliwm with resultant ducteplugging zné damning back of
seoretion,
Seetion D.

dection D consists of histological mections H119Y shrouzh to K138,
Witk the excepticn of section #138 which wssz taken through the streak
cznal, all other sections sihowed pathologicdl ohanges. Changes noted
in the udder pzrenchyms were essentizlly elnilar tc those noted in
sgetion C stove. This wes goaln cherecterized by the marked destruction
of duet and alveolar epitheliun, plugging »¢ &ucts ond obliterantion 6f
alveolar luming, Inclusién hodles were oluo found slihough they were
gmell in egize and relatlvely few in oumber. Monomielear perivasculzr
ouffing was noted in the wall of the teast. In many sections there
was @ complete loss of the epitheliun of the teat cistern leaving
& barye basement menbrane, The alveolsr epithelium of the scoessory
Zlands in most ifietences woe comuletsly necrotic and wes churmcterized
by karyorriexis ord sloughing of the epithelial cells into the lumen
and weccnpunied by sn inflassstory reaction lergely nude up of monow

aucleny celle bul u few polymorihoruiclenr celle wera alse jresent.
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The epithelium o sode secesacry gylends however appesred relstively
normel. Fige 42 represents & phovomicrograph taken through the teat
cistern of scction H137. %hore wes complete destruction of the
epitheliwz witi the formation of & pasudomembrane composed of fivrin
wnd cellular debriz. The laming proprias wes infiltrsted with polymore-
phonuclear leucucytes, blood veassels were congested and tie lymphatiocs
us indicated by the arrows were thrombosed with fibrin plugs.

Supranesmery Lymuh Sode

The supresemmery lymph node was represented in sections El and 2,
46 -~ E8, 138 - 45, The cortical und purstrabecular simises were staffed
with large nunbers of mserophages, lymphocytes, plasme cells, pelymorphow
nuclear leucocytes and cedema fluid. Lerge sushbers of plasme cells wers
found throughout tle cortex sdjavent to the siuvuges wnd nitotie figures
were often evident in thesme oells, 4 fow extremely large cells, con~
sidered to be reticulum cells wiilh extremely larse nucleolil were found.
he first impregsion wag that these large eosinophilic rueleosli wers
inclusion bodies but they pave o negative reulgen yewction. It is felt
Lowever, these reticulus or stem cells rescuble the sc¢ oslled Fesde
Sternberg cells. Fige. 23 taken [rowm section HE shows & corticasl sinue
descended with mecrophsges, plosme cells, lyapuocyies and the odd
polyavrphonuclear loucoayte, $he arrow indicstes cne of the large
sten cells witi. & large eogiuophilia aucleolus resexbling z Hesd-
Sternberg cell., ..

Cov i left Reur wmerter {contrel quurter)

Generally speaking the tisaues throwshiout 21l levels of the left

reay uurter wore essentisclly normal. In some sress, however, a nunber
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8137 Teut cisiern. Complete destruction of spithelium

with formation of & pseudomembrane composed of fibrin

and celluler debris. Lemins propria is infiltreted with

polyzorphonuclear leucoeytes, blood vessels are con-

0

ested and lymphictics thrombosed (urrows)s ® & £ X 180,

BS Supresmanmsry lymph node. Cortical simus distended

with polymorphenuclesr cells, lymvhooytles, plasme cells

end nscxophages. Ree@-Sternbers-like cell indicated

by errow. ¥ & 5 X 360,
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of the alveoli contained silk and z small mumber of polymorphonuclear
leucocytes. I1n no instance nowever, was there any abnoxmality noted
in the duct or alveclar epithelium, the cortical and paratrazbecular
ainugea of the supremammary lymph node conteined small muxbers ef polyw

morphonuclesr leucocytes.

Sow J Risit Beer guarter (incculeted with IBR virus and killed =t nine

daye ).
3ection i,

dection 4 consigted of sections q7 - J12. GChanges in this section
ware roelastivelyr zild and consisted of moderste lympbocytic infiltration
in the intergtitisl tissuea. s smull nseroiic focus was noted in

alveolar epithelinw gurrcunded by nonomuclezr cell reaction.

Trls section consisted of hiatolagiqalbaectiens J13 througk o J4U.
Phirteen of these sections comsisiod of relatively normsl tisewe., In
other sections wany elveoli wvere grestly distended with milk, Aress of
hyperplasis of duct epitheliwn accompenied by moncouclear csll infiltran
tion of the lamine propris were also evident. The areas of kyperplasia
of'ter: contained many vaculated cells indiembting thet these cells were
carrying out a secretory role. Many of the lobules where the alveoli
were distendsed with milk exhidbited o zodeyate interstitisl reaction of
lymphiooytes, plesma cells and & fow zolymorphonuclsear leucccyites., 4 few

polynorphonuclear leucceydes were seen in the distended slveolie SJeveral

e

intemaittently througtout the interstiitisl tiasue of the juwenchywn

wers foci of lymphooytic hyperslusis. Within these foci the lurge bluwt-

arge ducts were noted which were plugged with celluler debris. Soutitered
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type or reticulus-iype cells ss previcusl, described in tihe suprie
mammary lyaph node from cow I were evident. Fig. 24 from section JI32
illustrotes one suoh foeug. $he srrow indicates the blastelike cell

or ceil resenbling a ldeed-Sternmbery cell. Jome of these focl of
lymphoeytic nyperplasis seem to spill over and through the alveolex
epithelium into the lumen. Humerous mitotlo figures were noted in the
lyamphooytes of thepe foci. Gensrelly, in this secticn the 2lveoli were
digtended wits milk ond the ducts were plugged with sellular debdbris.
Very little necrosis if smy wes noted in ihe alveolar or duetd epitneliws,
Tne plugging seemed to be due to an accumulstion of cells pushied up

£ron balow.

Section © consists of nistologlcsl sections J41 througn to J63.
Pathological changes were noted in ell sectiona. In neny secticng it
was ofter Gifficalt to discern the normsl architecture of the individual
icbule. Foneruclear cell infiltrztiorn in these instences coupletely
obgsonrTesd the crchliscture of the zlveoll, Yhe individusl clveoli could
often be ldentifiled within thess scnes of rescebion and eppeared collapsed

snd atrophic., Interstitisl reaction was predoiinantly monoruclear and

mitotio flgures were foirly frequent. odlastelike cells or Heed~stornbers

type cells were ivund in these zones of resction. Lotulss surrcunding
these srovs often conbeined ulveoli disterded with milk widch contrined
the odd polimorpbomuclear lewcoeyte. 4 number of relatively normal
lobules zisc showed =n incresse in moncmiclear cells in the inter-
stitizl tissue. PFip. 25 illustrstez & lolule from section J49 where the

normal architecture has been completely destroyed by the necrotic and

[
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Pige 24,

J32 Udder pmrenchymz. Foous of lyaphoid hyperplesis.

trrov irdicetes Reed-stermbergelike cell, H & ¥ X 360

JWY Udder parenchyms. apithelium completely desuécyed.
Alveoler lunine obliterated with mzeroyhoges snd poly-
morphonuclear cells stuffed with vellular Caebris.
interstitisl tissue hesvily isfilirsted with 1yaphio-
eytes ond plusma cells. Fibrineid nocrosis of fibrous

cornechive tissue elements in interstiticl tlssue.

L& A 180,
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inflsmmetory process. The alveolar lunina are comuletely obliterated
with macrogtapes and polymorphonuclesr leucocytes which arc stuifed
with cellular debris. The interstitial tissue is heavily infiltrated
with 1yﬁ9hce§tes and plusma cells. Fibrinoid neoroais of the commective
tissue olements wus slwo seen in the interstitial tissue. Thig
fibrincid type of necrosis is illustrated in Fig. 26 taker from the
gune section s Plg. 25. Gomplete necrosis of alveolar wells and
fibrincid necrusis of the connective tlssue alements is evident., In
many instancss it was possible to identify ingividusl alveoli by the
presence of the thin basement membrene. In many sections slmost 811
ducts were pluzged witi necrotic cellular debris, Fig. 27 illustretes
4 duot from section J55. The lumen is filled witih &esquamated epithe-
1izl cells, polymorphormclesr leucocyics ang debrisestuifed macrophages.
Re-epithelization of the duct wall has taken place with é single layer
of flat, siuple squamcus epithelium. The duct wall is moderately in-
riltrated with mononuclenr type cells. TFig. 28 shows & duoct from
section J56. Squameus metaplesia renging fyom sizple to stratified

hos tokon place. The lumen of the duet is oocupied by a core mede up
prinarily of fibrin with a few epithelial cells with prknotic and
karyorrhectic molei., Tre duet woll iz infiltrated with & smsll rusber
of moncmuolesr cells. It is elsc evidenmt thut some nlveoli in the
surrounding lcbules cogtained milk and polymorghonuslesy leucooytea

and Lheir epithelium is relstively normal end intact. Mg, 29 iliuse
tretes & duct from section J59, lHurked fibrinous exudation from the
duet wall whict is completely devoid of epithelivm is n@ted.. The ite

filtruting colls are botk polynorphonucleayr leucocyten wnd lymphocytes,
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550 26 and 27,
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Fig. 26.

Fi{;. 270

J45 ldder perenchyme., Ceomplete necrosis of alveoler
walls and fibrinocid necrosis of fibrous connective

tissue elements. I & & X 360,

J55 Iucte Re-epithelimation of duect with single layer

of flat simple squamous epithelium, U & & X 360.
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Figs. 28 and 2%.

B f,



Fig. 28, J56 Duot. Squamcus meteplasie renging froz simple to

stratified in plugged duct. X & & X 150.

"Flge 29 J59 Duct., Harked fibrinous exudaiion from duct wall
completely develd of epitheliwn. Infiltrating cells

sre polymorphomucleny and lymphooytes. ¥ 42 B 1 180,
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Phe ospillaries in the lemins propria of the duet wall «re prominent
with swollen endothelial celis. To susmerize section O, scatiered
throughout this level are lobules the architecture of which hes been
complotely obliterated by the inflammatory prooess. In generel the
ducts are plugged ani eithey have healing aepithelium or exudation still
continuing wbile iz otbers sguamous metaplasia is evident. Suboutanscus
oedema accompenied by a mild mcnonuclear cell recotion of blood vessels
was noted in this saection.

Jection D.

Thia section consists of bnistolegical sections J6& through %o J84,
Pathological changes wexe noted in sll sections wit: the exosption of
382 - JBA which were beken through the lower gortion of the teat cunsl,
Changes noted in sections J6k through to J73 were essentiully similar
%o those noted chbove in seotion C. Suboutansous oedeva &ﬁcomganiéd oy
mild monomuclear perivascular cuffing wes present. Lobules wers preseatl
where ihe architecture was obliterated by msssive sionoauclesy cell ine
filtration consisting primerily of lymphooytes and plasma cells. In
other areus the srchitecture of tue lobules wus relatively normel. In
these areas howsver, most of the alveoli were distended with stagnont
milk infiltrated by & fev polymorphoruclear leucocytes. Interstiticl
tissue exhibited areas of lymphold hyperplasies. Flugging of duota wiich
exbibited verious stngeg of squanous meteplasia waa general throughoyt
thiz level. In the lsmina propria of duets and the gland eistern a
monomuelear cell infiltration was evident and capillaries with swollen
endothelial oells appocred prominent. Eyaline degeneration with the
formation of droplets was evident Yoih in the alveolar and ductal

epithelium. In the teat there was complate destruction of the epithelial

i
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lining of the cisternm leaving a basement menbrane covered with tibrin
and infiltreted with mononuclesyr oells and polymorphonuclesr leucoocytes
resulting in the formstion of a pseudomembrane. In the lanins propriz
the oaﬁilla:des wore prominent wiith swollen endothelial collsg.
sccessory glands aa such were not recognizable, coaplete destruction
nuving taken plece slong with massive infiltrsiions of mononuclear cells
with an occasionsl polymncrphonuclear leuccoyte present.

Supremammary lyunph Hode.

This lymph node was represented in ssoticas Jl - J6, The eortical
and paratrabacular sinuses contained aeny pluams cells and maerophages
but few polymorphonuclear lsucocyies. Large blast-type cells resembling
Recid-Sternberg cells were commenly emocountered, |

Cow J Left Rear imarter (control querter).

iittle beyond & few alveoli contanining milk and the odd polymore
phonuolesr leucocyte wes noted throughout this zlend., Small numbers of
polymorphomiclear leucocytes were prepent in the cortical and parde
tpobeoular sinuses of the left suprumsmmary lymph node. Polymorphce
nudlear leuwcocytes were zlasv present in the small blood vasselslin the

cortex of this node.

gxperinent IV. Ewmscotic Abowtion in Hwes Virus (Haije

Table V illustrates the daily milk produotion end tauperature
records for cows P, @ and ¥ for two days prior to incoulation and
throughout the course of the gxperiment,

the first post-inocuistion day the milk from the infected quarters
sppoared normal =nd all snimals ate well. Decrsased milk production

aspecislly in cows F and & coinoided with the elevation in tempersture.
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Table ¥

Daily milk production in ml. and temperaturss of cows F,
Q and § for two days prior to incculation and
throughout the course of the experiment,

Cow P Cow Q Cow N
Milk Frod. Temp, ¥ilk Pred. Temp. ¥ilk Prod.

6300 101.2 2000 102.6 9600
5900  101.0 1950  101.4 9150
2050 105.8 1425  104.8 8000
1200 107.2 200 107.0 2750
150 1042 100 103.4 1350
100 102.%4 4100

250 - 102.,2 4300

400 10L.b 6100

7100

6850

7400

Temp.
101.2
101.2
101.8
i06.4
103.0
101.6
101.4
101.8
1014
101.3

101.2




The second poste-inooulstion dey all snimals were off feed. Marked
gwalling and hest extended down into the tests vhielh were turgid.

Milk frow the left quarters was normal in gress appeerance while that
from thé right quarters was urine.like and contsined white fibrinoue
clots which on ogcasion plugmed the stresk cemal. Cow Q aprecred the
most seversly affected, was recumbent and very reluctant to stexd, On
the third posteinoculstion day all cows were still off feed. A1l rmight
quarters were not and awollen end diffioculiy wes experienced in milking
becsuse of blockasge of the streak canel with fibrin clots, Bilk from
the inoculeted quarters contazined a large number of clots and was
urine coloured like tast meen the previous day. Cow P was killed be-
oause of a teat oaznal blockagze. XMerked snbcut&neaué oademz wag noted

over the right quarters. Total weight of the right qnarters was 5,000

gme compared with only 2,600 gma for the left juerters. The fourth poste

inoculstion day the right quarters of cows Q and H wore still quite hot
and swollen although both exnimals appeared elert and were sating, The
millk from the virus-inoculated quarters contrined large numbers of clots
and was etill urine like in celoure %The fifth post-inoanlationAday

the animals showsd continued improvement with the swelling in the ine
oculuted quarters contiming to subside. Phe ailk from the right front
quartor of oow ¥ conteined a few clota tut wea more nowmel in appect-
anoe. The milk from the right resr querter cf cew ¥ and both right
quarters of cov Q was muck the seme ss the previous day., The sixth
post=inosulation day a few clots were noted from both right quarters

oi cow ¥ mt the milk wes pear normal in celour., The milk frow both

right guerters of cow ¢ was much the same s previously obgerved and

T et e cnomt
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& £ibrin clet formed in the semple collected from the right resr
quarter within mimutes of colleoting. DMarked subcutenecus cedema
varying between one end two inches in thickness was present over the
right quarters of cow Q. This oedems extended five to six inches
Along the abdominal wall anterior to the right front quarter. fThe
right querters veighed 5900 gms. as compered te 1950 gms. for the left
quarters. The seventh jocteinoculstion any the silk fyom the virus ine
coulated quarters of cow N still oontained u numbsr of small clots

but the seorebion was normel in appeerance. Swelling was reduced

from the provicus day but the rizkt quaTiers were still quite hand.

The following day very few clots wera present in the milk from the
effoated quarters and swelling was contiming to pubside and the glards
were more plisble. The ninth post-incoulation day the milk from the
affectad quarters sppsared relatively normal. ko suhauﬁaneaua nademns
wos noted over the right quarters tut the right half of the uvdder weighed
5750 gms. as dompared to 3400 gms. for the left half.

Firus isoletivn was attomptad from milk sumples collecied from both
tre left rear and right reer querters of all cows throughout the course
of the experiment. Success wes not achisved in isolating virus from
milk spaples colleoted during the first thiree days of the axperiment.
These were tne sazples which ware frozen and thuved prior to their ine
ogulation into tke yelg sac of eizht-duy-0ld embryonsting eggs.

Sumples collected from the right rear guarters of cows N and { on theo
fourth, fifth and alxth post-inceulation dxys vesulted in death of the
embryos in eight to ten dsys, whereas swaples collected rrem}the left

rear quarters of these animals on the smne days did not raesult in
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ambryonic death. Samples collected from the right reer quarter of
cow N on post-inoculzation days seven, eight and nine resulted in
embrycnic denth while those collected from tha left resr querter did
not. Vizus narticles were demcnsirated in imprasgicn smears prapsred
from decd embryos when stained by Machiavello's technigque. Fig. 30
illustrates a cluster of virus perticles =3 seen in an impression
wreparad from yolk sac of a dead embryo.

Clusters of virus particles wers seen in smearm prepared [rom milk
aollected from the rizght quarters of all cows on posteinoculetion day
three., Smenrs prepsred from the milk collectad from these quurters on
postwinoculstion day one snd two failed to show definite clusters,
These clusters apsesred similmr to that which is illustrated in Fig. 30,
5imilar clusters were desonstrsted from the virus inoculated quarters
of cows { and ¥ in samples cellectied in poet-incculatioﬁ days four,
five apnd six and from cow ¥ on duys seven, eight and nine., At no time
vere clusters demonstrated in smears prepared from milk samples
collesoted from the left guarters of all cows,

Rigtologioal examinution was carried oui on both rear guarters
of cows P, Q and N,

cow P Right Rear {uarter {inoculnted with EA% virus ond killed ot three

days.)
Fecticn B.

Scotion 4 consists of histolozical sections Fl through te P28,
$ix of thess sections contained reletively ncrmal tissue. Throughout
the remsinder of the sections many clvesli wore seon which were filled

with milk contsining polyuorphonuclesr leucocytes und desquamated

[ V——
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Flgs 39, Yolk suc. Cluster of virus particlaes seen in impression

prepured from dead embryo. Machiavello's. X1450,
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epithelicl cells, ko necrosis of duet or alveolsr apitnellal cells
wes noted and interstitisl infiltrations wers not evident. Clusters
of elementary bodies were seen in sections P6, 11, 16 and 21, These
clusters were usuaslly found in alveoli which wore filled with milk and
were ususlly lovated ot the distal end of the cell towerds the alveolar
or duct lumen. These clusters were found in various siages of develop-
went, The sarliest stage wua charscterized by a dense stuining natrix
in which no individual elementary bodies ar virus purticles could be
distinguished., Tois type of cluster referred to as « plaque iz illus-
trated in Fig. 31 from section PE%. The plague indicated by the left
hond arrvow is typical of this early form. The next stage in the
maturation of the virus colony is illustrated in Fig. 32 from section
P97, This type of cluster was cheracterized by u dense staining watrix
in which fine virus psrticles could just te dietinguishéd. Gther {orns
in which larger virue particles could be mude out in the satrix ure
illustrated in Figs. 33 and 3% from sectior F43. It will be neted

that the lumina of the slveoli in which these elewentary bodies are
found are filled with milk, infiltrating leucocytes and degquamated
epithelial cella. dSome clusters were noted which were relatively small
in size and conbained larze virus particles. Juch & cluster is illuse
troted in Fig. 35 also tsken from section 3. While both Glemse and
Hachisvello stains were utilized in attenpting to demonstrate thes?
elementary bodies B and § stoin proved cs useful for this purpose g8
the others. Clusters were found within fat vacucles s2 illustroted in

Piz. 36 from section P77, It is alsc ncled thet this partlcvler cluster

B
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Figs. 31 and 32.




Fige 31, P8% Alveclus. Flague formetion cherscierized by dense
matrix in which no individusl virue zerticles cen be
distinguighed. A&rrows indicete plagues. The plague on

the left best exemplifys thise E & B X 1450,

Fige 32. P97 Llveolus. Flague in which fine virus particles can

be distinguished within dense matzrix. U & B X 1450,
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Figae 33 and Y.

sy




Fige 33

-Fige 3.

L 4

P43 Alveolus. Cluster (arrow) showing lerge virus
perticles in the cytopless of slveoler epitheliel cell.
Alveolaxr lumen is plugged with desquamcted enithelial

celly and leucceytes. ¥ & 3 X 1450,

P43 Alveolus. 4 cluster of virus perticles in
epithelial ocell., Alveolar lumen filled with mill sng

loucocytes. Giemsa X 1450,
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Figs. 35 end 36,

[ —




Pige 35, F43 Duot. Small cluster with reletively large virus

purticles. CGlemes X 1450,

Fig. 36. P77 Alveolus, Cluster of smell virus particles
developing in u very pole matriy in the cytoglaém of
an alveolar epithelial cell, Alveolar lumer is filled
with milk, polymorphemuclesr leucocytes and demquanated

epithelial eelle. U & B X 600,
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had very pale stuining metrix. Flg. 37 teken froum section P43 illus-
trates o duct the lumen of which is plugged with mononuclesr sud poly-
norghomuclear leucoceyies. Tha srrows indicate clusters of elementeyy
bodies in the cytoplasm of duct spitheliel cells. The mature type of
cluster is illustrated in Fig. 38 from gection F97. & mamber of
clusters as indicated by arrows, of fine virus particles suspended in
s pale staining satrix zre present, It is noted that no evidence of
necrosis was found in slveolar or auet epithelium where clusters of
virus particles were found.

seetion B,

Section B consists of histologiesl sectiong P37 through to P76,
Seoction P37 was the only one in which pathological 6hanges wers not
found. Clusters of clementary bodies were found in 12 sections dise
tribtuted throughout section B. These clusters wers of different forms
am described shove and illustreted in Figs. 31 throughk to 38, Neorosis
was not fournd in intimate association Wity cluptevs of elementury bodies.
2ne £irat indication of necroals was pylknosis of the muclei followed
by karyorriexis. These chenges were ofien sooconpanied by swelling of
the endothelial cells of blocd vessels in tne interstitiel tissue and
the apposrsnce of rononuclear eells both lymuhocytes and plesma calls
ip the same arox. tThese neorotic cells then sloughed from the bage-
ment zembrane into the lumen followed by s marked outpouring of fibrin
Cyom the interstitial tissue. This type of rescticn is illustrated
in Fig. %0 from section P45, "he alveolar apithelial cells in the arez
between the arrows have become necrotic and sloughed off. A voloanic

outpouring of fibrin from the interstitial tissue iz forcing the lumen

M.
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fige. 37 snd 38,




Pige 37. P43 Duct. Duct lumen plugged with monomuclesr and
polymorphonuclear leucocytes. arrows indicate clusters

of wirus purticles. H & E X 360.

Fig. 38. P97 Alveolus. & mumber of clustars {(arrows) of fine
virug peyticles in pale metrix. This reprusents the

nabure vesicle. H & E X 1450,
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content of polymorphomuclesr leucocytes and desguamated epithelial
cells intc o crescent-shaped mess at the left of the figure. It is
noted that the remainder of the alveolar epithelium eppears reiatively
unaffected. Pige 39 from section P46 represents z more or less tyopical
area where neerosis was found. 7The slveoli in the central portion of
the figure contained {ibrin, pyknotic and karyorrhectic nuoclei and
huve discontimuities in their lining epitheliws, Fhe interstitizl ree
gotion is of both monomuclazy and polymorphomclenyr leucooytes. The
surrounding alveoli are filled with milk containing polymorxrphonuclear
leucccytes and desquamnted epithelisl cells. The epithelium of these
alveoli was relatively nomrmal. This latter type cf reaction wes found
throughout section Y.

Section C.

Section C was made up of histological secticws #77 through to Flol.
Lesions considered of pathological significsnce were found in all
seotions. Clusters of elementary bodies vere found in 16 gections and
areugs of nacrosis of alveclar and duet epitheliwn were found in 15,

The clusters of elementary bodies were similar tc those éeseribed in
section & but the areas of necrosis tended fo be lerger and in some
lobules compleis losa of asrchitecture was noted. Hoderate mononuclear
cell infiltretion consiating of lympbocytes snd plasma cells was found
in ereas of necrosis. The plugging of ducts as & result of neorosis
of thelr epithelium was much more prominent in this than in sections A
and He Pig. 41 illustrates such a duct from section P?7. The duct is
Plugred with polymorphomuclesr leucccytes and desguamated. epithelial

cellas, The epitheliun nt the bottom of the duet has been conpletely
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Pig. 39.

Fige 40s

P46 Tdder parenchyme. Alveoli plugged with milk, poly-

norphonuclear leuccoytes and éesqusmated epithelial cells,
Centrzl alveoli contsin fikrin, pyknotisc and karyorrhectic
nuclei snd have discontinuities in their lining epithelium,

Interstitisl reaction is buth polymerphonuclenr and mono-

muelssrs B & B X 108,

Phs Alveolus. Disruption (between errows) in slveolur

epitheliuz at lower xight with cutpouring of fibrin
foreing lumen content of polymorpbonuclear cells and
desquunated epitheliul cells inic oreseent shoped nuss

&t lefv. L & 2 X 630,
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destroyed sné thaere has been s marked outpouring of fibrin wd exe
udation of polymorphonuclesr leuccoytes, The sayrov indicates intect
epitheliuvm &t the top of the pleture. This epithelium was undersoing
hyaline droplet degeneration, It is noted that the surrounding slvecli
are filled with milk and polymorphonuclear lsuccoytes while thelr
epitneliun is relatively normal and the interstitisl infiltration
ainiznal.

decticn I

Section b consisis of histologicnl seotions F102 through itc F132.

Changes counsidered of pathological significance were found iu ell these

gecticns. Hecrosis wuas genersl throughout the gections of udder par-
enchyme but clusters of elementary bodies wers not found. 4s in
section C the plugging of ducts with exudetion and recrotic celliuvlar

debria was general throughout. Hyperplssis of lymphoid elements in tre

interstitisl tissue wus merked in some feei, Piz, 42 represonts a

section of zlend cistern from Y109, Qedema with infiltration of poly-

morphonuclezr leucocytes snd diapedesis of erythroeytes in the lamina
propria is evident. A similser type of resmction waes also evident‘in

the lamine proprie of many ducis throughout this section. Swelling

of endothalial cells of capiliamries and smgll blood vessels was gomes .
times & prouinent festure in the periductal tissue, JIn some instences %
minute aresz cf fibrina;d necroals of connective tissue elements wes l
evideont. Lympbatic vessels were often distended with lymph and contained ;
nuerous polyserphonuclear loucooytes. In some instences these leucow i
cybtes meer tc ocolude the vessel resulting in the formstion of whet

mizht be termed & lsucocytic tirombus. Inflammptory changes with neorosis {
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Pig. ¥1. P77 Duat. Duct plugged witk polymorphonuclear

leucocytes ond desquamated epithelisl cells. The
epitkelium of the duct has been completely des~

troyed ai the bottow where there is en outpouring

of fibrin, Arrow indicstes intect eplthelium at

Fige 42. Pl09 Gland cistern. Cedema with infiltration of poly-

morphonuclear leucceytes and dlapedesis of erythro~
cytes in the lamina propria of the sland cistern,

¥ &% X 180,
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were mlac npted in the wolls of lymphatic vessels. 3ections ‘hrough
the tenxt showed marked neorosis of epitheliuwn of the acceseory #lands.
Fig. 43 from section ¥120 illustrutes the marked oedene with moderste
polymorphonuclear cell infiltraticn of the lemina proprie of the teat
cistern, In aress this sub-spithelial cedema was marked ond extended
below to the muscle layers. Swelling of endotheliel cells of blood
vessels in the arecs was accompanied by infiltrsiions of polymorphte
nucelear leucccytes, macropbayes, monomiclesr cells and eosinophils.
In scme instances lymphatic vessels were plugged with fibrin thrombl.
Fibrincid degenerciion of fibrous connective jigsue elements zs well
ag dimpedesis of erythrocytes was avident in gome fooie Sections
token through the streak cenel eppesred relatively ncrmal. Suboui-
aneous tissues were cedematous and accompunied by mild polyusrphow-
nuclear cell eulfing of blood vemsels together witi the o&d maerophalde
In areas there was & warked vasculitis in the subgutanigous vessels
with diepedesis of polymorphonuclesr and mononucleer leucoceytes.
seeticns P29 bthrough to F36 represented the right supremamuary lyaph
nodee. Fic. 44 from section P32 illustrates the oedema fluid which
wag found in the cortical and parztrsbescular sinuges, In some arezs
this fluid wus soccmpanied by pelywmorphonuclear leucocytes, This
figure alsc illustretes & germinel centre which nas been depleted and
is underoing & fibrinoid type of neorogis. Uedens of the perinodnl
tissues was alse evident-ascomp&nied by swelling of endotiwlisl calle
of dlood vessels ond uhe diapedesis of leucooyies and erythrocytes,

Cow P Left jeor guarter (control quarter)

Small numbers of slvecli throughout all levels of this glund con~
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Pice 43. P120 Test. Iarked ocodena with moderste polymoroho-
micleer cell infiltrotion of leuina propris of

teat cistern. £ & & X 180.

Fige 4h, ¥32 Supromavsary lympb aots. Uedems fivid lo coridieal
sirus whd depletich snd necrosis of ue ningl centze.
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toined milk ond stell numbers of polymorphonuclesr leucocytes. In no
instance was any abnormelity of duct or alveolar epitheliun noted.

Small numbers of pelymorphomuclear leucocytes were found in the corticsl
and p&ratfabecular sinuses of the left supramammary lymph node.

Cow 4 Rizht Resy yumarter (inoculsted with EAR virus erd killed after

six 4gys.)
Section 4.

jection A consists of histolugisal sections Ll through to 428,
As $llustisted in the trecing in 4sprendix 1 the azrea included within
the inner sclid line contains udder pavenchyue wherauas that outside
ol this area zomsists of perizlendular and subgutzneous tissues,
Thaoughout the periglenduler and suboutubecus tissues cuplllsrvies with
swollen endothelisl cells and perdvescular Infiltrstions, whioh varied
from miléd to gsevere and comsisting of lymphocytes, nacrophuges «nd
polymorphomuclenr leucocytes wore evident. Lywphatic vessels were
distended with lymph and mononuclear leucocytes predominently lysphoe
oytes tosether with some polymorphomuclear leucocytesz. Throwbosis |
of veine anl lymphetio vésaels weas & proninent fewture in these areas,
Fige 45 represents a portion of gection G110 but is typleal alsn of
changes seen in section A. A perivasoular resotion chersoleriged by
lyunbocytic znd polymorphonuclear infiltration is noted about & group
of small dlood vessels and v lymghatie vessel with fibrinoid necrosis
of i%s wall. VFi:. 86 illustrates n part of & lymphatic vessel wall
from section 5. The wall is infilirated by solymorphortclear and

nonomuolesr leucocytes and £ibrinoid despenerstion is evident in ine

vassel well. 4 necrotic foocus within & ithroabus i3 illustruted in Fig. 47
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Pige 43+ @112 Feriglanduluy tisamue. Ferivesculur recotion
oharscterized by lymphocytic and polymerphonucleny ine
filtration. Fibriroié neorosis is evideni ian woll of

1yaphatic vessel, R & & X 360,

Fige 46e @5 Lymplatic vessel. Irfiltration of polymorphoraclenr

et moncrugliesr eells with fibrinold degenerntiohe

o {umen is ot top of photomicro rophe. i & o A 00,
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from section (3. This focus wes characterized by a deep pink steining
matrix conteining pyknotic and karyorrhectic nuclei. Ia the udder
parenehyma itself resotion varied from alveoli distended with milk and
polymorphonuclear leucocytes Lo aress where entire lobules were
obliterated by an inflamsatory resction. In areas whers the resction
wos mild many'of the alveolar cells contained fat vacuoles or vere
flatiened. In some areas hyesline dropleﬂ degenerstion of the alveolar
epithelium wes notede In other arxeas an interstitiel reaction con-
sisting primerily of pluema calls cauaéd separatiocn of alveoli. Hany
of tie plasma cells contuined distinet hofs whieh contained cne or two
small orange staining granules. Hitotic figures were not uncuwmon

in the infiltrsting plasms cells. Capilleries and venules in thesae
areas were prominent and their endothelisl cells were enlarged. A fev
polynorphomiclear leucosytes vere seen in.the interstitial tissue btut
the interstitial infiltration was primarily of plesma cells wherous
tns siveolsr lusins were obliterated with polysorphonuclesr leusvcytes
and desquanated slveclar epithelial cells. The lumina of ducts also
were plugged with polywmorphonuelear leucocytes znd epithelial cells ond
hyasline droplet degeneration was evident in the duet spithelium, Huct
walls were infiltruted by polymorphenuclear leucocytes and plasne colls
resulting in a loss of polarity of the epithelisl calls. An incresse
in gurrounding {ibrous oonnoctive tissue waa evident together with &
rarked vaaeulétis which on occasion was characterized by necrosiz of
adventitial cells with pyknosis end karyorrhexis of nuclei. Oeensionally
infiltrating monomiclear cells wers numercus. Un oocagion the marked

infiltration of plasme cells, iymphocytes and polymorphonuclear leucocytes
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Pige 47. 3 Lyuaphatic vessel. Necrotio focus in thrombus wiihe
in a lymphatic vessel in periglandulsr fet,

d & x i loe8,

Fige 48¢ 21 Udder parenchymsa. Harked infiltretion of lobule

witk plasme cells, lymphogytes and polymervhonuclezy

Ces

leucoceytes resulting in eomplete loags of architecture,
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vesulted in the ecompleie loss of tke nermmal lobulzy architecture, 3Such

on sres is illustrated in Fig. 48 tuken fron section (2l. In other
ingtances the normal lobuler srchitecture vas obescured by & reticular
formption éf epithelial cells infiltrated with polyiscrphonuclesr
leucocytes wra plasma vells. Such a focus iz illuatrzted in Pig. 49,

& photonioro;ruph taken from aeciion §R6.

section B

Section I consists of nistological sectlon {29 thxough o G77.
fiistological changes considered of patholégicel significunce were noted
in ©ll sections. PFerivasculsr cuffing and vesculitis similar to thot
noted in sections from section A wae evident sbout the peripbery of
this section. Throvghoul the parenchyme chonges vuried frosx nreag wiere
alvaoli were distended with etegnant milk conteining polymorphonuelesr
leucocytes e wrens where the predoninantly moncrmelear cell infiltration
consisting of lymphocytes and plesme cells completely obscurred the
ertire lobular arehitecture. Flugging of ducts and plveoli with po}y—
morphonuclenr leucceytes and epithelial cells vas also noted in man&'
sress. The interstitial r@action wag elther predominantly lympho-
sytic or preduminsntly plssume cells depending on the sren. In areas
whore asrked destruction of the lebular architecture had tsken pluce
by the nassive mononuclesr cell infiltretion the lymphsitic vessels
were distended wud conluined wany lymprocytes. (n ovcasion sitotic
figures werc notsd in these cells. 4Sne lymphatics also contsined
maoropheges whick: bed phagooytized polymerphonuclesr leucocytoes. Hany
of the monomucleer cells hed prominent eoainophilic micleoll resembling

-

Hoed=3tornver,; cells, Loe such cell iz illustrated in Pig. 51 from
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wie. By, w26 Udder parenchyme. Architecture of lolule ig
_obscured by reticulaer {ormmeticn of epithelisl colls ine
filtrated wits polysorpbonuciear cells wnd plasna

cellﬂa 1 ;';3 E:n }; }60-

Fige 50. 4137 Udder parenchyme. Atrophy of 2lveoli ond pro-
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section 56, It is nmoted thut the resction surrounding the lymphatic
vessel is predominently lymphocytic, In meme instances lymphatic
vessele were thrombosed with Iibrin thrombi which often contained
prknotic aﬁd keryorrnectic cells. In some focl aquawmouvs metaplasia of
duct epithelium wae cvident, In areucs where interstitial rezotion was
marked, mopomuclesy cells sinilar %o Reed-Jternbery cells as illustrated
in Piz. 51 were found in the interstitisl tigsue. Fyuline droplet
degoneration wuas noted in the slveolar apitheliuz in wress where alveoli
were plugged with milk. Interlobular cedeme wus also evident in many
arens. ¥ibrinoid necrosis of the fibrous connective tissue elemenis
weg noted on occasion in the interstiiial eepta. In areas where there
was morked loss of architecture on occausion fibrinaid necrosis of the
asdventitie of veins sccumpanied by & mononuclear cell intilization or
rezchion was rnoted.
3ection C.

section ¢ consistad of nistologiosl sections 96 through Yo G40
As noted in section 4 the tissue batween the two 80iid lines on thé
right side of tke tracing-con sined subcutsnecus and periglendulaz
tisgues. Cuunges observed in the subocutanecus tigmues wore easanliclly
similar to trose described under ssction 4 above. Fige &g represents
a typiesl reacticn as noted in this gection where the perivescular
rezction wos cueracterdized by the infiltrstion of lyuphocytes and poly-
mozrshomiclear leucocytes. Fibrinoid necrosis is svident in the well
of the lymphatic vesgel. Subcutansous dedann wes moxked. 4 nusber
of vessels in the subcutunecus tissues ant dermls were leoagly cuffad

with oosinopbils. Many lobules consisted of 2lveoll dighended with

o e ot 27
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Fige 51le 056 Lympbntic vessel. Reed=Sternberg-like cell in
‘lymplistic vessel. Hesction surrsunding vessel is

mainly lyuphocytic. X & £ X 600.

Fige 52. QD0 Udder purenchyma. Lyuphstic thxoubosis.

W&o X 180,
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milk eontuining a few polymorphonuclear leusocytes and epithelisd
cells. In these lobules the interstiticl resction was minimal, Where
interat;tial rezotion was present slveolar lumines were very small

or nca-existent, The alveclsr cells in these instances formed o small
regt surrounded by lymphocytes, plasnz cells and a few polymorpho-
nuclear leucoéytes. There wvas sn incresse in interstitial fibrous
connective tisoue and nescaupllleries with swollen endotheliul cella
were nuserous. iyperplasis of duel eplthelium was noted on occasion.
The nyperplastiec duct sepithelium formea emall papilli and conteined
nunerous veoucles indicating o tendency te secrete., A typicsl lobule
from section ¢ is illustrated in Fig. 50 taken from section (137,

This protomicrograph illustrstes ¢ lobule showing marked ctrophy of
individuzl alveoli snd u hesvy aonomuclear cell infiltrstion. Lymphatic
thrombosic ag illugtrutec in Piz. 52 from.secbian W30 was fairly
general throughoutl section €. In sone instances the torombi wers come
posed mzinly of Iibrin und amell runbers of lymuhoeytes. ‘ihe nuiber
of cells varied greetly however. Lymphetics wers often distended with
lurge numbers of lymphoeytes and mononuclear cells resembling reticulum
cells. Hitotic Pigures were freduently encountered in lLymphatic
vessels., Squasous metaplasias wos ovidant in duct epithelium and ducts
were plugged with fibrinouas clots conteining pyknotiec and keryorrhectic

nononcelear wnd opitbelinl cells. The duet gpitheliun wes often

)

ezvily infiltrzted wiillh moncnuclesr ant polymorphonuclesr cells. Juch
an dalfiltrstion of the duct epithelium ond lawins propris is illustraied
in ¥ige 33 {row section $ll¥%, Pnere was zn increase in fibrous conioCe

tive tlssue elemeunls wad necespillaries in the lanine proprisz in such
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w112 Duete lHewvy infiltretion of duet epithelium

laming propria with noaomuelsar and polymorplioe

i

&3l

suclear volls. ¥ & £ % 360.

5119 Gland cisterm.  Squanous metsplasia with mild

nlymorphonuclear o2ll infilteation of the lumine

u3

proprive I & § X 360,
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insbsnoes. 3Squasous metaplosis alse occourred in the epithelium lining
the gland cistorn. This wes usually accoupanied by s mild end moderste
polymorphomeless cell infiltrstion of the lamins propriz. 4 secotion
of the gland cistern im illustrated im the Pig. 54 from ssction w1l9.
goction U.

section I coneists of histologlcel sections 14l throughk to #165.
Churges noled in the udder perenchyma of section D were essentizlly
siuilar to these noted in mection O, Thrombosis of lymphatics, plugsing
of ducts, squamous metaplasis of ducts.and glond cistern, marked mono-
nuclear cell infilirstions of individual lobules and atrophy of alveoli
were the importent findinga. In the tesl squamous metaplesia of the
teat cistern was found to be similar fo that seen in the zland cistern
and is illustrated in Pig. 55 tuken from the ssctior {161, It iz noted
that the tissues are infiltrated with botﬁ polynorphonuclesr and nono-
wiclewr cells. The sccessory glonds of the teat were infiltrated with
larze numbers of lymphocytes and plesma cells ag well as large nanbers
of blesl-type cells. The glanduler structure itself was completely
wusked by the massive inffiltretion and the architecturs destroyed.
Eosinopkilic infiltration wes noted in the subculsnecus tissues of the
teet but the squamous epithelium in the streak cansl wes not affsoied.

vupramsurayy lymph Hode

The supramsmmnery lymph node was roprasented by sections 478 Lhrowgh
to W93, A striking facture of the supramammsry lymphk node was the marked
lyaphatic thronbosis notad in the capsule. This thronbosis wes simdilar
to that seen in the parenchyma of the uwdder and is illustrated in Pig. 56

from section {7%. The cortical and paratrsbecular sinuses were illed

v
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Pigs. 55 and 56.
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Fig. 55. G161 Teat. Squamous swtaplasis of teal epithelium
with infiltrativs by polymorphoruclesr and RMONC-

‘nuelesr cells. £ & B X 360.

Pige 56. Q79 Capsule of suprunsamary lymph node. lgmphatic

thronbosiGe 1 & B X 54
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with large numbers of plasue cells and blastetype cells. Hitotico

figures were observed fulrly frequsatly. The odd polyacrphonuclesr
leuncocyte was aloo ovident.

Qow ¢ Left Rear uarter (contrel quarter)

Some lobules throushout this gland conitainod alveoli distended
with milk and o few polymorphonuclear leucccytes. The same type of
cell was also present in the cortieal snd parairsbecular sinuses of
the left supranammary lysph node. Neorotic or inflamaloxy chonges
were not noted in the epituolium of alveoll or ucts.

Gow N Right Demy Gusrter (incoulated with Eax virus and killed at nine

drya)e
Ssction A,

Seotion 4 consists of histological sections Kl thxough to end
inoluding H5%. ¥Four secticns conteined rélatively noxymel tiscsue, A
number of lobules throughout this level hed an interstiticl infile
tration of both polymorphomuiclesr lemcocytes and moncnucienr cells
while the epithelium of bYoth alveoli and ducts appesyed normal, In
some fooi interstitisl vesoiion was maevked with large muwabors of
Iymphocytes and plasna cells being present. Hecrvais of slveolar
apithslion was noted in only enmc ares. tention of wilk wae evident
in gome sryees of interstitisl reamction but wes not & prominent feature.
Hyporplasia of lymph follicles was noted on occasion.

Section Db '

Section ¥ consists of histolegleal seotiions H70 $hrough to and

incluéing seotion N132. Ho chenges eccnsidered of pathological sismifi-

cance were found in 11 seetions. In general clhanges noied throughout

nat?
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this seotion werv similar to tihose notod in sectican A with s 2ild to
hesvy interstitial infiltraticn of lymphocytes, plasme cells and poly-
norphonuclear colls, Iisavy infiliretion of duct walls with lyuphoe
cytes, plasus cells ani ¢ fow polymorphonuclesr leucocyites es illustruted
in Plg. 57 from section 1105 wog & {reguent {inding, It is noted thot
the epith@lium'is intact and relatively nomel in appesraunce. Fool

ol necrosis were seen in only three sectionse.

Section L.

section ¢ congists of hiatologicni sections C133 to C175. Changes
considersd of pathologicel significence were found in all sectiens.
jleavy infilirsutions were sgain seen in the walls of ducts. Squomous
wmetaplasia of duct epithelium wos commonly oncoantered. Fige 58
illustretos a duct well where a portiocn of epithellun which has unders
zone sgquencus neleplusia is sloughing and Eeing repluced Yy o node
noxmel tFpe of epithelium., Interstitisl Infiltrations as noted in
section B were genorel throughout ihis level znd on the vhole tenﬁe@ to
DO RUTS BOVEIGe Fige 59Villustrutes a loWle fryon section NlA8 showing
wlnost complete atrophy of the alveoli and with only the ducts re-
meindnze. The interstitial resstion is both polymorphomuclesy and DOACe
nuelesr in type. Atrephy of the alveoli is not as marked in FPlg. 60
wiere & lobule from gecidon X143 is illustreted. Here the infiltrating

cells sre predominsntly plosma cells.

.

Jection B,

Section I consists of histclogical sections H178 througt: to K204,
Changes of patholeploal signdficance were cbserved in sll assctions with

the exception of X203 und H204 which wore saken throuch the sitreak cansl

s ocr g £
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Figs. 57 and 59.




Pige 57, K105 Duct. Infiltration of lsmira axopria of duet wilh

lym.hocytes, plasms cells wnd o Iew polymorphemuciear

Fige 58, 5155 Duct. Sloughing of squuzcus gpitheliun ond 1oe

plecement with moere rormal type of epithelliium.
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Pigs. 59 and 60,




¥ige 59 1168 Ydder parenchyma. almoest cosplete atrophy of
- plveeli with ducts rewsining. Folymorphonuclesr and

aoncnuslear cell infiltretion. E & & X 160,

Fige 60, Hl¥3, Udder parerciyna. Atrophy of slveoli and

interstitial reactics comsistinmg mainiy of plaowc

cella, & & & 5 180.
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of tha tesst. Changes ncted in this level were essentislly similar to
those noted in section ¢ with the interstitisl infiltraticn of Lymphioe
eybas, pluasma colle and polymerphanuclenr leucocytes and strephy of
glveoll being the most charscteristic changesn, Heowy infiltration of
tho leming propria of ducts and the gland cisitern was present. The
heavy infiltratitn of the gland ciatern is illustroted in Flg. 61

frou sectior X1%C. The cells are both lyzmphocytos ard polymorphoe
nuclaor cells. In instances, slowghing of hyperplastic duct epitheliun
and replecement witiy & mnore normael type was seen., Lcsinrophilic it
filtretior was evident in the subcutanecus tissues butl vedema us
okserved in cows P and { vwas nhsent. Honomuclesr call infiltration

of the lemine proprie of thw teat oistern wss marksd. The nomal
architecture of the accessory glande wos completely obgcursed by heavy
infiliretions of lymphocybes, plasna cells snd polyaorphonuclesr csells,
Sguasous metaplasis of the ieal olstorn as {llustreted din Fig. €2 was
marked and oftes. extended inte the ducts of accesanry glands., In many
issteonces this epitihelivn was kKeratinized.

Bight Supramennary Lymph Sodoe,

Tre right suprepemmsry lympk node was represented in histelogicel
geotions K55 thurough to §6%, The certicsl and paratrabeeular sirnuses
cuntained numercus plasne cells, macrophagses, and lamge nonomuclesr
blast-like cella. Humerous mitotic figures were noted in the geminal
cantres, i

Cow i Lelt Rear umsxter (ecntrel guarter)

Nistolegical examivation of all levela of the lef't reer gquarter

feiled to reveel lesions of geliwluogiesxl significance.
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¥129 Clend cistern. leuvy lymphocytic and golymorpho-

muclesr iufiltration of luminae yropvic. 1 & 3 & 180.
¥

#l96 Teat. Gouovous metaplasin of epithelium of eat

cistern extendlny ints duetl of accessery yland,.
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LIaCUSSICH

e results obtained in experiszents 1, iA and 1B indicatle fThat
the virus of lapinized rinderpest ifailed tu propsgate in the laotating
bovine memmery glend in spite of the fuct that it wes not affected by
any inhibitory factor in fresh cows'! milk nor wes it adversely affecled
by being frozen in gowst milk. The lspinized rinderpest virus used
in these studies wes zfapied to the rubbit by Hakamure, Yagaiune and
Fukusho (1338) by the aubéuianeaus inooulation éf 0.5 ml. of virulent
bovine blood per l.5 30 2.0 kilogrums of rebbit weight. These workers
did not observe the typical thermal renctiorn nor the neorotic lesions
produced in the lyaphatic tlssues upon the initiel injection of bovine
rindervest virus. They found however, that these leuturas besoume
more mariked aﬁa dalinite with eanh succesgive rabbit gaaaéga. in
addition to the inoreasing pathogenicity of the rinderpest virus fer
the robuit during lapinisaztion they noticsd a decrsase in viralenoe
for catble. 4t the present tiue tais strain of virus produces nSthing
more than o slizht tempersture rise in cuttle., 1t is rossible that
thais porticulsr struin of virus kns becone so rebbitesdepted thet it
is uwnable to infect cattle via the muuwmzry zlande. The use of oows
late in thelr lzetation peried, giving & reletively amall quantivy of
will cné silkins only once o day councelvably might produce different
resulle us thq,dilutien.of the incculum would not be nenyly as great
and the time of combact with supceptible cells would e prolenged. It
is su gested that this experiment be ropested using cows late in

luctation.
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In experiment II, three altenpis to propegate influenza 4 PRE
virus in tbe lsstating bovine mammayy glund met with failure. Kitchell,
Welker and Benaister (1953 a and b) reported va the propegation of
iafluenzé A PES virus in the bovine mammary glund. Thess workers how-
ever, used an animsl lste in lezctatiom, producing o relatively samall
smcunt of milk end milking wes cerrded out only omce & duy. It moy
well be tust in gelecting animels pruducisg & lerge volume of milk in
eerly lactation and milking twice daily the lnoculated virus is diluted
too mch or flughed-out. Cook, Francis and Kendrick (1961} reported
on the interaction between the influensa virus and staphyloooccei in
the ohick ombryo., In their studies the virus alone produced 35 per
cant embryo mortality, stepbylecoecci alone produced 5 peor cent
aortelity while a combinztion of the two produced 76 per cent mortality.
With this in mind, cow T wea inooulated with g combination of staphylo-
cocci sxd tbe influenza virus in en attempt to estsblish infection in
the udder. It was not successful,

In experiment 11I the virus of infeoticus bovire rhinotracheitia,
@ virus of hos%t range, propagated and produced wmastitis im the lactating
vovine marmary glend., In genersl the patbology produced by this virus
in the mummary slend was simllar to that prouuced in oiber tissues by
the ssme sgenie The basic lesion observed in the zland regulted Irom
the necrotizing eifect of the virus upon the epithelial cells of ihe
ducts and elveoli accompmnied by polymorphonuelear cell infiltration
of the necrotic focus zud followed by the accwmulation of mononuclear
cells, The lower sections of the msmaeary gland bore the brunt of the

onglaught, <The more dorsal the section or tue lerther wway from the
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site of inoculation, the less pathwlogy wes noted. In the dorsel pertions

of the udder the slveoli were distended with milk and Infiltrated wiih
polymargbcéucle&r leucoeytes o8 & result of the plugging of ducts at
lower levels with necrotic ¢ellular debris.

In cow G {experiment III) which was killed three days following
inoculation, éesinophilic intranuclesr inclusion bodies were found in
sections ¢ und D and indefinite inclusion bodies were noted in section
B. Smell rumbers of inclusion bodles were found in sections € snd
of eow H, ‘This weuld indicote that thé infection was still spreading
within the gland at six days. Crandell, Cheathem and Mewrer (135%)
using three straing of IBR virus were able to demonsirsie inciusion
bodies cnly between 36 emd 60 hours post-infection in the upper rves-
piratory treot of calves while Jubb and Kennedy (1963) state that the
inclusion bodien of IBR sre & transitory phenomenen argl may not be
present sfter the second or thivd day of infectlon. Xendrick, Gillespie
and FeBntee (1958) found emall rumbers of ILR inclusions present-atb
the periphery of the lesions in the vagina st three days. OCows it and
J showed & biphesic temperature response, the first peek bedny resched
at four days, dropping on the ifth dey end showing s second peak on
the sixth day. This biphasic tempercture curve is & comwon fsature of
meny virus diseases snd sa the tomparabure peaks coincide with increused
virus propegetion it is ‘perhaps logical thnt the inclusion bodies were
evident in coé'ﬁ 2t six days. It would seen therefore that the [inding
of these inclusion bodies at six days post-infection is scmewhat un~
usual and mey resull from the fact that the virus was trapped in the

ducts snd alveali as & result of the plugin: of ducts with necrotic
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csllwlar debris, The plusging of ducts rsached its posk in cow L,
Feorogin, vwhile present in cow ¢ et three days, wes wmach more marked
and exte;usive in eocw § at six dsys. Resoluiion wog evident in cow J

at nine dsys. Ome nay conclude that virus multiplication hod taken
ploce in the alveolar znd duct epithelial cells eai)eci:ally in the lower
one third of tixe mesmery sland. The infaction probably existed for o
ashort period of time as a thelitis, progressed to & gelectopheritis

and quickly swpresd to the zlveoli producing a full blown mastitls

which could be clasgified =ccording tcﬁﬁmbaldt, Jungherr and Fluaste
ridge _(1953) o acute mostitis rrede I11I. IF specimens from field
cases of magtitis showdd similar lesions one would be led to the
dizgresie of o virsl mestltis in cows & and ¥ by the pregzence 0f ife
elusion bodies snd the 2bpence of Laeteric in the sections. In cow J
it would be rather difficuly to come to 2 .éia;_;ncmis of virsl nastitis
beseuge incluaicon bodies were net demonstrated. The lamye number of
monoraclear cells present might lead ome to sugpeet & coliform etiqlog;y
bessuge of the shift to ¢ predominsnee of agremilocytes often asseeiated
with this type of mestitis.

Of perticulsy interest is ihe occcurrence nf the lerse reaciive
cell found in the suprommriary lymph node of cow I amd in the supree
samnayy lymph node and udder tigsue of cow J, This blusi-type cell
resembles the ReedeSternber; eoll describezd ia Pedghkints dlsecse of
man and te tize.lwriters knowledre it hes been descrilied only once in the
bovine by Smith {1965) who renorted on the yare occeurrence of multi-
nuclestod Heed-Sternberp sells in lymphossecomaz, None of the cells ob-

geyved in this stud; wero multimicleated ‘ut thely lorze size, large
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vesicular micleus and large mucleous and atundant cytoplasm make theun
a very distinotive cell.

In experiment IV the vimus of enzootic zbowrtion of ewees, a virus
not of iost range, propagated snd produced & mastitis ix the lactating
btovine mammary gland., The mestitls produced by this virug waa essentially
similar to thet oroduced in experiment III by IZR virus. The basic
lesion in each instance was the necrosis of alveolar and duct epitheliul
cells, The mastitis produced by EAR virus was however, much mors
severe ard would be olussified as ecute mestitis grede 1iI, In the
IBR mastitis wilk production graduslly declined reeching ite lowest
point at about eight dsys pest-infection whersas with the BAE restitis
the drop in milk production was precipitous reusching a low ut three
days posteinfeotion, The physicel changes in the milk were ncre rarked
in the RZAE mestitis. The demonstrstion of clusters of virus particles
in seotion 4 of cow P end the fact that nearly all aress of section B
showed pethological changzes illustrated the extensive spread of the
infection throuzhout the udder in only three days. Changes guch és
the swelling of endothelial cells of blood vegsels, fibrinoid necrosisv
of vessel walls and cornective tissue clements together with the marked
outpouring of fibrin from areas of nearoais vere much more severe in
the BAR mestitis. while virus was demenstrated in the milk, by
microscopio examinastion of the milk &nd chick embrjo incculation,
evidence of its propagetion in the tissues was not dexncnastrated in oows
¢ end Ko In cow { the necrosis and rezetion was severe in all levels
of the udder. The necrosis, inflammetory infiltreation and cedema wers
rore severe than in eow & with IBK mestitis. The thromboszis of 1ynaphestic
vassels wug mmrkeé and extended inte ithoe cupsule of—Lhe SUDTRRRIINATY

lymph node.
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Blast-type cells resembling Reed-Sternberg cells end similar to
those found in cows I snd J were pregent in the udder and lymph node
of cow e Jimilax pells were found in the lymph node from cow B
Urme, ﬁhderﬁ&hl, sdken, Steir snd Young (1962) described the presence
of intranuclear inclusion bodies inm meserophoges of the reticulesndcibelizl
system produces by the virus of Log cholera belwewn five end nine days
posteinfection yet the steining of similar tissues with fluoreacent
antibody failed tu revesl the presence of nuclear flucrescence. Phiis,
together wits the fact that they were Feulgen negative, wiiald geor to
indicute that the type of incluaion descrided by Urman i gl 1s not
specific. he blastetype cells seen in cows i, J, § and & reaeable the
calla whicL were desoribed by Urman et _al irn hog oholera. Il may be
that vims infections in genersl amight elicit the development of sueh
& cell, ‘his would make an interesting project for future invegtigntion,

The inflammstory responge in cow § was predominantly aononuclesr
end here ogain one wvould conceivably heve ¢ifficuliy in diztinguisldng
the petholegy produced by WAX virus in this cow and in eow I fro:.that
produced in colifcim mastitis. The fimding of clusters similsr to
those in cow P would lead ome to think of a virss infectlon cuused by
& nember ol the psittacosis-lymphozranuloms group. the eximiantion
of Foehisvelle sbtained amenrs of milk sediment would be of value 1T
guch an infection wos suspected.

Fron the results obtained in saperinents ITI1 und IV it is suggested
thut the epithelial celis derived frum the tovine udder adsne be REe-

ful in tho tissue culture propisaiion of certain viruses.
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SUEHIARY
Unguccessful sttempts to produce mestitis und to propugete the
virus of lapiniged rinderpest and influenza & PRE in the lactating
Yovine mammary sland are described. The viruses of 1BE, 8 virus of
noet renge, and of EAR, a virus not of host range, propagated and pro-
duced mastitis in the lacteting Yovime mammery gland. The basic
lesion of the mastitis produced by -oth of these viruses resulied from
the neerotizing elfect of the virus upon the epliielial gells of the
alvecli end ducis., The nmastitis produced by BAE virus was more gevere
than tham producecd by IBRe In certein sisges the lesicns produced Ly
both IBH and EAS viruges in the udder could be coniused with those
produced by coliform bacterdu. Cf interest was the appesrmnce of a
large rezotive cell, resembtling a feed-Sternbery coll, in the udders
and supremmmiary lymph nodes of cows kilied at three and six days

post-infection with both IUR snd BAD viruses.
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APPEELIX 1

This appendix conizins tracings of whole cross sections &y B,

~

v

y a6 D of the rignt reur quarters of cows &, 3, C, G, i, dy Py o
and H. fiot included ore similar trecings from the left resr (control)

quarters of ihe pame enimale. Conseocutive mumberins was used to

identify sections frowm thege control quariers as well, & totel of
70 sections were exsained frem cows 4, B and €y 5355 frow cows 4, B
and J snd 820 from cows, P, 1 ood ¥, making a total of 1465 sectiong.

additional seotions were cut and stcined using different staining

techniques as noted in the text,
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COW A RIGHT REAR QUARTER

SECTION C

SECTION D
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COW B RIGHT REAR QUARTER

SECTION A
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COW B RIGHT REAR QUARTER
SECTION C

SECTION D
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COW C RIGHT REAR QUARTER

SECTION A

SECTION B
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SECTION C

COW C RIGHT REAR QUARTER

SECTION D
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COW G RIGHT REAR QUARTER

SECTION A
SECTION B




COW G RIGHT REAR QUARTER
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COW H RIGHT REAR QUARTER

SECTION A

SECTION B
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COW H RIGHT REAR QUARTER

SECTION C

SECTION D
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SECTION A

COW J RIGHT REAR QUARTER
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COW J RIGHT REAR QUARTER

SECTION C

SECTION D

T 74

L g4




COW P RIGHT REAR QUARTER

SECTION A

SECTION B
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SECTION C

COW P RIGHT REAR QUARTER

BB & §-54:024

SECTIONS 130132
SKIN AND SUBCUTIS
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COW Q RIGHT REAR QUARTER

SECTION B
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SECTION C

COW N RIGHT REAR QUARTER

SECTION D
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