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he thesls is divided inbo three pavrts. The first 1s a deseription
of Llynphosarcoma or lymphetic lewkaewis in the dog and catb. ~ The second
i o report of tronsnlssion experiwments with lywphosarcome of the oat.
Pha final part is a description 6f a serles of experiments deslgned to
calibrate and évaluate an electronic particle counter for use in ox-
perimental hasmabology in the omt.

Port one of the thesis iz In two sections., The initial ssction deals
with Lymphosarcoma in naturally oocurring cases in the dog. ‘This 1s one
of the most important malignant conditions encountered in this species
and lg a neoplastle dizease of the adult enimal which is velatively short
in duration. It 1s charsoterlsed by the sbnormal proliferation of eells
of the lymphold serles on sites of lymphold tlssue together with in-
Siltration and invaslion by twnour eells inbo many organs and Lissues
throushout the body.

One hundred and 1Tty doge which had been adunitted to the Universlity
off (lasgow Veberinery Hospital suffering from Lymphosapooma formed the
basis of the study. Tachh anlmal had been subjected to a full post-morten
exemination, The morbid amatomy, hlsto~patholopy, haematolopy, blood
blochemistry, radiclogy snd clinical deba in this group are tabulated and
also desoribed in the text. A olassification of the disease 1s proposed
vhich is based on the distribubtlon of the major lesions. Thils clasgsl-
fleation is pardicularly unseful from & clinieal viewpoint, since the two

gomnon forms of the dizease are asgociated with distinctive syndromes




end hava thus to be differentlated from two different groups of dilisease.

Three forms of lymphosarcoms are recognised. ‘There 1s a mul’b:ta@nbric Lype

which is sssociated with hilaterally symmetrical enlarsement of most of the

superficial lymph nodes and with hepatosplenomegaly. An plimentary type
1s found whilch is charasterised by tumour Jeslons elong the alimentery
tract and/or gross infilbtrvation of the mesenteric node, but there is no
inflliration or énlargement of the superficial lymph nodes. In both of
these forms of lymphosarcona othier ovgens and tdepues ape inveolved to &
grester or lesser exbtent. The third fomm of the dlgease, the so~called

aberrant type, 1ls relatively rare and tumour lesions are found iIn gites

other than the superfleial lymph nodes or the alimentary-mesenberlc area.
The multicentric and alimentary forms of the dilsease together account for
approximately 044 of the cases in this serles and they ccour in equal
b ers .

On the basis of & quantitablve study of the post-moriem hisbology of
affgoted Llymph nodes and lesions of the alimentary tract, dlagnostic
cr:t:te_ria have been determined and are presented. ‘The esgential dlepnostie
markers in the common forms of the digease have algo been sstablished end
arg describad.

Althouph abneormal changes in the perlpheral blood are frequently
.observed, they are seldom gpeelfic, A true leukaemia, comparable to
levlcaemia in men, 1s uncommon in the dog, so that blood ig of little

value as a dlagnostic tool. Furthernore, the useful norrelations which
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have been found in man between the duration of ovért haemopoletic tumowrs
ani such factors a3 the degree of differentiation of the dominant tumour
cell, mitotic rate and the age of the patient are not correlated in lymphow-
gayrcoma In the dog and are of no valne In prognosis in this disease.

In the second section of part one there ig a description of
naturally ocaurring cases of lymphosarcoma in the cat. The wmelthods of
study and presentation are similar to those of the previous seotion. With
cervaln exceptions the disease in the cat is simllar Lo that in the dog.
The three forms of the disease which are observed in the dog are agaln
found. A Tourth lype 1s also recognised. This 1s a so-called thymic
bype, waleh is assoclabted with e gross bumour mess in the anterior media~
stinum at the site formerly ocoupled by the thymus. In this form of the
dlugase, the tunour of the anterior thorax is the scle wacroscopical lesion
in the body and is accompanied by a characteristic respiratory syndrome.
Spase-ocoupying lesions in the anterlor thorex are alsc observed in
certalin other cages, but hecsuse of the presence of superfilaial lympha-
denopathy, these ave Included in the multicentric group. As in the dog,
lymphosarcoms in the cab is essentlally aleukaemic.

Part twe of the thesis comprlses a prelimlnary report on intitlatlon
axperimonts designed to transmlt thls disease by lnoeulating newbhorn
kittens with preparations from sponvanecus and experimental cases of the
disease in thig species., This is port of a long~term reseaych programme
vhich 1s being carried out at this Hospital to best the hypothesis that

lymphosaraoma in the domestlie mammals is caused by a virus.



Following the injection of newborn kittens with preparatious from tumour
tispuas of twe fleld cases, lymphosarcoma developed in animels in two
experiments. The latent periods have been between 9 and 4% months.

In further experimentd, preparations from one of the experimental enimals
which developed a Tfoxm of lymphosarcoma Indistinguishable from a mualii-
centric case were injected into newborn kittens. One kitten developed
lymphosorcoms of all the marrow savitiles at the age of 3 weeks. Other
kittens which have died have shown ¢eliular ohanges in the Malpighian
corpusclesa of lhe spieen which are comparable with early lesions of lympho-
sarcoma as observed in certaln [leld cases of’ the dlsease in the catb.

Virus-like particles which arg siwiler to those cbsarved in experi-
mental leukasmla in mice have heen found on electron micreoscoplesl
examinationg off the tumour tissues of two of the experlmental cals.

Part three of the thesls contalny a deseripiion of fthe calibration
and evalvation of an eleéctronic partiels counter for the estimatlon of
total erythrocyte and total leucoayte counts In experimental leukaemia
of' the cat.

The experiments included a test of the reliability of the lnstbrument
snd the deberminatlon of optimal threshold settlngs and slectrical currents
for the bwo types of blood cwells. Comparisons were madas hetween the
electronic method and the traditional haemocytometer teobnique., The
variations amongst slectronic counts of the same cell suspensions and

also the variations amongst counts of dif'ferent cell suspensions




propared from a glven blood sample were next established Finally, the
pevformance of different techniiclans wlith the same blood samples wers
compayed.,

The reaulis of these experiments were subjected to statistiaal
analyses and 1t was concluded that the elegetronic method was highly
aacurate for lotal evythrocyte counts. Uhllat zomewhet less accurate
for estimating the total leuwceocyie counts, the new teohmique compared

very favourahly with the braditional method.
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DARX,ONE,

VATURALLY OCCURRENG LYMPHOSARCOMA OR

LYMPBATIC LRURAEMEA OF U5 DOG_AND CAL.




LYMPHOSARCOMA OR LYMPHATIC EUURARMIA OF THE D0G.

INTRODUCTION.

Lyaphosarcone 45 a veoplastie dispeace which 1s chavacterised by the
abnormal proliferation of eells of the lympheld gerles and is assoclabted
with vipible changes in the silse and atructuve of lymphoid tiesue dug to
the fommation of relatively umiform and Infiltrative sheats of lywphodd
tumouyr cells. Dilserete metastatic tumours and diffuse infiltravion by
curoury calls way be found in wemy other orgens and tissues. IF this is
accompanied by quantitative ox gualitative changes in the Lywphodd calls
of the peripheval blond or iafiltration of the bope mavyew, the texm Lyme

phatic Leukaaewela ie peymissible,

Iymphosarcoma {5 one of the most imporiant malifoent condlilons observed
in the dog, Cotchin (L954), Meiér (1957). It 15 a dlsesca of cowpavatively
shori duration and it is £atal. Little is known of iis pathogenesis, and

even leps of 1t3 acticlogy.

Reports on this comditlon in the literature are somewhat coufusing due
to the application of teyms borrvowed from a yathey Llledafined human nomenw
elature, Yhere lg, therefove, sn advantage in storting with an ocutlline of
the disease complex in man, so that the veterinery nomenclature can be betiew

appreciated.



HARMOBOTETIC FUMOURS IN MAN,

At the dyespens flme, malignant disesse of the haemopoletis tissue s

divided into 2 appaveatly distinct groupsi- 1) Ihe Jeukeeaias and £)

Tuwwours of Lymphold Tissue.

laukaenia was a toxn flrst coined by Vivehow in 1846, to deseribe a
fatal disease in man,which was chavacterised Iy splenomegaly together with
pecliic changes, both quantitative and dualltative, in eells of the parine
pheral blood., %ater, it was established that this was a diseass of the
hacmopoietic tissun asvociated with abuormal proliferation of blood gells,
oy blood gell precursors, in hasmopciletlc contres o other sites throughous
the body, and that blood changes were not an isvaviable finding. The word
levkacwia pevsisted, however, and giadually bacame a convenlent nonsspeciflc

gemevic berm comparable to the term enasmla,

S8ince an esgential feature of leubaemla is neoplastic growth of ona
o moye of the ¢all types fouwl Iln haemopoletle Cissue, 1t has been €ound
possible to classify it by the peedomlnant tumous call present. The following

bypes have been reeorded In wan {(Modlified fyom Whithy and Bpliton, 1053) i1~

Myalold leukaemia, acute and chycenic,
Iymphatic leukaemin, acute and ebrenic.
Monagytde leukaemia, acute and chrowie.

Atypileal and wized lenkaswmdian,

Polyeychemia Vera and Myelomatosis might also be dncluded dn this list.



Good correlations have been established between the duration of thig
disease, the maturity of the predominsnt twnouy cell, and the age of the
patient, When apsoclatad with an wndifferventiated or stem vell, the course
of the discase is shopt, tending o he faval within a few wacks or monthe
after onset., This type 18 most ecommon In children and young aduits, Where
a move nmature fugour cell iz discovered, the duration is %ery wmuch lopger
and patients ave uswsally in an older ape grouvp. Doceuse of thege wather
close welakionshing, the terms Acute aad Ghronie hove been introduced, hut
it should be noted thal thede descriptlons ave essentially clinleal ond
meandngiul in proguosis. In Doth of these types, a very common flading is
widespread Lnvolvemont of bone maveow, although the pewipharal blood plotuie
way vary. When the absolate hlood count of the levcooyie, which is ine
criminated fn the neoplastie process, is mueh highor thon normal this ds

deseribed ap levkaswmia, If the absoluie count dv within pvesmal limits the

blood pieture Iz gleukacmic and this state can alse be tesied pseudo-icukacmio,

Sublenkacmla soparently refers to cne of two £indings, a) aleukaemia where

WErS

elunenlating lumtore cells ave observed, f.e. oue pattern of acuie leukoemia,
or b} a persistent vhtlte blood count of less than 30,000 pex eu.mm. where

the eells ave all watere In cype, 2.e. a chronic type.

The phenowsnon of an locreaged wbite blood cell eount s termed lcuege
gytosla. 4t is oot ascociated solelywith maligoant dicease of the haenoe
poletic system, bul 1o ivequently temporary in waburve snd aceompanics various
Infectious processes. If both the neubpoplil and the Iymphonyie count 18

ralsed,/



valged, this is called on Abeolute leucocytosis. Where only the polymorph

count is increased, the texm employed Lo Neutrophilta; and Lymphocytosis
refers Lo an absolute incvease dn lymphocytes alome, The sowcalled Feoukuemodid
blood ploture s used to desexibe a wove lasting rise in the absolute count
yhich ls often apasociated with towxie gtates, infective conditlons ov malipgnant
diveases in goneral., 1t has been cetublished that such noumicukscwic haemae
tologloal findinge can almogt lwvaxlebly be differentiated £rom tyue levhaenis
by bone maveow blopsles.

Taukdemlag, therafore, have become elassified in 3 weys, 1) according
to the pradominant tumour eell present, 2) frowm the degree of tumour cell
diffeventiaiion, but actually becauge this iz welated to the ducatilon of the

1liness, and 3) on haewatological data.

Angther wost lmportant group of maligoant discases in man is that of

Yumovrs of Lymehold Tigsue, These ave unt co commonly assoeioted with perin
pheral blood cell changes and bave beeun claggified almost entirely ou a
histological basin, JTamb {1954), in a monograph on a series of sueh cope
dicions, which wers obgerved at the Westnlpstey Hospleal, london, betwean

1940 and 1932, deseribed & tumour types as Followss 1) Felllicular lywophoma.
23 Lﬁmphesarcoma, ineluding a) lyephoblactoms, and b) lymphooytoma. 3)
Reticulun cell savcoma (lymphosaicoma of retienlum cell typed. &) Reticolen
Tymphoma (Bewdpn Hodgkin'a disease). 3) Hodgkin's diseose and 63} Anaplastic

pareomg of iywphoid tissue,

Folliculor iviphoma (oyn. Folliculer lymphoblastoma, @lani follicular
lymphoblagtomna,/



lymphoblaatoma, Lymphodd follicular reticulosis) is believad to be g tumcur

of low walignancy with a high potential., Iocalized onlavpemonta of Iymph
nodes ond splencmegaly are found. HWistologieally, the enlavged modes have
lopt thaelr wvsual corticalwwedullary avranpement, becoming packed with large
and frvegular "foliieles' which have compressed the slmuses, This condition
beays g superficial yesenblonce to a reactive lymph nede. Dlagnosis 1z based
on wmedallacy Ipvasilon Iby folliclas, sbeence of sinuses contailving inflammabory
galleg, and, most Jwpovtani, the absence of macrophapes aud the waciley of

mleotic figuves wiithin the soegalied pevminal centres.

Iymphesavcons {syn. Iymphoblastoms and lymphocytoma) is assccolated with

lymph node enisggement of the neck or abdominal nodes. Splesomegaly vccurs

in 50% of the caces whilst gross Zoel of lynphocyte proliferation in bone
marpow &n poved in 25%., Many othew oxgans and tissues may be infliirated
includlng the okin producing the conditlon termed Mycosis Zungoides., Histon
loginally, lywph node architecture is lost and replaced by uniform cheety of
Iymphioblasts oy Lywphooytes aeranged on a fipe stroma of retleulln £ibres with
a gupporting $lne vasculay unetwork, Trabseulay infilevation sud lnvasion of

the capsule aud the pevieaodal reglons 18 very comnom.

Rotdeolun cell saveoms (syn. iymphosarcomae-Relioulum cell hype, Retow

thelsarcoma, retieulopytoma) is chayacterised, histologically, by ondform
sheets of petivalum colls, which weplase the normal tissue of an affented
node, Multimicleats colls ave vave. Fibwosls and neorosis may be features,
The coadivion may sbart in nodes of the neck oy o bone warrow and become

weltlcentrie, It s an upcomson, bot higaly wallgiant disease,



Rebionlar bwephome (syn. Hodghin's paregranuloma, Lymphoeraideulavs

medullavy~retlcnlosis, Barly Hodghkin's disease, Benign Hodghin's disease)

is conpidered to be the priwmary stage of true Hodgkin's diseasa. I de also
vncormon (5.1% of Lunb's geries). Iyoph nodes have bean found to be the only
pite of this discasa go fan, The picture s one of sheeis of Iymphocytos
dotied with isolated revicvlun cells, some of which may be bienucleated,
Capaule Invasion does not oecur and necrosis is rare. There i wore evideuncs
of collagen formation than ilu lymphosarcoma. The duration of this type may
bae up to 10 te 15 years, although 1t may quite suddenly beoeoms much more

maligoant and deterlorate into tzue Hodgkin's discase,

Hodokla's disease {(ayn. Hodgkin's pravelows, Iymphadencwn, Lyrphogranulowma
malignum, Pibzowyeloid wedullary vetilculogis) iz by fdr the most Important
type of lymphold twmour found o man and qocouwnted fow 46.1% of the Westw
mivster seriss. Any or all of the lywph unedes may be enlavged sod the spleen,
Liver and bone mavrow avxe also often affccted. Skin infilivation is common,
zesulting o avother fovm of Myeosis foageldes. Iesions along the alimentany
tract ava seldom found in comporison to Lymphogarcoma where alimentawy Lumour
formation lz a feature. The blood pleture varies, but it is never diagnostic.
feveve suboterminal anasemils develops, Histoelopically, theweare 1) dastruction
of the nowmal aode avchitectuve, 2 proliferation of retlculum cells and
charagteristide glant cells (Dorothy Reed«Sternberg cells) which are found in
relatively high dumbews, 3) Fibrosis da the leslons, aud 4) the pwesence of

eosincphils and plasma galis.



Anaplagiic sareoma of ivmphold tiscue (syn. Lymphoblastic retlenlogareoma,

Ansplastic sarcoma of ivmphold tisoue (syn. Lymphoblastie retlculosgareonma,

Fodgkin's saveoms, Stem cell savcome}, This is the final cowmmon patbway of
the fovegoing types vhich becows mmaplastic and completely undiffeventiated,
IT hewe has boen a long history, backed by Lymph node biopsies, one wmay be
more speclflic in the dlapnosis e.g. Hodglhin's sarcoomg, but it is doubiful if
ona can tell the precursor type ia nosl cages. leslony conpist of latpe
highly invasive ponseusapeulsted mosses of tumowr tilssue compozed of pleoe
worphic stem cells. Focal hoemowrhages and aveas of neeresis ave eopmon,
Ulceration theough the skin is noted frequenitliy: a rave observavion in the
othor typas of Iywphoid cumeours, The condition is highly walignant and of

ghort duration,

The outstanding features of this clasgification ave not only Lhe histow
logical differences botween one type and another, which pexrmii a spepific
diagnosis in mopt cases, but alao the fact that the histology and the duvation
of the disease ave closely linked. Thus, from a histopatholoplstts weport,
it is posalble te predict, Lo some exbent, how long the patient Lo iikely to
live, ITu the Westninstey sevies,ths percepbape of each tyipe which survived

tov 3 yoeaes Following dlagnopisie

folileelay lymphons G2.5
tymphosareoma, over 3% yeavs 22422
Lymohosergoma, wder 35 years 12,50
Reticalum cell saveona 12,50
Retdoular Lymphoms 60,0
Hodgkints disaasnce 34,96

Anaplagtic sarcoma of lymphoid tlecue 3,26



Thus, from the twmen patlent's viewpoint, folliculay lymphoma o
retienlar lyuphome ave vastly different digeases frowm lypphosarcoma ov

snaplastic sarcomna.

Baviier, in America, 2 fainly complex nomencilature and classification
Of wwaours and tumouze-like eonditions of the Iymphoeyte, the myzloeyte, the
erychroeyte, aud the yetleulum cell had been ereated for the Lymphatic Tuwour
Regisiry of the Amevdeen Associatilon of Pathologlsts and Boaterlclogists. A
veport baged on this elassificatilon was dssved by Callender {1934}, Thiz
gseems o bave been an attempt by nonwsclinlesl and noocewperimental patbow
logists o dvay up a super classificatlon to dnclude eveey possible tumour
angd fumovr-lile condition. Three principal phenomena weve mecognlsed, These
vere 1) Reactlons, 2) proliferations of uneoplastic type and 3) malignant

amgonys,

The wain sriticisms of such a palvstaking classification ave that it
was highly contvoversial, possibly asstiologically wisound gud of litile value

£o the clinician,

Gall and Mallery (1942}, euwpiessing dissatisfaction with the classification
used by Caliender, presentad a list of iymnhoid tumours vhich they teimed
maddgnant Iymphoms, apparently in the hope that the iovpvation of this
innocuous term might ofiffend nowone. %The typas they listed on histological
gprounds weie as follows:e 1) Btewm cell Iymphoma, which included a}) a
gyneytial type and b) a diserate celld type. 2) Clastsicoeyte lynphona,

3} Iymphoblastic lymphoma. &) Lymphoeytic lymphowa, 5) Uodpkin's ILymphoma.

6) Todghin’s sarcoma. 7) Folliculay iymphoma.



These workews noted that the first 4 in the list presented leslons of
unlform cell gheets with centxifugal invasion, ©On the other hand, the €iual
three typas presenied mngre couplex celiunlar patterns and much less evideuce
of local duvasiveness, OCompared with Tunh's later cluassificatdon, there is
broad agreement. Agaln, the eignificance of Gall and Mallowy's wonk s that
the types they listed were meaningful for the progmosis of the individual

casa and they were all malignant tunours.

Trowm all of the foregoiung it i clear that, so far as neoplagtic disease
0f haemopoictic tissue ig conceraed, the two groups of diseases, Laukaemiag

and Lymphold tumours, ave fLalrly distinct except those which involve lymphow

blzete end lymphocytes, i.a. lymphatic leubasinia and lymphosarcoma. There
ig, today, wide agrecment that, histologleally, these two diseasges are id-
antical (Enll and Mallory, 1942 and Tuamb, 1954), However, the view ls still
held by some that lymphosarcoma io a Iecalised and very destructive disease
process which ls much mwore invagive than lymphatie leukeemic iunfilivations

(Robbins, 1962).

The tern Rotienlosis han been used to describe lymphold tumours iu
sowe rireles. Yoday this term is obpolete and nonespecifie. Luwb defines
t as "a reaction to various stimpll of those mecenchymal cells found
scaiterad throughout the body as well ag being localised in certaln wells

define sites such as the lymph wedes, bone warvow, liver and spleen.”

HAEMOROIBTIC TUMOURS IN THE DOG,

Tumeurs of Lymphatie Pissue Showing Cellular Uniformity.

The eavliest yeport in the Britiszh literature was by MeFadyean (1903).

He/



He described a disease which wan aspociabed with gensralised Lymphadenopathy
and splenowegaly. Histologically, the lymph nodeg and spleen were alwost
completely veplaced by sheets of unlfozm Iywphoid cells, Ereelleot photo-
micrographe wore publisbed confirmlng that the diseage was wndoubtedly com=
parable to the lymphosarcoma of fawmb or Lymphogyilc lymphowma of Gall aund
Mallory. Dour dogs and ona pip weye studied, but in only ocne dog did
HMeFadyean bave an opportunity of cavvylong out a full postemoriem exewination.
This worker was fully awave that the disease was uet Hodghin's disease as
found in man, and gave histologleal eriteria for Hodgkin's which ave perw
fectly valld today. Unforimnately, the title of the paper was “Five cases

of Hodgkin's Hisease In the Lowver Aninmalsg,?

Another case in the dog wano desceibed by ¥Hobday (1911}, 7This was
confirmed as ktypleal (of Hodghin's) by MePadyean. I was reported as
aleukaemic, Although the desewipiilon Hodghin's or Pseudo-Hodgkin"s has
been condamned (White, 1945; Jewmniangs, 1953}, these terms ave stlil in

uge, Ivfan (1958), Wilking: {1958},

The term Xeukacwmia was uwsed to deseribe a tumour in a bulldog by Shaxe
Jonas {19273, This was thought to be associated with a previous lajury,

1]

but neithery histologisal nor hacematologilcal data were glven,

Whice {1948) used the term louhaemia for cases which were chavacterised
by grose generalised lymphadenopathy, cplenomegaly and infiltrations into
other tissues, No detalls of post~movtem or histologlical sxaminations were
given., Forty-four cases, all aduli anlmals, had been frund duviapg the 2
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yaar period 1938-1039%, giving an incldence of 1.8% of all antopsien aavviad
out on dogs. The lucidence of other tumours, particulavly malignant tuwmours,
was nott glven, 10 dogs, nearvly 25% of his sevies, were Scotiish Yerrilers.

Tn gome egases a "leukaemold™ hlood picture (Nevirophilia) had been observed.

Inues et al (1846) investigeted a sevies of 30 doge presenting sipns
of auperficial lywphadenopathy and hepatosplenomepaly. 17 of them ware
gubjocted to a postemortem examinavion., No sexr incidence was noted and
only adoult animwls wore affected., 10% of the dogs in this seies were
Scottish Terviers. A brief, but adequate, descripiion of the ayndvome was
presented. It was obgerved that Lymphadenopathy often preceded other
clinical symptoms and the preterminal stapge was attended by mavked emacilation
and localised cedema. They observed, on esmvwination of blogd, "tree leuksemia,"
"sleuknenia” and o "loukacwoldd pleture.™ Avnscwmis was common, The worhid
anatomy followed a dietinetive patiexn in each case, i.c. generallsed
lyaphadonopathy, splenonagaly (except in one case) and hepatomegaly.
Transudates date body cavitles were seen. The kidneys and hone mayrow were
often involved. Thymic lesions did not vecur. Affected nodes showsd a
uniform hyperplasia of cells of the lymphioblast type; there was a high
witotic rate. TFoeal haemorrhapes and necrogis were present, T the spleen
the usual siructures were largely replaced by sheetiz of Lwnouxr cells, A
corvelation was clalwed to exist between frank leukaemia and a severe marrow
infileration. In the ease of the other blood pictures, the lesion in the
marvow was theught to be diffevent, bul this difference wan not degcribed.
Affected livers were characterised by infiltwxation of the porital triads and
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with pevenchymal foel, The displaced hepatic cells had undergone pressure
necrosis and the sinuses were believed to be pachked with tuwour cells only
when blood changes weve present:, Kidpey lesions were mainly digerete cortical
£oct of lymphoblaste, or diffuse interstlilal infiliwation along the juxtas
nedullary areas. Io theldr discussion, they made certain observabions as |
follown o

1)  the need for wore accurate data on the discose,

2} the terms scube and chtonle could not be used,

3} the bhlood picture mirrored the courses of the disease within the body,

&), lewkasmold Llood picitures complicated the haemotologleal data,

-

53 the pathogenesis remained cbseure,

6} iInfllivatidon of the netvous system was not observed in any case,

Jeonings (1953) deseribed 8 cases 1n the dog of superficial Lynphos
dennpathy and gplenomegaly which he termad Canlve Leukaewda (Yymphadenoeis).
Five of the cases werce subsequently examined postemortem, 8ix of the animals
in the sevies were Seottish Terriers. The age ineidence wag between 3 and
7 years ond the sex ratlo was 5 males to 3 females. Clinleal observacioms
vere nof gilven In any doteil, A total of 192 blood samples was taken., All
cagses presented a pormochromie and novmeoeyilc anaemla; associlated with
civeulating normoblasts, except one which showed a macroeytic hypochromic
type, The mean total white blood count was within nozmsl ranpe and the
highest count was 25,000 cells/cu.mn, This was a leukaewmoid piciure {ueutro-
philia), Two dogs had a lymphocytosis and the remainder had norial prope
egtions of leucocyies, No primitive cells were geen. dymph nodes weze

enlargedf



enfarged wp to 3 = 2" x 1Y, ‘They weve #irm, smooth and webile, sometimes
with assoclated local oedema, On section, they were a greyish yellow colouw
and withoui cortivomeduliary differenciation, ool of vecrosis and haeme
orvhages were found, The tonsils in nli cases were enlarged, Spleans were
plum colomred with grey warkings and yere up o § times the novwmal weight;-
The capsules wore tense and the contents seml-llgudd and greyish red.
Malpighlan corpuscles were absent macwoscoplecally. In 2 cases, band infarcis
ware noted., Iun three of the dogs, the livers were enlarged with rounded
edpgen which extended behind the coscal aveh. They wewe wotiled and one
ghiowed unzalsed vellowishegrey leslons about W in diameter., Asaites
aceurrad in 2 of these cases, Tn all § dogs, the mesenteric lymph nodes
were enlavged. fong, kidpney and wavrow leslong were obsevved, but ao
changes wera notoed in the G.N.8, This worker emphaosised that no evidenee
of fibvrosis ond a0 mulitinucleatad eells were seen (ef. Bodgkin's digease).
Ta the disceussion,he wade the followlng polntgie

1)  fevkaemia was lymphogenous in the dog and mosi of the earlier
accounts were of an identilical disease, although the blood pleture wvaried
somewhat.,

2) He coudenned the terms Hodghkin's or Pseudo-Hodgkinle for this
eondiiion,

3) fe could find o anthentieated report of wyeloid leukaemla 4in the dog.

4) He algo drew atteniilon to the £fact that blood examinations bhad lititle
diagnopile or prognoailc value, basing hin opilnlon not only on his own small

gexiea, but on edariier continental wovle,



Cotéhin (1954) classlified 1,150 tumours from dogs examined during
the period 19501053, IF one accepts the mow widely held wiew that lyuphow
savcome and lywophatic leukzemie ave indistinguishable, histologleally, chen

06 {B.3%4) of the cases iun his pewipgs f£all into this categoryl-

Lynphatic leulosis &40
Thynilce Lymphosarecma 5
Magenteric node Iymphosarcoma 5
Intestinal lymphosarcoma . 23
Tiver lymphosarcome i
Riduney lyaphosarcoma L

Cases vhere the terwms intestinal
ymphosarcons, thyuic bumonr o
Tymphatic leukoslis were not

indicarved 1%

Total 96 casas.

Thig serles Included benign tumours as well as puspected and Frankly
malignaat neoplasme. From o histological standpoini, this method is
perfectly permimbibie, bat, clinicallyy there 1z a disuinet gulf betwoeen
a disease which is ultlmately fatal and one which is not. 1If one attempts
to estimate the number of cases in the “lymphold group" as a percengage of
the probable wmalignont conditions, then the ineidence of this highly fatal

disease assumes grealb glgnlficance in Cotchin's data.

The lavgest single serics of cagses of Lymphoild &rwuours in dogs siudied
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in depth to date in the UK, was that weported by Zrfan {(1961b). Ha termed
the disease Lymphatic leuvkosis. Tlfgy-siz dogs were ineluded. Forty-four
lymph node Dicpaiaes vweve carrded out, and 28 dogs were subjocted ko a poste
mortam examinaiion, ALl the patlenis were adelts, 2 - 14 years of age, and
the peak incidence wag ¢ yoeaws. Eighteen different breads were affectaed,
but approximately 15% (8 cases) were Hcottish Tevriers, The sex ratio,
males to females, was 353:21, Climically, all cases presented bilatexal
enlargement of palpable lyamph nodes which wore well defined, painless aud
mobile, %The Iyapb nedes in the throat wewre usually the £irst to be found
increased dn slze and an enlavged spleen was palpable in 10 cases, One case
swrvived 12 months, but most were destyoyed vather carly, oue suspects, Ffrom
the mild pyndeome which was descyibed. Tapregsion: smears wewre made when
lymph node bilopsies weve cargyiled outi. In such dwpriots the wmajority cell
was a lymphoblast with 2 to 3 mueleolil within each nucleus, Mitoile flgures
ware oaly seen in some cases. Yrfan presented details of the haematological
data and found thyee distinet blood pictuven. There were & dogs which phowad
lenkaemien, 17 dogs which showed lauBooytosis and 20 doge without levcocytosis.
Although not clearly defining hLis tewns, he claspifled the levkaemic eages
into 3 types, subwacute, chwonie, and scuie, In all three cases af the
so«called chironle type, there Were eireulating inmsture lysphodd ecelle, No
data were offeved to suggest thal these subdivigions were linked to the
elinical piletuve lo any way. Most of the lencocytolbic casas had a neutvo~
philia and half of them had an accompanying abhsolufe lymphocytosis, In
most of the cases In the third mein grouvp, the normal range of total white
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blood celis was found, but § of them showed a2 modevate Iymphocytosie, Frow
the postemortem data given, the disease appeared to be identical to that
deseribed in the litevature earlier. Uowever, this worker adopted the axe
treme viev that Lymphabic Leukosis was only associated with a lymphoblast
cell type, and considered that any case, vhere othew Lymphold celle pre«
dominated, shonld not be ineludad under this title. The lywph vode iwprint
technique was stvongly advocated as a dlageostic nawker and an incidance of
true leoukaemia of only 30% was conslderad usefiul ag an aid o diagunosis,
Trfan obsexved 7 casess of lymphosarcoms. He elazsed them with those cone
ditions, othexr than lyuphatic Ieukocis, which caused enlavrgewment of the
lymph nodes and veported that "theenlargement was confined to the mandibulax,

preccapular, inguinal and mesenteric Lynph nodes,”

in the United States, the earlisst auvthentic report of @ casze of this
disaase way have beean wade by Milks and €oldbewg (12193, This was a dog
prasenting enuciatlon, external Iymphadenopathy and abdowinal mesges., It
was ansemic with a total leuscceyte count of only 7,200f/cu.mm. On posteporiem
examination all lywmph nodes were esunlavged; there was splenomepgaly and the
warvow way infllcrated. Iesions were cowposed of sheets of uvniform Lymphow
cyies. . Necause of the blood pleture, which was aleukaenmic, this Adisease

was termed Pgeudo=loukaemia.

Spaulding {1920) described ¢ cases of leukaewla and 7 cases of noendos
leukaenla waleh had been dlagnesed in 15,000 clinie dogs over a 3 year interval.
There dg little doubt that some of the cases were hacmopoiztic tumours, but
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1o histological data were glven., The sole haemograwm which wags described
dn detail, and belleved to Le leukaemic, would not be dlagnosed as such at
the present time. This avticle was severely cviticlsed by Bumnett {1920)
who stated thai "to be accepted the dizgnosis musi have been bused on data
sufilelenily detailed apd clear te be undewstood by other membexp of the

profession.' Fot all bave heeded this advice since then.

Feldpan (1932) described Lymphoblastoma as & malignant disesase in vhich
guperficial lymphadenopathy was ueval. Thisz worker "observed cases la which
lesions wera extensgilve in thé thoracic and abdowinal viscera, but without
auy apparent Incpease 1u the palpable lymph nodes of the bedy." in bis
opinlon, such cases were exceptlonal, Iesukacmla was regavded as one manis-
festacion of the disease which occuvred only in a small perecutage of canes,
but he recommended blood exaninations to differentiate lywphoblasiows from

myelogenous leukaemia and chloroma, both of which he rvegerded as rore condliions.

Reports of other individual cases which vere diagnoesed histologleally
have heen publiched, Milks & Olafson (1929); Bradbury (1949); and Kbuen
{1947). Othew reporie on single caseg have lacked the essenilal histological
data Lov pogliive dlagoosls, Lxamples of these are Gollins: (1939); Cherry
(1940); Ackinson (1941) and Combe (1947). Rook {1%47) descvibed a case which
may well have been iymphosarcomz of the mesemnterie lymph node, but histological
data were amitted. Konde (19473 described 2 cases fxom the same owner, oue

of wirich may oot have been a beemopoletie tumour.

Bloom & Meyer (1943) described lymphold tumours in a sexies of 20 dogs.
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Blloteral supeviilicial lyaphadenopathy occuried in cach. Details were plven

of the elinical picture, haewatology, lvmph node dwprionts and marvow gtudies.
Thay proposed 4 aviological categowvies for vhely casesi~ 1Y Tyuphoblestic
type, § capesg, 2) Iymphosavcomatous cell type, 1 case, 3} Mized cell type,

4 cases and &) Iymphocytic esll type, 2 cazes, 8tem cell ILynphomas, Hodgkin's
disease and folllcular Lywphoblasioms were not encountered. This eytologleal
clapsifilcation was dopendent on a caveful Yyoph nrode Impriant techoldgus ond

by attempting to siugle one ease owt of 13 for a special class, Bloor and
Mayor falled to acknowledge the great prpbablility chae this wishi sioply be

an exawple of blologieal, or even technical, wvaviation,

They found an fncldence of 0.2% lu a group of 10,000 dogs. Ages waried
from 5 to 12 years, averaging 9.00 years. Wo sew differences were found,
Beven Hcottdsh Terriecvs were involved {(30% of the group). The duvration of

.

the illness averaged 99 days from cusetb to the time of death, In the earllest
stagen of the diseass "lumps® wewve found on the surface of the body, but the
ankmals wewe stherwilse in good health. Iater, vatlents becams Liziless and
alimentary digturbances were seen, Thivst, polyuria, coughing aad heavy
breathing occurred, Terminally, the animals were emscieted with pale mucous
matibranes and purslent oculo-nagal dischavges, DBload findings showed pro-
pgressive anaemda with cireulabtilng vovmoblacts., There were wo sigas of an
acute or chronie leukaemia as seen in men. To 21l the dogg, except one, there
was an absolute peutrophilia (Levkaemodd ploture). A discrepancy was voted

beztween hone marvrow blopsy vrasules, of which 7 cases were posisive and the



resulis of histolepgical examinatinus of sections, vhete 11 cases woeve

positive. This wag atiributed to the focal mature of the tumcur infiltrates
and it was thought thab seciions weye the more accuraie means of finding
evidence of tamousr Infllirvaiion inio the wmarvow, Good descriptions were

glven of the maln tissues affected and histological details wexe gilven of

the lymph nodes, apleen, liver, gall bladder ete, En all cases the tonsils
were eularged and affected, but no lasione were feund in the $.W.8, Bloom

and Meyer fouwnd no justification for the texm Jeukaemia and dismisged earlier
clatms that nyelogencus leukaenla had been ddagnosed. They noted the aggresaive
tendancien, such as capsular and peridupdal infilivations iu the condition

they desceibed, and gaw a simllarvity o lywphosarcoma. However, they conw
gildered that other feapures,including spleen and warrovw infiltvation, were

not typiecal findings dun Iywphosaveoma, Thay, thevefore, adopied the term
Malignant Usprephoma although the term chosen by Gall and Willowy referged to
othor specific diseass snititiesa, lucluding Hodghin's digease. Bloum and Meyer
considered that malignant lynphoma was the wost common type of haemopoietile
tumonr Lound in doge, and that 1k was a sub-acute disease ifrrespective of

the predominant tumour ccll type found.

Mailer (1957) presented a review of neoplastic diseases of &he bawmwoe
poletic system {gorcalled Leulosis Complex) in the dog. This was based largely
on data from the filas of the Depavtment of Pathology of the Anpell Memorial
Andmal UHospital Boston, Maspachusetts,, U.S.A, This asthor clasgified these

diceases as followsiw



a) The Lymphomns
1) Maligoant lywphoms » Iymphatic levkaemla.
2} Lymphogazcoma.
3% Hodekin's cercoma « Hodghin's disease.

b) Wyelogenous leukaemia

) Monceyvic leukacmia

4) Myelomatosis

Fléey-two cases of malignant lymphoms were subjected to post-morien
axamination and deialls of the snatomieal, clinical ond hacwmatological resulis
were tabuloted, This data were ln agreoment with chat of eavlier worhevs,
However, 7 of the 32 capes 4did not present superficial lymphadenopathy,
tumouy lesinng beiug confined to the abdomen andfor thorax. The tumovr eell
types recopulsed were the retiioulum cell, the lymphoblast and the lymphocyte,
but no relaclonship was found betwean the duration of the dlsease and the
predominant cell type, Whe term leukacmia was admisgilble on hilood examination
in only 4 cases., When lymphocytosils and circulating lymphoblasits wese
obgerved, no differences wewre found between the lymphocytes in such cases
and chose 1o the blood of healiby dogs, emcept that the larger cells were
mach more fraglle, The vemaining 38 caces wewe aleukaomic, but granulocyile
laucoeyioalis was comwon. Anasala was reve dn the series, Only patichy leuke
aemle fufilivates were observed in the bove marzow, althouph myelold hyper
plasla was oukstanding, Meler stated that the diagoosis was speldom advanced

by a blood examination.
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o was in considerable difficulty vhen diffevrentlating thils disease
from lyophosawcoma. fSimilavities were found, but ke finally accepted that
iymphesancoma was a wore expsusive growch than malignang lywohoma and was
lens widespread thioughout the body. Hurprisingly, after the wealth of
detadl on malipnant Iymphoma, this author passed wery Lightly ovaer the 20

cases of Lymphosarcoms u the files of the Angell Memorial,

The higtopathology and clinical features of ocular lesilons in 10 dogs
with maligaant lymphoma have been described by Cello and Mutcherson (1962),
The cases were oObserved duwing a survey lasting for 3 years, but thelncidence
of aye leslous wag not glven. In 7 of the dogs, the hacmatologieal £iodings
wene reputed to be subleukaemic and diagrnostic, bub the criteria cuployed in
this aepect of the gitudy were unot iuncludad., These avthors vepardaed eye
changes In this dondition ag part of the penultimate stage of the dissase
process which was precedad by othew obvicus clinical gigns, Cousequently,
iunfilivative leslons of the ayes were not regerded as usefnl carly dlagnostic

markers In this apecilas.

Reviews on waligeant lymphomes in animals and leuvkaemic aeoplasia in
the dog have been veported by Smith (19262, 1963), In a survey of 301 cases
in the dop, 5 c¢lasses weve wecognised;s 1) a Tymphoma group, 2) a Myelocytic
group, 3} =& Vodgkin's group, &) a Mastecall group and 5) a CYIV group (slc)
« gtanding for contaglous transmissible venereal tumour. In the Llymphoma
group, there was some evidence fhat the incldence of the dicease tapeved off
with advancing years, but no sowmple of the background population was pube
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miblizhed to pexmiit a gatistical evaluation of this viewpolnt. Smith was
doubeful if thewe was any relationship batween #ncldence and breed, bhut

apain, ne sample of the backprownd breed incidence was included. This wae

not poseible since the cases were derived from the whele country and a few
from abroad, In clasplfylug ehe'lymphomaa o the basis of the eell types,

it was ackuowiedged that they ranged from stem cells to well dlfferentinted
Iymphooytes and, although there wag a marked contrast between the two eutvemes,
exact clapaificdilon was a matter of personal judpowment. OF the 186 cases
reported, the dominant tumour cell was found to be a stem eall in 58 cases,

a histioeyte in 73, o iymphocybe iu 21, a poorly differentiated lymphocyte

fn 19 and mixed op waclassifiable dn 15 cases. There were Ingufficient cillanilcal
data Lo relabe cell type to the clindcal cuteome of the discase as had been

dempnstrated in Iymphoid tumouws in men by Gall and Mallopy (1942).

A review of the literature om hacmatopoletic tumours of domestic animals
Was preéented by Bquire (1964). In a descriptlon of lymphoesarcoma of the dog,
he ended "As in cattle, lymphatic leukaemia may alseo ocesr as a primary
disorder without lvinphoparcoma,' but Bave no vefersnces. Yater, Squire
{1963), in a eytologleal éﬁuﬁy of maiignant lywphoma, veporied that 2 ouk
of 20 dogs,which Lie had investlgated, presented lymphotile leukscuia as
opposed to lymphosavcoma., This distincetdon was based on the assunption
that leukaemia was typified by widespuead neoplastle inflitvailon, whilst
lymphogareona was chavacterised by discrete ¢r invasive tuwmour fovmailon.
Wistologleal detaile of thesé cases ware not glven., The cytologleal classle
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clasgification of ﬂalignant ympboma dncluded the followlng typeai

1) HWeoloeytics 2} Iymphocytle, including lymphoblastic, prolymphocytic,
and lymphocytic types; 33 Plasmacytic; aed 4) Hodgkin's, Cell types
eould only be ldentifiled confidently by examination of cell Iwmprints.
Althouwph this zuthor admitted that 2 or mowe cell types might be found ia
the lesions, he wae of the opinion that one of them invariably constléuted
a clear wmojority. He belleved that any classification of this disease
mugt wvast on cell movphology, instancing the wovrk of Gall amd Mallowy, but
omiteing to astress the fuadawenially clinlceal basils of thedr classification
of the lymphold tumowrs of wou, fHquive considered that a cell type classie
flcation was justified, since there might he a maltiplicity of actlological
agents which might be welated o the tumour cell type, He further speculated
that a eytological classification might prove of valve in the domestic

animaly as it had in man, with yegard tu therapeutlc yespovse,

In some of the early Buropean veporis, the pheunomenon of leucocytosis,
which appeared to indlcate a wmyelogenous rather than a lymphoid levhaemla,
led o gomz confusicn, Well ond Qlerve {19843 1905) were confident of the
lymphold natare of the conditlon when the hlood plcture was aleuwkaemic, but
probably tewmed the disecase myelogenous when a neutvophilia was observed.
Wivth (1220) also misinterpreted the leucocytosls indilally, but, on Tew
smamination of data, 4t was recognized thabt leukaemia in the dog wap mailnly
lymphatde, and this Included those cases where a neutyophilla was cheevved,

Wieth and Doumenn {(1933%.



Butyra ot al {(1949) gave a veswmd of the govevalised discase compilled
fteom Kuroposn gowices. They coasidered thai it was relatively common in
the dog and was predominantly of the lvaphatle type. It oceurred in adulis
and apged andmals, and wales predomivated, The clinieal features ine luded
geoss, painicss, bllaverally éymmetrieal enlarpements of mest supevflcilal
iyoph nedes with hepato-splenomegaly: Dyspuoea andf/or alimentary discurbances
were common, together with fever and avaemia. At a later stage of the disease,
therewere depression, wasting and sowmebimes oadema vhichwere followed by
death, %The blood picture phowed 3 welatively distinct types 1) Leuvkaewnic,
2) Gublaukaewmie and 3) a leucocytobie blood picture. The anatomical pattern
was ona of goneralised lymphadenopathy, splenonegaly with infiltration of
bone marrow, liver, kidusys and the gastro~intestinal tract., Histologleally,
node strachure was réplaced by sheecte of lysphold cells showing indilirations
into the btrabeeulae, capsules adad periencdal aveas, The epleen was chavacterilsad
by hyperplasia of follicies or the fovmation of diffupe lvmphoid pell shects.
Severa Infiliration of the povial triade of the liver together with streams of
tomcur gelis in sinuses were noted, The tumwours of the wall of the gastyo~
intestinal tract vere expaunsgive and stepmotle. Wutyra ek al coneldeved that,
o cptahlilsh a dlagnosis of thie conditdon, 1t was essgenbial to exanine a
stained preparation of blood, but they falled to explain how one weached a
diagnosis of leukasmla when the blood pleture was congistently subleukacnmic
ox leukaemodd, Howe, they believed, vepeated blood examinations might prove
helpful, They stressed howsver, that, In the differentilal diagnosle from
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other conditions where Iyuph node enlavgement is found, few other condiilong

produce a grogs painless and bilaierally sywmetwical enlavgement of Iyuph nodes,

Another Iymphoild tumour was depsoribed which estarted lu the medlastinal
Lyoph noden and spread metaskatlcally to che spleen, liver and bone mavrow.
Thie condiclon, thought Lo ba comcon, was regarded as "gocupylng an intere
madlave posltion bebween generalised lymphadenceils of poeuwdowleuvhuenic type

and walignant tumours.” Thie disease they termed Lymphosarcomstosis.

Recently, Bickeordn (1065) presented an epizootivlogical, clinical and
haematological repore on 00 cascs of lywphatic leukoals in dogs examined at
elinlcs throughout Bweden over an 18 wonth intewval, The overall incidence
wes helleved to be 13 par 100,000 at risk. Boxers and Scottilsh Tervievs wave
fouad to be statletically over-represeunted in the leukosis gvoup, and Dache
shunds were underespapresented. The discase described wao ainilar to that
found in the United States, the Urited Kilngdom and other Ruxopean countries,
E;ckgr%n obgsarved thyee distinet clinical phases of the conditlon and thought
that the haecmatologleal and blochemical examinations were velated to the
elinical phacco. Iun the eavljiest phase, lymoh node enlavgenent was the main
elinical feature, Iater, there were losc of condliion, ansemia and alimentary
disturbances, Flually, the anilwal bocame woribund, In 20% of the dogs,
clrenlating dwmatuve oy abnormal lywphocites wers observed as the disesse
advapead. Thio was accompaniled by lympheoytosip, bui cases of frank leuvkaemin
were vace, Lone marvow asplrates showed an dnereass in the "biast! eell count
ag the discase progressed. A corvelation was established between the pevipheral
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Lymphocyte vount and the lymphold confent of the marvow aad also batwesn

the depree of splenomegaly and thedegree of tumour cell Infiltvation of the
apleen. Lymphocytosis was also positively corveloted with Infilipation of
the spleen and liver. Seruvwm proteiuns were depressed due to a £all in albuowen,
Terminally, the alpba~globulin levels lucreased, but thers was vardation in
the gammaeglobulin fractlon, The latier was especially low where concomitant
infactiong werwe ZLovnds %Whe provocols of this study may hawve Included the
enlargament of one o more supevficial lyaph nodes as dlagoostie navkers,
since ao case of a nonwgeperalised nasure wag deseribed, Iodeed, this type

of study may specifically exelude guch cases.

Pan {1951) found © cases Of lymphoid leubmemiz in doge in Caleutta.
This wan largely a yeview article covering the literature and the aetiological
factors which have been the subject of speculation, This workew wrote it
i gemevally stated that the blood pleture usually shows a heavy increase
in white bloud covpuscled mainly due o a comparative incresse in the number

of lymphoeytes” which 1o not exactly in agrecment with the references e gave.

Fomours of Iymphatic ¥lssue Presenting Cowmpdiex Cellular Pattorns.

Theve had baen no authentie reporis in ithe Literature on Hodghin's
disease iun the dog before 1934 whan MacMahon veported a cope in a wongrel.
The tumour was a loealised wmass of wmatted carvical lymph nodes which,
histologically, satlafied most of the cwiteria of Hodghin's including the
pracence of many ReedeSternbarpg cells. 8talker et al {1936) described a
more generalised disease Javolving the mesenteric, mediastinal and bronchial

1ymph/



lymph nodes as well as the lupgs, livew, epleen and pancreas. Theve were
Fibrosis in the lesions and many polymorphonuclear levcocytes. Somse Langban
Giant Qalls wewe found apnd a few cells identical Lo BpedeBternbery cells,
Togsinophils, retdculum cells and plasme cells were prominent. Bloom (1952)
also degeribed a generalised form in which mesentarle and nmedlastinal lywph
nodes, splean and liver wive affected. A similay histelogleal ploture was
chserved, but Libvosis was less of a featiure and the diagnosiic nueliinucleate
cells weve spawse, Dawchlield (1933} seporvtad ginllar lealows in the liver
and longs of & young bitch., Erichsen (1955) described a loealised tumour
cavsing uleewation on the back with involvewent of assoclated pelvic lymph
nodes, The lesious appesved to fulfiil the cviteria of Hodskin's including
the pregence of large nuwnhers of Reed-Sternberg cella. 31z cases weve Pew
norded by Meler {19537), ALl were localisad superflelal tumours, In only

two of the cages did the histolopy wesenble these weporied hafore, 'The

others are very doubiful cases, sand may simply be forms of chronie gravuiomata,
A good weview of the literature was glven by Mouliton and Bostlck {1948),

They deserilbed o case of an wlcerative lesion of a paw with appareat apread

to the preseapular and wediagitinal Iymph nodes and the zpleen. Histeloplcally,
the lesions in the pawy and the nodes falfilled the criteria of human Hodgkin's,
although, as In some of the former cases, not many diagnostic cells werve

obgexved, Tt must be stated that none of these repovts aix weally convinclng.

Saith (1963} found 7 cases in dogs out of a series of 301 loulkaenic
tumours. In 5 of ithe cases, the gpleeun was grossly enlarped and, in & of

thagef
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these, the liver was aleo grossily invelved, Cells resembling Reed-Bternberg
cells were vacognised in each case, buf, prineipally on the grounds that
similar cells had beew cbserved in 12 cases pevr 1,000 of malignant dymphoma
in cattle, be was not entizely convinced thait truse Hodghin's disease was an

eatity in thae dog.

Tn wan thexe ip a distinet sex watio in Hodghin's diseace, males far

cut~nnbazging fewalen, In the reportes on the dog, however, mowre females have

baen found than males,

A condivdon in the dog which could ba diagnosed as lodekin's disease

has rot heen veesgnised at this honpival.

One iz tempted to compare this condiilon, as reporvted inr the dog, wich
Denign Hodglin'a in mav, but the diffevences ara wmerked, ginece reticulay
tymphons hag oever haen found except withiu Lymph nodes and the cellular
patiern is dicsimilav,

Giant folliculay iyaphoblastoma has bot yet been desecrihed in dogs,

although i has been suspeeted {Jonsze and Bewg, 1260),

Oiher Toukacmias.

The range of leukoemic diseases vhich has heen reported in man does
uol appeay to oGeur in the dog, Whilst theyve have been many rases of the
lympbatic type reﬁﬁrtad, ochor types are rave. Only one case of basophilic
Jevkaemia has beea described (Romanelii, 1953). This vorker presented good
photogrephic evidence to support his diageosils, Wirth et Ravmonn (1933)

admicted/
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adaltted that cased which had been regerded cavlier as myeloild lsukaemia,

ou the evidence of the blood picture, weve lu fact iymphaiic leukaenia with

8 laukgemqid blood pisture, Dloom apd Moyerx denled that any geouine case

of wyelngenous lecvkaenia had beein described in thelilterature, prior to

1945, Whe files of the Angell Memorial Hospital, Boston, offesed evidence
ehat: the disease did vceour (Meler, 1957). nhight cascs wewre wmeported, ILucke
and Sumner«Swmich {1963} and Moduay & Rapp {1962) have also yecorded cases in
the dog. The chavacteristles of this type werve the absence of maxked lympha-
denopatiyy and the presence of an enorwmously onlavged spleen whilch wag regavdad
as almosat diagnostiec. Histological swctions revealed infilitrations of vells
vhich, from their wvariakion and eimilavitiles to the range of wmyelodd cells,

supporcad the diagaosis,

Cases of myclomatous neoplasia were obsewved by Smith (1953) in 286 of
the 301 dogs with leukaemle neoplasia. Myeloms, plasmacytona, mnyelogenons
loukeenia, pgranulocylic leukaemls, or some agulvalent term was employed within
this group. Hmith was of the opinion thai “junt what fundamental differences
exist bebween the lymphoid and the myeloid neoplasms will ulédmately have ©o

be decided on actlolopical grounds,™

Madter (1957) aleo wecorded a possible case of momoeytic leaksomla with
riveuiating monocytes and monoblasts., There lo, howaver, £oo much controversy

over the so-galled wmonoblast to accept this without reservatiouns,

ggﬁlamatosgs.

Only o few inotances of plasma coll myelomas have been degeribed ln dogs,

(Blogm,/



{Bloow, 1946; Jounings, 1949), Uhere asrée also two cases in the flleg at
this hospital, but this eondition in the dog does pot appear to be at all

COMMON..

Briefly, one might sumsavise the litevatuwe by staving that the con-
semgus of opinloa hag fucrimiveled the lymphoid cell sevies dn the majoricy
of leukaemile tunours of the dog. True leunkaemia, vhich is chavacterised
by specific changes in the cireulabing blood pells, is relatively uncommon,
and there s still dnsufficient evidence to relate the dominank timouvr cell
in the tilpsunes to the clinical outeome of the disease with the degres of

confidence which ig shown in the Ilymehoid tumours of man.



MATERTALS AND METHQDS@

This veport was based on dair which were collected from 130 dogs ad-
mitted to this hospltal between the yeaws 1954 and 1964, Each animal was
gubjected o a detailed asutopsy, Clinical exeninstions weve carried out
on 119 of these dopgs and haematologiecal and biochemlcal tesis ware peie

forned on tha venous blood of 91 doge in the clinical group,

The movbid anatowlcal appeavances ¢f affected organs and tissues io

each case wave vecovded at the time of autopay. Blocks of tissue Ffor histos
logical examinabtion were tabken fyom most of the major ovgens and all tisgues
which appeared to ba affected with the disecase, The tissues were fixed in
Pormol~gublimate, dehydrated and clemved in aleoholeamyl acetate-benzol series
aud double embedded in celloidin and pavalffin, Sections were stained with
Haematoxylin and Bopin, In the later stages of the suxvey, imprint smears
wave prepaved from affented lympl nodes fron 1 dogs fmmediately after death

and thess ware gstained with Lelshman’s pghadn,

Hacnatological exominations were cazrziled out on uncozgulated vencus
blood., %The Frythroeyte Sedimentation Rates were estimated Dy the method of
Wintrobe and Landgberg (1935): ‘Two wathods were used te cstlmabe Packed
Gell Volumes, Tp to 1962, the technigue employed was that of Watrche (1933).
Theveafiter, the Hawksley Haematocrili was introduced, with a standardised
centrifugation interval of 6 winutes after Tisher (1962), The Ozyhacmoglobin
levels weve calculated according to the method of Ball et al (19453, (il

1962/



1862, the tradisional methods of estlmativg the Total Dyythrocytes and Total
feveocyies per otumn. &Ff blood were cmployed, using Yhoma pipettas aud Improved
Neubauer Hasmoeytowmeters, Uacie {1963). Ffubsequently, an electronic partilcle
counter , Coulter Counter, Modal "I, was calibrated and used fov rvoutine
erythyoeyte and leugoeyte couwnts, A thin blood £ilm was prepared and stained
wilth Teishman’s stain from the majority of hlood samples. A MEferential
Teucocyte Count was carrled out accerding to the meithod described by Dacle
(1963). In additiow, Diffevential Lymphoid Gell Counts were performed on

peleated hlood £ilms,

Biochemival examinations vere carried out on heparinised venous bloed,
Plapma Protein levels were estimated by a modificacion of the ovipinal Biuret
mathod alfter Weichselbawm {1246). The Albumén @lobulin vatios weve carwied
out by elecirophovresis using data from Martin and Franglen (L954), Jewnkks
et al., (1953), Heary et al., (1957). Blood Urea cstimations ware carvied out
by the Urease and Nessleridsdtion method deseribed by Havrison {19477 and
later by Vavley (1958). Three methods were used for the estimatlon of Sexum
Alkaline Phosphatase levels, Uucll 3957, the wethod was after King et al,
{1951%s Dbetween 1957 and 1963 aftew Mng and Wootton (1956); therveadter,
by the method of BHossey et al. {1940}, Serum tronsaminase estimations were
sarvied out using 2 colovimenric method adapted from Sigma Tech. Bull., Mol
509, The Bilirubin levels wore caloulated wniil 1963 by the wethod of King
et al, {1953), and then Ly ihe methods of Jendrassik and Cleghorn (19363 and

Jendrassilk and Grof (1938},

Radiological examinations werve carvied out on 72 of the dogs.



Nozmal Values of Maematological and

Biochemlical ?ests_on the Blood of ﬁdult Doas .

Hematological Pava, After Irfan (1061a).

Haemoglobin

Total Guythroeyte counts

Packed C€ell Voluma
MoV,
M,C H.C»

17,5 £ 1.5 gos./f10D mi,
6,11 & 1,05 millions/cu.um.
52,0 % 6%

56,0 * 13 cu,p

33.0 % 5%

Bigchemical Data, Hospital figures,

Serum Proteln

AJG ratio

Blood urea

Alkkaline phosphatase
Seruvm dvansaminagses

Bilirabin

5 = 7.8 pu,
0.6 « 1,2
30 (0-45)
1~ 15 KA, unice
< 40 8,7, units

0q2 - QIG mgm;flﬂﬂ {310



OIASSTFICATION OF IVMPHOSARCOMA OF THE DOG.

A arblivary classification of this dicease was made oa the basis of
the anatomical disiteibucion of the gross tewonw lesions. Each case was

assigued to one of thyee formg:l)a Multlcentwie type; 2) an Alimentary

Lype; 3} an Abezzant fype.

Bach of the formg was associlated with a relatively distinct elinieal
syndrome and thus the classification wap also justified from the viewpoiut

of dlfferentlal diegnusis.

Detadils of the distribution of the lesions and the number of dogs in

each group ave given below.

THE PATHOLOGY OF THE DISEASE,

THE ANATOMECAL, DISTRIBUTION OF LESIONS.

A summary of the distyibution of the lesions of lymphosarcoma in the

cases 1s glven in Tableg 1 and 2.

The lesion complex followed 2 main trends. One wmajor group was character-
iged by bllaterally symmetrical enlavgement of almost every superficial lymph
node together with hepato-gplenomegaly. Most of the deeper nodes were algo
affected, Other tissues were alse lavolved, including the alimentary system,
kidneys, lungs, beavt, tonsils, pancyeas and bone marrow., Occaslonally the
gliin, oyes and voluntary muscle wewe afifected, but lesions in the ceniyxal
narvous aystews were et recorded except in 8 single case. There were 61 dogs

in this group and this pattern was termed the "multicenbtrile type,™




YABLE, 1

Digtribution of vhe Main lecions in 130 Autopsied Gageg,

Lymph noﬂgs .
Superficial

Thoraecie
Anterilor Stermal
Mepentaerle

Gther abdomninal
Livex

Spleen

Alimentory tvact

Multicentyrlc

Kidnez

61
42

49

50
52
19
26
14

11

14

01

&;imencarz

&7
i2

Aberragh Potal
1 62
1 49

14
0 99
& 78
7 b
3 60
0 66
& 42
20
12
26
13
8 130



Mumber of cages

Abdominal Fluid
Adrenale

€. 0.5,

Lyes
Hydrothorax
Jaundice
Lachrymal pload
Mammae
Oasophagus
Panerveas
Periioneum
Prostate

Blein

Scrotum

Thyrus

SBixyrnid

Urinary bladder
Uterus & ovary

Voluntary muscle

TARLE 7

The Distribution of Minor_Lesionm

i 130 Cases of Canine Lymphosavcoma.

Multicantric Alimentary Abgmtant Tokal
61 3} 8 130
) & 1 6
3 L 4
1 1
3 3
2 2 A
4 3 7
1 i
1 1
1 1
6 3 9
1 1

3 1 1 5
3 3
A A

b 4 3
1 1
3 1 &4
1 1

i 1



the cecond gvoup slso ecomprised 61 dogs and was termed the “alimentory
Eype." Lt was clearly differentiated fyom the wultlcentyic type becavse the
guperficial lyaph nodes wers never affceted and splencwegaly was very seldom
found, These animals all had tumour lesions of thepastrosintestinal tract
or in the mesenteric lymph node. Fyequently both gites were favolved, Less
conmonly, othar organs within the abdoninal and thoracic cavities weve in-
Liltvated. Zn 4 cases, pross enlavgement and tunificatlon of the anterior
gternal lymph nodes werenoted, and in geveral cases, this waz the sole extrae
abdominal leslon which was recognisable nucroscopically.

The small number of cases which vemaived fozmed nro clearcut anatomical
patieyn, S0 no atiempt was wade ta gubdivide them although infiltration of
the liver was ubseyved in 7 of the & dogs, 'This was described as the "Aberrant
w."

THE INCTBENGE OF LYMMIOSARCOMA IN THE POST-MORTEM ROOM.

Out of 630 cases where dogs died or weve destroyed dus o the nresence
of maligunant disease, 140 were found to be suffering from lymphosarcoma; an

incidence of 22.2%.

HISTOLPATHOLOGICAL FINDINGS.

Very few differences were observed in the macroscopical and micrescopleal
appearances of individual tumour lesfons in the three forms of the disease and
the condition will be considaered hexe as a single entity., FPoints of contrast

will bz indicated and described in the text, where this is necessaxy.



oI LYMPE NODES.

Qbseyvations of the lyaph nodes of healthy dogs. Palpatlon of the

auperficlal lyuph nodes of aduli dogs, showlng no sipgus of clinjeal discass,
revealed that the submazillary, prescapular and popliteal nodes were frequontly
larger than hazel puis, whilst the axlllary and guperficial inguinal wnodes

wore smaller and much less readily palpable.

In 20 dogs, the superflclal nodes were evanlned soon after death and it
was conflymed that the axlllary and asuparfieilal inguinel nodes were gmell
and dlfficulic te locate, eapecially if there was much subcutaneous fai present,
A& typical uode io these aniwals lay dn a bed of loora comneciive ox adlpose
tisgue and wan beoan shaped oxw voughly sphewical with a slight hilar indentation.
Such nodes eould be cuk open without difficulty and the pale straw coloured

cortex could be clearly distinguished frowm the much darker centyal wmedulla.

The majoricy of these nodes presented a histologleal pactern gimilar to
tha deseription of huwan Lywmph nodes given by Haw (1961), Homs nodee, however,
particnlarly the preccapulars and popliteals, were wuch flvmer than the others
and were wmore diffilcul? to pection due o central fibrosis, walch, micro-

secopleally, was the scarved sequel of earlier inflematory responses.

Lympb nodes in the tumouy gerics, Distvibution of affected lymph nodes

in the gevies is given in Table 1. Tn the multicentric type, wivtually every
superficial lymph node was affected, although not all were markedly ineveased
in size. For example, the nodes of the head and the prescapulars wevs often

enormoun Ly/



enormously enlavged whilst the popliteals and superficlal Ingulnals in the
some careano were only wmoderately so, In certeln cases, lesg than 0%,

only modexate enlargement of all the superficlal nodes was observed and each
one wag found o be imfileraied oun section. A wecurving feature of this
latter pattern was palpable enlargenent of the .axillary lymph nodeg. A

conalant finding was bilateral symmatzy of the superficial nodes,

in the nlimentary type, the lymph node moot frequenily affected was
the mesenteric node and othey abdominal nodas were ilnvolved €o a wuch lesser
extent., A noteworthy feature of thila group was infilltration of the anterior

sternal podes in a small mumber of the cuases.

Inditeration of Iyoph nodes wos umcomuon in the Abervaant form of the

dlacage.

Morbid apetomy, Affected nodes were enlavged from 2 up to 10 tiwes
theilr modal 9izes, They were eapy to hdentify on the carcase and were
diacreaea mobile ond appeaved to be eneapsulated, In only rave instauces

had groups of nodes bacome confluent,

Mo distivction could be made between affected lywmph nodes firom alimentary

types and these #rowm the mulitleentyic group,

The surfaces off tumified nodes were usuwally dark straw colovred, but
a few weira congested., On section meat had lost all evidence of covtileow
medullary differentiation and presented a vniform greyish-yellow, highly
cellulur, soft tlssue which bulged from the cut surface. Immediately after

death,f
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death, cloudy lymph conld be freely éupressed from this surface. Fine
haemorrhagle poinis and etchings were often vigible on this tisasve, ege
paclally over its central aspect. Pregueatly, these had become exaggerated
ingo iil-defived congested aveas, Ifnceriain nodes, there was Intense con-
gastion throughoul and, in these, vound yedlow focd or stxands of necyotic
tigaus could be observad., In othevs, the tumour tissue was syvranged as
vighly pa.ked cream colouved foed wot gulie obllterating the fovmer gross
nodzl strueture, bubt standing out clearly on section. In a minerity of
cases the entive node was disteaded with greyish-piok tissue ghich was go
sofit and cai&uléx;am o be alwost Tluld dn chavacter. Such nodes btended

to collapse completely on gection,

Afthough most of the lymph nodes affeected on a given vanine carcase
presenied a yather simllar wacrescoplcal appearance, it wae possibhle to

£ind copsiderable weriation firom node Lo node in gome casas. Filguve 1.

Biotolomieal findinga, A detalled situdy of the histological featuves

off 163 sections from 10D casen of the disease im the dog wes done with
experimental dlagoosiic mavkers in view, The resulte of the survey ave

given in Wable 3 and Table &,

The regurring lesion in affected lymph nodes was loss of the ueual
follicular avvangement in the cortex and the formation of relatively uniform
sheats of lywphold celln on a bachkground of fine reticnlun Fibreog and a
fine vascular network. These sheets of twwour cells were loecally invasive
and led. to disruption and destruciion of the dense connectlve tilgsue frames

work of the node with obliteration of covtico~-medullary differcntiation.



TABLE 3

A Bummary of the Main Histological Peatures of

L

Number of secitionsg exanined

Goperal architocture

Pregerved 12
1osn of 151

Qorticowmeduliary défferontiation

Visible 18
1ost 142
Medulla absent 3

Poprinode area

Negative 16
Slight ingiltracion 27
Moderate infilivation 57

Marked infilirastion 63

Capsule
Intact 33
Laminated 76
Tragnented 22
Dhliterated 32

oy Nodeo Affected with I

163

Tt
o
L&~

163

163

anhosarecong in the Dog.

Subcapsular sinug
Patent, in parte
Plooded, visible

Obliterated

Cortical trabeculae

Ingact
Lominated
Traguented

Oblicerated

Folliclen
Cerminal centyes
Vestigral follicles
Cell chects

Tumour £ollicles

goriical sinus

Yatent, In parts
Flooded, visible

Obliterated

12
84
67

i6
46

20
132

L %13

63
93

163

163

163

163

4 Kk



Medullary trabeeulae

Intact
Laminated
Fragmented
Obliterated

Madulia aboont

Medullary pesms
Pomifled, visible

{21l sheets

Medulla abaent

Medullary sinug

Patent
Flooded, visible
Obliteratced

Madulla absent

14

37

&

101

lo

132

fo

i1
37
112

[ X%

163

163

163



TARLE 4

Additiopal Teatuves of Lymph Hodee

Affected with ILymphosavcoma in ithe Dog.

Mumhesr of pections exawmined 163

Marked vaseular congesition 2
Hoemorrhages 12
Kecrosis
i ffuse 12
Focal 13
Focal and dififuse 4
Retienlo~endothelial
hyperplasia 6
Tocl of neutrophils 4
Foed of eoslnophils O
Muliinuweleated cells O
Phagooytosed carhon 2

Blood wessoels packed with

leucocytes 6
trythrophagoeytosdis 2
Haemosilderin 1
Difiuse fibroals &

Marked E£ibronis i



Invasion of the loose comnective tissue avound the lymph node, the pexie
nodal ares was observed in the great wajoricy of sections, and in only 16
of tha 163 seciions was this aves completely fres from tumour calls, In
some cases, only a naveow vim of velatdvely noneactive Lywphold cells was
found immediately -utside the caponle, Figure 2. This was often assoclated
with heavy Lyaphoeyte packivg of the affevent Lywph vesselg, Hovever, in
most cases, the Invasion was on a modeprate o nassive geale. Often dn these
sections, the wain evidence thai the tumour cell sheet was cutwlih the oviginal
capsule was the presunce of groups of fai cells which were only varvely obe
sevved within the node ikself, Flguves 3, 4 and 5, Bucapsulation of che
extra~capsular ifnflltration was vever partieunlarly marked, hut condengation
of the imwmedlately adjacent loose comnectlve tissua was observed and this

appearad Lo form a yather loose secondary capsule avound many nodes, Migure 3.

he capsule wos ustally involved in the process and three stages of
gapsular inflltrailon could be determined, 1) lamination, 2) fraguentation

and 3} obliteration.

Small streams of tweour cells in siopgle £ile meving between the collagen
bundlee of an otherwise compact capsule was the earliest phase seen, This
was followed by an increase in the nunber and width of these streams with
a regulting disrupilion and mavked separation of the parallel collagea strande
of the original capsule, Flgure 5. Thereafier, the lamlnated capsule becane
frayed ond toru as torrvenis of tumour celils swarmed into the nearby pevie
nodal arenn. A combimasion of laminaticn and fragmentation appeared Lo lead

tof



ko wvirtual elimnination of the oriploal tissuve. However, In 20% of ¢he

pectlons, infiltration had not taken place and the capsule wasg well prew
served deepite dovaslon of the pevinode, Yn other sectlons, e capsule
had bhecome markedly sevetched whilst the node was ealarglng and this had
reaultod dn the fommaidon of o fine undulating westige of formen capsgulae

vhich was clearly ouitlined deep wikhin the new tumouwr tiasua.

At poastemortem axemination, asffecied nodes were concained within a
capsule aind; fyom histologleal observations, it appeaved that the opiginal
sitvetched and partially shatterved capsule wapg supported by condensed looae
commective tissue, which had formed a secondary capsule for the tumousr

mase around the oviginal node.

A similay saequence of laminatlon, fragmentvation and oblitewation was
noted In the trabeeulae of the cortex and wedulla, Flgure 6, iIn 2 insiances,
distinet hyperplasia of the trabeculas had taken place, but ecarly lamination
wag in progreas. In more than half of the sections in the series theve was

vory Little sign at all of the formew trabeculas,

In many sectlons, the subeapsular, corCical and medullary gluuses bad
bacome completaly floodad with tumour cells go that the former sinuces could
no lougse be ldentified, Xn others, the reticulow-endothelial boundariles
of the sinusesn were still visible, Figuves 8 and 10, and somatiimes the sinvses
contalned a cell type vather wore mature than those of hearby tumour cell
sheets, Figure ¢. In one oy two sections, sinuses were distended wlih pus
ov macrophages, especially those whlch were close to necrotle patehes,

Completely patent sinuses were obsewyved very occasionally,

X oF



In every section which proved to be affected with lympheosarcomz, lesions
In the goriex were noted. There were total lose of follicle pattorns and the
formation of vuniform sheets of tumouw cells In 152 out of the 163 sectlons.
In 20 of these sechions, compaci groupa of lymphocytes were obsesved within
the tumour cell sheuts. These were often Mmavginated” towurds the former
capsule and were believed to vepresent vestiglal follicles, Figuve 9. In
only 4 pections was thers evidence of gecondary centves and, in these secilonn,
there were suelficicnt addictionsl signs to justily g diagoosis. In 7 sections,
the cortex and medulla were replaced by lavge round foed of jmmature or stem
cells which weve temmed Lumour follicles, Figures 6 and 7. In some aveas,
these had abnest formed cell sheetn, bt sleevhere they weme eupanding and
compressing adjacent slnuses which contained somewhat wmore wature cells than
those in the follilcles, Mpgure 6. Swall lymphocyites were found in the centre

of some 0f these tumour follicles.

In 132 gectlons, the medulla could not be clearly distinguished from the
cortex, but in 28 sectilons this wag possible, In the centre of some nodes,
there were large round focl contalning towour cells and these wewe Cheought
to veprasent tumified pegs or tumour follicles. In othen sectilons, the
medulla did not, at first inspection, appesy o be ilovolved in the tumour
process. There weregood corticormedullary diffeventiation, delicate pegs,
well formed trabesculae and only slight flooding of the sinuses. Such pegs,
bowevar, were found 0 contain z cell population vhich was identiesl to that
of the covtical sheets which were sitveaming towaxds the pegs, Fipure 1l.
Tymphoid cells in the adjacent sinuses were also identical o the ﬁnmo§r cells

of ithe coftexn.



The twmour cell sheeks wore either cowpaci ov diffuse. Compact sheets

vere compoged of lwmphoid cells, ecach in contact with its wselghbours. In

wost of these sheaits, cells such as yeticuloendothalial cells and amzerophages
ware difficult co identify although, ir some affected byounchial lymph nodes,
thare were large awmounts of cavhon particles which pointed to a background
population of macrvophages nolt appavent in cthe tumovr cell sheet. These

compact sheets tended to he composed of the moxe Iwmmature cell types such

as blast cells and large lymphocytes. Stem cells, with abundang cytoplagm, were

observed singly in the cell sheets im some sections,

Some of the diffuse cell sheets were go loosely arranged that cells
weire clearly separated from thely wnelphbours. Within such sheets, there
wag a mach greatew variation in cell typea, Relatlvely more rebiculow
endothelial cells, active macrophages, stem eelis, neuntrophiis and plasien
cells could be vecognleed compsxed ¢o the compact type. Thie type of cell

sheet wos move ofiten associated with nixed or weture lymwphold twmour cells,

Ihe Histolopical Diagnogis of Lymphopnrcowy From Examdpation of Tymph

Noden, Diagnosis of the disesace wag compavatively siwple when leplons were
composaed of dmmature lymphoid cells fox there was no other leslons known to
plmulate this. A problem arcee vheve the original pattexn of the node pers

plsoted to some exient, and where the tumour cell type was mixed or matuve,

Theea groups OFf chawacterisiics weye balieved to be of importapnce in

diagnogis and thesoe were termed primary, secondary and tertlary chavacteristics,



Twn cellular patterns were obsewrved as primayvy characterisvics, an

afollicular and 2 follicular Fformiw

1) An aféilicular form which included,

a) sheets of lymatuve Iymphoid cells which weze
usually ecowpact,
b} sheets of mixed oy mature lymphold eells,
often diffuse.
2) A follicular form which ineluded,
ay westigial follicles, often marvginated,

bY perminal follicles,

¢) tumouy folliclen.

Where vestiglal follicles were assoclated with an immature twmovnr cell
sheot, the diagnoais was uncomplicated, but geeondary diagnostic eriteria
had o be considered where the ecell phect wan compnaed-af mixed or matore
tumoﬁx cells. When gewminal cenives persisted in a node, lymphosarcoma wos
indicated by the development of streams and sheets of tumour cells elsevheve

in the node and the presence of wmost of the secondary chavacteyisties,

8ix peoondary characterigticr wera found to be of lwportance, None of

them, at fiven inspection, might appear 2o be pavtleulariy significant, Wt

two ox more weve noted in the great mejority of affected iyuph oodes, These were:

1} Pewinodal infiluvation ov invasion in 90% of the sections.
2) Flooding or elimination of sivusss in 97% of the scciions.
3) Capoular infiltration or climination in 79% of the seactions,

4



&y Trabzsenlar infileration or elimination in 90% of the sections.
5) ipss of coviico-medullary differventiatlon ln 87% of the seciions.

8) Diffuse or focal ucerosis in 22% of the sections,

The tertisey characterigtics includad the Importont negative findings.

In none of the sections was theve evilidence of the widespread and marked £ibe
rosis observed in Hodgkin's discasge in man, wor vere mulitlnveleated cells
rapenbling Dovothy Reed-fternbery wells o7 even ecosinophils encountered,
excepi very warely, o abscess formation was noted, other than secondary

to necvosls in the nodes and focl of neutrophils were found inm a Hew instances

only.

Ninety-five dogs showad lesicus of Iymphosareoma in the Liver and histow
logical sectilonz from 89 of them were available for study. Table 1 glves

the numbers of affected livers in each of the forms of the discase.

Moxbid anatony. Infiltration of a liver with bwwour cells was, in wost

cages, accompanled by an increase In size of the orpgan and a chonge in iis
macroscoplesl appearonce, Ita odges became woundad, 1t thickened anteroe
poateriorly and extended behind the ca&tai arch for a variable distance
depending on the depree of hepatomegaly, Uivers waried in colour from the
uovmal rede~brovn te a wilk chocolate ox even a putty colour, Occasionally,
the organ was distinctly bropre and a winority was congested. Capsules of
affected livers often preseuted a greylsh motitled effect and on seciion,

theref
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there wae a well defived, delicate, greyish coloured enaggeraiion of the
povtal triads throughout the pavenchyma. Yess commonly, distincel and only
raraly ralsed, vound gray o pale vellow foel of tumour infilvraztion up to
1.0 to 1.5 ¢m. In digneter, vere found scaitered over the liver surface.
On cecitions, thepe aveas were ssen 0 bo dlsercte, non-encapszulaved, yound

laslong secattered in the liver pavenchymz, Figure 12,

Histological £indines., A summary of the main lesions s gilven in

Table 5.

In most of the sections, the typlesl micioscoplcal lobulation of canipe
liver tipsue was well pregerved. The wain cause of abaence of liver ilobe
ulacion was the widespread or difiuse nrimwve of some of the lymphosarcoma

loglons.

Phe most commoa site of infilivasion was the portal twiad, Flguve 13,
‘This region was affected in 96% of the sections, Infilevated triads tended
to he rathew wnlfovm In size and profile throughout a given seetion, This
undformity wag not a econstant feature and there were a few sectlong wheve
both affsctad and wnaifected triads were present side by side. In ouly &
sections was evidence found of lesions of lymphosarcowma withoub any apparent
triad iuvelvement, Triad profile varled and, in the heaviest lafiltrations,
assuned a woughly ciivcular ocutline which was often quite well defined except
where infilivation into adjacent sinusolds had token place.

ALY buk 10 scetions presented some evidenca of infiltration into the

sinusolds., In the main, this comprised pmall focd of lymphoid cells lying

geatteitad/
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seattered throughout the Inbules, Figure 1, In only 10% of the sections
wave focl lavge enough o displace ov veplace adiacent cord ecells, Rows
of tumour cellis steeaming from the trlads vowards the centryal eelns were

faixly common,

Avother wecwrying leglon was a collectdonr of fwmour cells within the
pinusolids ifamedistely wound the cevntyal veilns, These centyral venous "euffs"
weire usuwally racher varvow, but In 22 sections these areas of tuomour cells
were compavdble in size and shape to the leslons within triads., In wmany
cases it was diffiicult wo distingulsh one fxom ibe other, partleularly wheye
compressicn of the bile ducts in the triads had taken place, and also vhere
dagenersicive changes in cond rells were obscuring the radial effect of the

nepatde cowds avay from the centwal valug.

HSome degree of cubcapsular inflilivation was observed in many section,

but this was only severe im a very small number.

Dagenevative chaunges In the hepatic coxrd cells weve obsarved in more
than /3 of the sections., This was priuncipally a central ovy a ceutral and
midzonal lesion., However, all the zones were inveolved in & gections.
Ceptral necrosis wap saen in one section; and degenevative changes,whilch
ware coufluned to the peripheral zonen alone, were uoted in cne other case.

-

fLezr commen foatuves included hasmoslderosis, whilch was obsevrved in 7
sections and bigh vuwbers of neutrephils dn the tviads., This neutvophil
content waz obgerved In € cases and wae suffiiciently high In poune axeas to

callf
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call into question Lhe diagposis of lymphosarcoma. Howaver, In each of
these cases, theve was ample svidence of the Lywmphoild chavacker of the

smouy elsewhave in the body,

Tagual leslons were present in the livers of 2 cases of the sberrant
typa, Case no, 10915 and Case uwo, L9424, The lesions in these caseg cone
gisted of mesive fonl of lymphoid cells which wete noasencapsulated, ex-
panding, but non-invasive, and which were stretching and distoviing the
hepatic cords peviphevally, Some of these foei were rvaised and umbllicated,

Cage no. 19424 was associated with similar lesions ik both luldueya.

THE SPLEEN,

SO TN L T S

0F the 60 cages in vhich the apleen was reperted as affecied ab the
post-morten examipation,scctions were avallable from 50 of them for detailed
histological study., The group distyribution of affected spleens 1u shown in

Table 1,

Morbid anatomy, Spleens whiech weve affected with lymphosavcona bed

distinguishing features which muy be considered under the following headlngs,
1) the size and shape of the organ, 2) iss colour, 3) structural changes

and 43} 1lés environment.

1) Most affecied spleeuns wewe moderately to pgrosaly enlapgad, This

lncrease in size was lu all difectiouns, so that the eatire organ wes involved;

its edges were distipetily rounded, but 1ts profile was presewved, Tigure 15,
The spleen was veadlly palpable in 1ife pud was usuelly found iying anteroe

posterlor lyf
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antevo-posterionly tovards or along the lower agpect of the abdomen oun the
left side. In cases of extreme splenomegaly, the orgon extendad ag Fav

hack as the entrance to the pelvic cavity. Few slgns of surface evosions

or vlearatlons, whizh could bhe ativibiated o the digesse procuess, weiw found,
In one instance, wuapivve of the spleen bad precedad death and wag due
appavently Zo overenthusiasiic palpatlon. A unoteworthy difference existod
betwean a typileally affected epleeca from the mudticentric and abevvant
sroupe and those few which were found 1o the alimentary type. In thie
tatvor ﬂqﬁm, oul of the § affected opgansg, only one was ipevessed in sige

enpugh to mevrit the tevm splenomepaly.

2% Dummediately afiter death, most spleens wewe purple or plum coloured,
but: many of these bocame pale biulsh plok afeey refyviperation fop 24 hougs.
Ocher spleens showad strawecclouved stwipes vith occasional small dnfaycts

on thels sunfaces, Flguwe 16,

3% Un section, fafilvrated gpleens wove found to have wellindafloed
capsules whlch wewe often thin and tense, hut theve was loss of the chavacter.
intical labernald structure with the disappearance of the typleal trabeculay
networks, In mogt cuses there was complate veplauement of the wed aud white
pulp by a falvly wiiforn, &0£C and highly cellular, veddish purple tissue,
in some canes, hownvaﬁp the spleon showed marked hyperplasiaz of the Malpighlan
bodies which appearad ag larpge numbers of spherileal,bulginp.whlte and pglistenhng

food,

Infavets and foed of neerosis which were vigible en the surface algo
Involyad the deoper avess., Aveas of gross bammorrvhage, with islands of

tumony tiegue, were occasionally found.



&3y Apart From the very largest splesuns, wost were relablvely mobile
within the abdominal cavity and not attached by inflammstory or neoplastcic
adheslons to adjacent structures oy to the omnentum, Thore ware novey gross

extensions of the tumoewr process from the spleen Ilnto lis visceral nasenhery.

Bistolopleal findines, Most of the cases in which the spleen was

Tavolved weve of the multleeptyic Zorm, 52 of the &0 cases. Although there
vare wmorhbid snstomical ddiferencas between affvcted splesns of the allwmeuntary
group and those of the other twe, theyuwere found to be indistinguishable

bistologieally and were considered as a single sezics.

bt

Table 6 gives a euwmmary of£ the histologleal flodings, Obliveration of
the Internal trabecuniay framework, due to strvetehing or infiliratlon, was
chaerved in 8U% of the sections. Mogt of the ether sSectimng presented mm
earlier phase of splenic involvement which included warked hyperplasia of
the Malpighian cozpuseles with peripheral infiltvation dnto the adjacent wed
pulp,, Well defined, digeiete, raised {uwwours weye found in a single case.
This wvas & mnliticentric case, which shoved an vnusual pleomorphic tymphold

stem cell in the lapilons,

Flve sectiuns in the Llywphosatcoms sewles showed evidence of tumour
infilevation of the capsule, but only 10 secilons failed tu show a simllax

o a mopa intepsive invasion ¢f the trabeoctlae.

Tn 2 small number of sections, there was invasion of the gubeintima of
the trabecnlar bicod vessels and aggrepgates of cightly packed lymphocyvtes lay
within the vesasels., Mapakavyocytes weve observed in 50% of the secilons;

thayf



sants 6

Swwary ol che e80!

leal Featnres

of 8nleens Affoctad with lymohozarcoma.

Jotal number of acctions, 50
Qappuies
Abuent from the saction L
Non-infilerated by
$nﬁi1gwa$ad 5

Tyabeeuiar/pulp rakio

Low a6
Modaraite o
High )

Trabeenlar infiliration

Abae?t 10
Mila 26
Voderate 13
Marked 3

Angiltevatlion of irabasular vegsols

Subeintdngd Yesgals Both
infilitvation packed with siltes
Lyphoeytes
Miid 6 2 8
Moderate 3
Marked
Absent 33

S0



The splenic pulp

Diffuse whitef/red iafiltration
Malpighlan hyperplasia with invasion
Malpighion hyperplasia with moderate invasion

Welledefined metantases

Ma aal:aryocyteg._

Hegative on sections
+ amall nunbers
S« moderate numbays

S+ numerous

- 39

50



they were obsatyed ag fsolated celis and come contailned phagocytoned loucos
evies, High numbers werve only noted in one case, Occasiloeally, erythro-

myalold activwity wae also seeny

THE ALTMENTARY ‘SYSTEM.

With the excepiion of the tonsils vhich will be considered undetr a
separate hoadliag, all tumouvs of lymphosareoma in the alimentzxy tystem

wore found in the stomach or intastines.

Bigtxibution of the lesions, Table 7 shows the distribution of Lymphoe
gavcoma of the alimentavy cystem amonpst the three groupings, l.e, muleia
centyvic, alimentary and aberrant fovis. Xt will be woted that there v a
digparity betwesn the avwbere o0f cases where tumouys were diagposed at
anopsy aud those which were lator confirmed histolopically, There are
two vedsono foyr this, [irstly, some tigsue blocks were takean firom vegions
timediately adjacent to the tumour mass and wera found to be negative
microscopleally, Secondly, whexe the tumours were neerotic, tlssue blocks
wore selected from the grously affected mesenteric uodes which ofifered

batter diagunositile material.

The &7 cases of the alimenbary type dn Table 7 belong to a larger
gronp of dops with leeliong of the allweantavy-meseutevie«lymphatie complex,
Altogethew, 61 casesg With.the major Jeslous in this area wore found, Theae
ave shown 4n Hable 8, Frow thie table 1t will be noted thakt, ila 53 cases
(87%), mesenteric lywoh node involvement was a feakture of the tumour process.
Howevay, In 8 of the animale {(18%), the mepgenteric node wan not affcoced.
In Table 9 thore 18 8 lwreakdown of the lesions In those 8 doga. In ounly 3
of them were cireuvmgeribad ﬁuﬁouﬁs fouwnd pn the alimentary tvact without

anyf
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TARLE ¢

The Bilgtribution of Tuwours of rhe Aliwentory

S¥etem Amongat the Three Anatomical Groupinps.

Anatomieal sroupn ZonfirmeﬁAhistalogically Diagnosed at astonsy

Multicentric 1o 19 (29%)

Alimentary 35 &7 {714}

Aberirant 0 , G

Total &8 66 {100%)
apiz 8
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in the Allmentary Form of CGanine Ivnphosareoma.

Allmentary tumours pluz mesenteric node {nfiltvarion 39 (G4%)
Alimentary tumoure without mesentayric node infileration & (12%)
Megenteric node Infiiltwation without alimentary Limours ik {23%)

Fotals 61 {100%)



TARLE 9
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any wlcvoseopleal extension elgevhere. Theredfove, only 5% of the doga in
the entire alimentary group could be regarded ac cases which were sultable
for surglcal Intervention:y in the remaining 95%, the lesion complen ine
cluded enlargenent and dnfilevation of the mesenterie lyoph node or lesions

in othey organs.

Morbid auslomy., Hxpanding muval tumours, clther single or wulilple,

were the priveipal lesions found on post-moriem exaninavion of the alimentary
syotem. Framples were found in stomach, duodenum, jejsmun, Llewa, colon and
rectum, A typical tumour mgos was sphevical ox elongated, ofton wlth a smooth,
greyisheyellow surface bearing a stippled or fine vascular pattern. In lts
centiye, the tumour wag frequently necvrobic and, on occapiong, this ad led”

to perforacion, especlally along the paramesentoric borders., Such lesions
wepa sometimes asgociated with the presence of haemorvhagile or purulent Fluld
in the abdomen; more often, there werve luflameatory and neoplastic adhesions

to ovher parts of the tyact or ¢o the omentum. On seetlon, Cumouy masoes
often partly or wholly cecluded the luden; eapeclally im the swmall intestine;
here the mucous wmambrans was often ulcorsted. Many mucal Comours had zew
malned apporently well defined and lumedlataly adjacent partg of the tract
wvere macroseopleally normal, In a mlnority of cases, thére was diffuse lymphoe
parcomatous Infiltratlon glong leunpgths of hWhe eanal; this: appeaved to

extend Lfrom Peyer's Patches in the small intestine, 'The wall was cream
coloured, thickeved and on section, showed an apparent increase in width of
all layors. In one or twe dnstances, infilivation on to ¢he twact from an

affected mesenteric lymph node was observed, Pigure 17.



Haitological fadlaps, In 66 dogs, lesions of lyaphosarcomn were

found along the gastro-intestinal twaci, Soctlons were available from 48
snlmals for study and theve wera 4 sections from blopgsles, A gummary of

the histologieal {indings is glven in Table 10,

Hlretologleally, lywphosarcomaions tumours of the stomach snd intestine
were highly invasive and intonsely destwuctlve. Ususlly alk the layers wero
infilirated, and fyequentily, there was extencion of the tunour process on
o the nesentery, .or subserous arvea. Inflluwation of the muscile Lwndles
coole the forms of wild to cevers lawnination, fragmentation, and £inally
obliteration, In come gections, the only evidence that the area was formerly
gnooth muscle of the intestine was the prasence of isolated groups of neyve
celle of Auerbach’s or Melsener's plexi, Infllezation of the mucous membranc
was useally accompanied by faivly mavked distewsion of the interwglandulay
tiseue, Figure 18. This propressed to heavy infiltroiion and destyuctlon
of the glondular clements and then to complete elimination of the mucous
wembrane. In the cases vheve the mucosa alone was infiltrated by mature
lymphoid eall fypes, it was not always o simple watter to determine that the
lesion was neoplastic. Higb numbers of mitotie £iguves and active deatruciion
of the plandular elemants by the roupd cells weve considered vo be lwportant

goiden,
Neither encapeulation of twiour napses oy iubernal Fibropils weve prominent,

but these was a gieater coucentration of reitloular sitroma than in tunour nasses

in other crgans.
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Qritexile fov the Diagnosis oi_Lymﬂhoa&rcha Qn_the Bagie of Bxaminatlon

of

s

Alimentary Tesions, The pastro~intestinal tract, together with Lymph
nodes and spleen, are the sources of tlgsue for the histoloegical diaganosis
of lymphosarnoma in the living animel, and in this suvrvey an stienpt was
made €0 establish diagnostic markers in alimentary lesions, Theo two wain
chavacieristles of the alimentary lesiowns wavre the predomineni twmour cell
and the deptructive nature of tho procesgs. Diffuge destrustive infiliration
of more thanm oue of the layers of the wall of the cenal hy siwesms or sheets
of lnmature, macure or mixed lymphold eells was accepted as positilvely diage
nositde of lywphosarcoma. However, vhere only the wmucous membrane wasg dne
volyed, some care was necessary to differeutiate lymphosarvcoma from sa ine
flammatory mononucieayr reaction or an immunogenic focus. A high {requency
of mitotlc fLigures and active destruction of the glandular tissue also

appeared to be cssential criteria,
IHE RIDNLYS,

In forty-two cases the kidneys were ipvolved and the @iatxvibatlon of

reual lesions awongst the three fowxms of the disease is shown in Table 1.

Morbid amatomy, Adhesions between the capsule and the coviex were not

Found, although subcapsular leslons were noted in 3 cases. In alwost all

of the dogg, leaions of lymphosarcoma were observed bilaterally.

The most severely affected kidneys were characterised by a wultlpliciiy
of discrxete, greyishewhite tumour nodules which measured up to 1 om. in

diamneter./



dismeter. They were scatieved krhroughout a thickened cortex and weve slightly
raigad on the surface of the orgen, Vigare 19, This type of lesion was found
in approximately 164 of the cases, In a further 33%. small eream coloured
foed wp vo 0.25 cm. 1o diameter and algo largeyr wedge-shapod focl were found
throughout the coxtices. The base of a wedge~shaped leoion lay along the
surface of the corviex and its apexn polntad towurds the juxta-medullary avea,
In mony instances, these lesions were ocuklined by a narrow zone of intense
hypevaemia which gave them the appearance of typileal rewmel infanpcis,.

in the rvemainiog 507% of the kidnsys whileh proved co be infiliwvated,
there was & fine cresm coloured stippled neiwork over the surface of the
kidneys and this was also found in the depih of cortices. Visible legione

in the medulla were poted in one oy two organs.

In general, the kidneys which were affected with lymphosarcoma weve

enlavged, but this was never to a very marked degree.

Histolopical findinps, OSections fxom 39 of the 42 positive cases were

available for study and the wesulis are summarised im Table 11.

SBubcapsulay infiltration vas marked in 3 cases and in sixc others there
wag Iaterptitial infiitration in the wmedulla, ALl the rewainiug lynpho-

gaveoma lesions were confined to the covtex, or the juxta-medullary awrea.

In the coriex, three degrees of tumour involvement weve noted. Tirstly,
there wera emall, widaly scattered focl lying in the interstitium, often
avound the small blood vessels., These teaded o be cenirally destructive,

but/
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Sunmary of the Benal Yesilons in Lymphosarcoma of the Bog,
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but had inflicrated peripherally into the intevatitial epaces without much
apparent dawage vo adjecent tubulec or glomerulil, Figurse 21. This pattern
was £ound in voughly half of the kidneys. Secondly, larger foci and radial
wedges were chsavved, Thege were also peripherally infiltrative, but were
agsoclated with localised destructlon of the tubuies., Adjacent glomenulil
woere lesg affected and remalned promineant and well defined even when Che
survounding tubuvles had been totally obliterated., Thio pattern wap obgerved
in approximately 1/3 of the sections, Thirdly, in 6 cases, there was wide-
spread luvaslon of arsas of the eovtex with active destruction of tubules and
to a leszex extent, the glomeruli, Figure 20, All three formatlons cowuld

be observed in some of these sectlouns. In some lorger secondary Lumours,
the only proof in a glven fileld that the tissue was actually renal was the
pregenee of one o two @mall glomersli with pyknotic nuclei which weve

lsolated in wnilform sheets of lymphoid tumour cells.

Capts within tubules were a common feature, but were only seen in large
nombers in one gection where widespread tubular atrophy had developed, Small
recent infavcis were a feature of three of the sections and in one sectlon
this was elenrly due to tumour invasion and necrosls of the adjacent blood

vessele,

Torl Iun the juxvasmedullary area were observed in 12 sections. These
lesione wexe espeeially prominent around the larger blood vessels which,

howaver, shewed no severe mural lesions,

Cage no. 19434, of the abevrant type, was exceptlonal in that it

presented/



presented wousual kidvey lesions., These were large expanding and well
defined Iywphold masees which weve neither peripherally infilirative nor
encapsulated, but which bad growm o caunsge discertion of the adjacent renal

tiscue.

Chionie intersticisl nephritis. Since this disease i nommon in the

adult dog in Glasgow and ite emvivong, every available kidmey section was
axamined for evidenee of the eopndivion. In several sections, small focl
of lymphold cells were found in the cortex and it wes not possible to tell
vhether these were neoplastic ov inflammatory in ovigla. Such leslons were

ignored, for they wove too small aad sparse to be of any eclinjeal significance.

None of the 39 cases in which lywphosavcoma was observed showad
additional cvidence of severe lesions of chronlce interstitial nephritils,
but many of the lavrgest tunmour focl had desitvoyed almost all evidence of
the former wenal tlssues. More thair a dozen other cases were found to have
legions of chroule intevstitial nepbricis, Mpet were mild to modevate in
extont, and comprised fine cortilcal Llvmpho~fibrotic foci and radial scave,
some of which extended to, and had pleted, the otherwise smooth corilcal
profile. At such points, adhesions betwsen the capsulé and the parvenchyma
wera obsexrved, Tubular cagte were common in such sections and aveas of
marked tubunlapr dilatatlion were observed, It was not considered likely that

cheonic interstliial nepheiiis would cause dlagnestic confusion,

Byelo-nephricis., Qae case of pyelo-nephritic was found. This was

assoclated with 4 marked mononuclear geaction below the renal pelvie mucosa
and this cellulay énfiltraclion had continued upwards between some of the

tubules in Cthe medulla, but no lesions were seen in the cortex.



THE_TONSELE.

Twenty-sin dogs were found ac azutopsy to have macvoscopleally affiected
vonsils, Of these, 25 weve of the wwliicentric form, 1 of the alimentary

form and wone of the ahervant type, Table 1.

Morbid anstomy, Affectad tonsils wers pale In cdlour and had smooth

surfaces; they wowe usuwally enlavged bllaterally and protraded from thelyr
erypts. In a few cases, thoey were so grossly swollen that they pavtially
cccluded the entiance to the phayynx, bub even In such casez, there was

never any evidence of surface erosion or extensions Into the adjaceni tissuea.

Histologlcal findings. Twentywone sections were avallable from the

26 cepes and 2 susmary 0f the histological examinations is glven im Table 12,

The epithelium was stwetched and thimner than normal, but conbinuitcy
was preserved ifo 20 cases, In 3 of these, ervosion of the basal layers by
active lymphold tumouw cells had taken place, but the supevficial cells wow
maluned dntact, In one section, a breach in epithelial integrity had occurrved

withont any vesulting inflammatory veaction; this was considered artefactual,

In 15 of ihe gectlons, the typleal follicular arrangement was replaced
hy uniform sheets of tumour cells. Vestigial follicles uwhich were noted in
certadn aifected lyaph nodes, were also observed in 4 Consillay sections.
Expanding tumour follicles were an outgiandlng feature in gne instance.

The mucous glands, which lie deop to the Llymphold tiseue in the tonsil

of the dog, were infilirated in half of the cases. This was quite varied,

although/
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Suwmary of the Histolopical Findings

In Tongils Affected with Lymphosarsoma.
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wvhere moderate or severe invasion was observed. In nearly % of the sections,
the mucous glands were well defined snd completely firee from tumour cell

infiliration., Diffuse necrosis ox dnfilivation with wyeloid elements were vare.

Lymphosarcoms of the canine tongll wasz chavacterised by warked distension
of the tissue without any loss of surface Integrity snd only nomival lafile
tration futo associated tigseues. Thig waz in contvast to the depressed,
vlcewatlve, havd, iotensively Invasive and destiuctive lesions of sguamous
call carcinoma vhich iz the other wmajor malignant disease of the tonsil of

the dog.

The heawt wan affecred in 12 dogs, all bug one of which were in the

walticentrile group, Table 1,

Maeroacopically, there were no predilectina sites and most of the lesions
were small wvhitish focl up to 0.5 cm. in diameter within the nyocardium and
appeaved ag unﬁaised spots on the suwrface., In 5 of the dogs wuch lavger foel
wore observed, In one cage, thers were many well defined, distinotly waised
tumours which vere up to 3 cms. in dlameter In the wyocardium, They were
present In the walle of the auricles and ventwyicles on both sides of the
heari., Aunother case had brownishe-vhite tumour foel, approximately 0.5 » 1.0
cm, In diamelber, in the walls and septum of the left ventricle., A wuch
Llawpger focus was found traversing the wall of tbe vight gide, In 2 capes,

a single discyrete lesion was reported, In one other dog, wmuech of the wall
of the right venitricle was completely veplaced by lymphold tumovr tissue,

Flguze, 24,



Histologleal €indinge. The nodules and larger foci of tumour tizsus

in the myocardiumi comprlsed sheets of Lywphoidd tumour cells which bad destzoyad
the myocardial muscle £ibyres at the site of the leslon and were also ewpanding,
peratching and distorting adlacent unaffscted wmusculature, Many of the lesions
wore Infiltrative and lawmination of the muscle #ibres was a Featuwe, Figures

25 and 26, Boume sectione showedlemall aveas of subendocardial oz sube

pevicardlal rtwmour infiltration,
AL RUNGS

The lungs weve affected with lymphosarcoma im 20 dogs. PYouriteen of
them were in the muieicencric group amd the other 8 were of the alimentary

typa, Table 1.

E

Morbid anatomy. The lungs weire waovoscopically normal dn 257 of the

cases which were later found to have higtological evidence of the dizeases
In another 25%, the slgus of tunour lovolvement were not pariilcularly marked.
On section of a lobe, there wexe elther soatiered aveas of voupd greyish

v
foei, which were not always visible o the sorface, or else’s diffuse greyish
| ;o
network over wide areas. In the other 50% of affected lungs, well defined,
isolated ,vellowigh tuvwour nedules weve observed within the lung parenchyua.

These were batween 0,5 and 2.5 em, dun dianeter, Flgure 23,

flstolopical findings, In a fow sections, where thexe had been no

macyoscoplcal evidence of tumour dnfiliration, some of the capiliaries aad
veneles wvere found Lo be grossly distended by wasses of leucocytes, of both
Llymphoid and myelodd types. Uhers such vessels were sectioned longitudinally,

they apd thelyr branches were tightly packed with those cells,

f



In several lung sectlons, ieslions were noted paviicularly ia the
alveolar spacas axound the bronchiolen, Tiguve 22, and in one instance
there wao mavked {nfilévation of the subimeosa of a broachiole, Such
laplons were assumed to be part of the tumour process because thelr cell
types corzespondad te the modal cell type of the tewour. 1o othex sections,

comony cell infilivation vas concentrated around the smaller blood vessels.

Where tumour uwodules were present 1o the lwng tilesuve, vwhole greas hed
become partially or completely veplaced by sheets of tumour ceills, In some
sections, svrviving alveoll contained clumps of lymphold cella which wewve
more darkly stained than those elsewhere, Figure 22, Although thesze tumour
nedules were macrospopically discrete, there was no evidence of encapsulatlion
of the nodules and there was active infiltwation off adjacent lung tissue at

thelr peripheries.,

THE_BONE_MARBOW,

Tafileration of the hone marrow by the tumour process was observed in
15 dogs, 14 of which were of the multleentric type, and the other was an

alimentary case, Table 1.

Morbid apabomy, Whece the boue warvow was infllirvated, there was usually

a relatively homogenous ved ox vusit coloured,highly cellular tissue presont
throughout the medunllary cavities of the loang bones, HWowever, this was not
indicative of leuksemic infilivation, since myelaid byperplaaia, which

ccenvred frequently, presented a very slmilar appearance.
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Histological finddwes. ITu 3 of the cases, the mavrow section was

indigtinguishable from auny other lesions of lymphosarcoma,being composed

of oniform sheets of Iymphold tuwour cells, Wive ceseés presented fonal
lesions. There was crowding out of bLyperplastiec exyebhrold and myelaid
elementcs and mepakaryoeyies, Théeve was little evidence in these sectious

of fat cells, A much move diffuss Lnfileration of the normal marrow ¢lements
by lywphoid cells was observed in the vemsinilng 7 cases, but the maryvow wag

agato highly cellular, Tigure 27.

A high numbor of sections revealed marked myeloid hyperplasla without
evidence off an increase in the lymphoid cell population, Figure 28,
QIR AVFEOTED TIGOURS.

A List of the other tissues in the body which were found £o be affecied
by Iywplicsaccons {e glven in ‘fable 3.

Focl of tumour cells, which weve losally destruciive and pewipherally
infilevative or luvasive, were charscteristle of wost of the these vthey

organs and tlspues,

TUMOUR CEYL MOREHOLOCY.

The cell morpholopy of canine fymphold tissue. The cell types found
in the ilymphoid tissue of man whick have been deceribed by Ham (1961) were
almpst identiecal to those observed in the lymphoid tissue sectilous of 20
doge which were clindlceally free from dlsease, Ham recognised oaly thvee
cell types in the lymphoid cell line, the lymphoblast, the medium lywphocyte

and/



and the emall lymphocyte. ITn the dog, 1 woee possible o ideniily & cell
populations, Lymphoblastes, lawge lymphocytes, mediuvm lyamphoeytes and small
lymphocyies. Identification of the wodal cell in ecach. group was welatively

glmple, but there was so wueh wvaviatlon theb wmany fundivideal cells could

not be classified with certaiuiy.

The lyinphoblast was the wost readily identifiable of the modal cell
typas., 1t wasg one of the lavgest cells iln the tizsue, with a well dofined
vound oy angulay ¢ell membrane and a marrow rim of pale basophillc eyto-
plasm, occasionally revealing a filue perinuciear halo. The bneeleus was
usvally vound, bui it vaylad from oval Lo anpgular, and its membrane was
thin and defined by a narrow lining of condenpsed chvomatin, Flne chromatin
particles wore seatieved throughout the nuclear sap which remained zelatively
clear and wnstaioned, A leptochwomatin network yadiated from a proamloent
gentral nueleolus to liak up the chromotln particles. The nucleclus was
gither cosinophilic and trausluceni, or of a pale basophilic colour, depending
o the degres of chromatin condensatlon o and agound it., Thewe were occaslonal
blast rells whose almost naked nucleolus cceupled over 50% of the nucleus,
gthevs showed 2 op 3 nueleold, some of which were marginated on the nuclear

membrane ,

The lange lymphoeyte was almost as lavge as the lywphoblast, Its nucleax
cyibopiasmic yatiu‘was alpo similar, bhat condensation of the chromatin was
more wmarked, and the sucleoli were swall aud qulte {dnconspicuoms. Large
chromatin paviklcles weve obsewved inn the lining chromatin of the wocleus and

slind lay/



gimilar particles were present inm the sap, tending to overly and obscuve

=

the nucleeli, The supporilng chromatisn network was also eoarvser than in
the blast cell,

The medium lymphocyte was & shaller cell which showed even wovd mavked

differentiation. %The nuclear cyteplasmic ratio was nften low, but could be
1:1, and the c¢ell membrane was weil defined, The eytoplasm was pale and no
pevinuclear halo was visible., The nuclear menbrane was obscured by lavge

dense blocks of chromatin which were also found ceuwrcally, pavily obseuring

the nuclear gsap which was somewhat basophilie,

The pmall lymphocyte had ldiile ow no visible cytoplaom. Iits nucleus

was round or slightly indented and almost entirely packed with chromatin
blocks, Where the wpuclesr sap was still in evidenee, it was distincily
bagophiliic,

Cells indisitinguishable fxom those of the lymphold cell sexies, but with

a much wore basophilie cytoplasm, waere assumed to Delong to the plagma cell

dinge. The matvre plasma cell had a nucleus ddentical to that of the small
lymphoeyte, bui ihe nuclesr cytoplasmic vatlo was at least 1:1, The cytoplasm

wap quite basophliie offten with a pevinuclear halo.

The primitive retlcular coll, probably better termed simply the gtem cell,
was the larges? cell dn lymphold tissue. It was choracterised by an oval
nuciens in a vound, apparently empiy space, suryvouwnded by lymphooytes. 'The
nuclear cytoplasmic vatio was often less than 131 and the cytoplasm conld
scarcely be wecognlsed because it was so pade, Its eell menbrane was also

diffieunly/



diffienli to identify but could sometlwmas be appreciated as it lay agalnst
naighbouring ceils, The stem cell nueleus war oval with a finely etched
nuclear membrace iined by only a navvow,slightly particulate, chromatcin £1Im,
A emall auncleolus lay in the centvre or jusi off-ceuntra, appaveuntly coated by
a cheomatin file Zvom which fine chwomatin styrandsz radiated towards the
chromatin Llping of the nucleay membrapnce. The nuclear sap was unstalned,

Occaaionalily, & promlvent pale auvcleplus was found in a siem call,

The petlculowendothelilal aell was very simllar in appearance o the

stem cell axecopi that its cyvoplaswm was faintly basophilic and the cell
membrane wos well-dafined. In the sinuses of the nodes, these cells weze
linked by cytoplaswic bridges Inte 2 loose network. On sectien, the wetilculoe
endothelial cells whilch were lining sinvees were thin and flattcened apnd

contaived a vucleve which was compressed and dense.

ginilar cells, which hed #ounded up and contained cell debuis, carbon
particles, haewosideria or other material within thedr failrly ewtensive

cytoplasm, were identified as macrophapes,

The cell morpholosy of the twaour tlasues. With the light microscope,

sactions of tlgsues affecied with lymphosarcoma and stained with hwemotoxylin
aod eosin contained tumour rells which, as individual cells, wore indice
tinguishable from those found in the iymphold biesue of dopa which were free
From this diseasc. Tumour ¢ells could only be recognized as suech because they
tended to form relatively unlform cell sheets and these cell formations were

iafdltrative aud destructive.



The wodal tumour cell type or types which were present iln iymph node
gections from 109 cages are shown in Table 13, From this, it can ﬁm Ohe
perved that &0 of the 109 sectione presented lezlong in which the dominant
eell type was a lawge Lymphocyte or more lwsatune cell, whilst 42 cazes had
a tumouwy cell population in which maburer lymphold cells weve well wepresented,
In prdew o velate the modal cell vype or types with the age and sex of the
animal and alse with the duration of the clinleal I1lincsgs, these cell groups
wave tevmed the "immwmiure call groun’ and the "mixed and mazure cell proup”
respectively, Flguves 29, 30, 31 and 532. In 7 gections Ehe eytology wes oo
poor fo snable vecognition of the modal cell, In 3 other sectlons, there was
a high myelold element and plasma cells were aumerous in one other, Thers
was no stabistical difference in the distributilon of wodal tumour cells between

. . 2 ,
the two major forma of the disease,X” =~ 2,17 with one degree of fiecdom.

A comparison waz made batween the tumour cell iypes in node gectlons and
those found elsewhere throughout the body. In 47 cases theve was definite
evidence of dnternal varlatilon, but this variacion was less marked when the
tumour cells yeve clagsifled lnto the "“lmwsture cell grouwp” and the "mizad
ot mature cell group." However, the differences In twnour cell types fxom
organ to organ were silll too wide fov this form of classificavion in 17
cases, Table 34, Thus, apart Srom 1/6 of the total number of cases exsmined,
the domivent tumour cell type in lympbh ncdes affected with Iymphosareoma iun
the dog was an indication of the tumeur eell populetlon in lesions in other

parts of the body,
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The Modal Tumour Gells i the Iymph Node Sections.

Cell Types Mnlg:zﬁgtric Aléﬁiﬁgary Total

Stem Cells 2 0 2
Pleomoyphic blast cells 3 0 3
Lymphoblasta 19 ) 25
Lymphoblaste and

large lymphocytes 10 1z 22
Lavge lymohocyites 2 G 8
Bilasto, lawrge and

madlum lynphocytes 3 1 &
Mediom Lymphocytes & blasis 1 1 2
Large and mediun lvmphocytes & 5 9
large, medium and

amall lymphocytes 0 2 2
Adl cell types é 12 18
Madium and small lymphocytes 2 1 3
Plaswa calls 0 1 1
Myelold elementa 3 0 3
Unidentifiable 3 & 7
F¥otal 58 51 109




Rumowy Cell Types in 47 Cases Where There was a

Vexiation in the Modal Call from Organ ta Orpgan.

Fomatuve cell types 253
Mixed or mature Lypes 7
Wide variation 17

Total 4.7



Mitotic yates. The miteotic vate was estlmated for each affected lymph

Y s S F UM AR

node section at a wapnlfication of x 5D and classifiod on the following
bhasis, Where a mibotic figuve waw obscrved in every fifth f£ia1d or ionpe
which was selected at random, the vate was “low,”™ 7T# one or more Ilgures
were Tound repulavly in every fourih ow £ifth £ileld, the term "moderate™ wag
employad, When every second or thivd fileld presented gigng of mitosis, this
was classifled ag "high;" the vterm "very high” belng veserved fovr those
inatences wheve almest every fleld centalned morve than one flgura. This

wag an arbitrary nvathod and proclse estimates weve vot poszible due o the
vardations in the rate of mitosis which could occur from avea to arvea within
a section, Hogever, it wap bellevad to give 2 weasonable indlcation of the

diffcrances in the rates of mltosle ameongst the sectionn in rhle sevies,

The mitotie wates In lymph uode sections froa 109 cases ave glven in
Table 15, In the "lmeature eell group,” 48 of the 60 cases had a mitoiie
rate which was high o wery bigh, whilet, in the mized or mature cell group,”
29 out of 38 had vates which were woderate or low. Statistical annlysis
aghowad that thers was a highly sipgrificant difference between the Cwo groups,
at the 0.1% level, ?Q? w 29,33 with one degree of frecdom. It could thus
be coucluded that the mitotle vate was closely relaied to the tpmour cell

type, and that higher rates were found in the more lmmature cell sheeta,

Iwprine: £ilmg of affopted lymph nodes, In 14 cases, lywph node imprint

films were praepaved and gtalped with Inichman's stain., Wictologleal sections
were prepaved from the same nodes and staiped with Haemaibomylin and Bosio.

The tumour ecll types obsexved in eaech of the two methods ave given im Table 16.
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Mitotle Rabes ail f:he; Modal Call

Types in the Imaph Nods Sections,

Bacimated Mitotic Rates
Hae

Cell Types Vexy High High Moderate Low . o4 woral
Stem cells i 1 0 & 2
Plecmorphic blast cells 1 2 0 ¥ 3
Lymphoblasts 2 21 2 | O 25
Lymphoﬁlas kg and
large lymphooytes 5 10 6 i 22
Largs lymphocyies 5 i} 2 3
Blagts, lavge apd
nadiwm Lymphocytes : 1 1 2 &,
Modium lymphooytes & blasts i i 2
- Large & medium lywmphocytes 2 4 5 9
| Large, madion and
small lymphocytes 1 i 2
ALL cell types 3 3 10 i
Medium & emall lymphooytes 3 3
Plasma cells | i 1
Hyeloid elewments 2 1 : 3

Inidentifiable 7 7

Poval 0 50 18 25 7 109




Six of the Tiftcen cases showed tumour cell types which wewe identical

in the famwints and the zections;

towards a wore diffeventizred cell type in the isprints;

in wix others, there was an apparent shift

in the 2 remoining

cases, theve was wmuch less evidence of pleomovpbismiin the Impuints as com-

parved to the sectlons.,

fhen classifled dnto "lmmature” and’mixed and matere™ groups, oaly

OHNe [ase;

Moy 25004, would have veguixed re-clasaification,

TARLE 16,

Tumewr: Gells Identifled in Iwupedné Filws .and Histolonlcal

Sections fyom ihe Saxe Lyoph Node Affected wiih Tymphosarcoma.

Gage Wa.

T

12998
176807
23157
26477
24644

43338

25257
25004
25830
23913
25690

25784

iymphoblasts & large lymphocyies

Large, wedium & snall Iymphocytes
Lymphoblasts

Lymphoblasis

Largs lyaphocytes

Lymphoblasts & lovge lymphocytes
Iyphohlasis

Lysphold and myelold cells

Large lymohocyies

Large lymplocytes

Tavge lymohoeytes

iymphoblasts & lavge Iymphogytes
Lywphoblasis

Tyuphoblases

Batology,
Lymphoblasts & large Tymphocytes
All types
lymphoblasts & lavge lyuwphoeyies
Tymphoblasts
Lymphoblasis
Tymphoblasts
Iymphoblasts
Lymphold and soyeloid cells

Lguphoblasts

A1l typas

Tymphoblants
Lymphoblaats
Lynphoblasgte

Lymphoblasts

84




SPEGIAL EXAMINATIONS,

HBAEMATOLOGICAL FINDINGS.

Venous blood samples were taken from 91 doges in which lymphosarcoma was
confirmed at autopsy. There wera 30 cages 0f the nmiticentric form, 39 of

the alimentary type and 2 of the aberrant form.

The Brythrocytes,

The egrythrooyte cedimentation rate, (H.8,R.). A total of 224 exaninations
was cavriad out and the results ave glven in Table 17, ITon the mwltlcentrie
form of the disease, move than half of the readings were lese thap 10 mm, /houn,
bt 20% ware higher than 30 mm.fhour, In the alimeatavy fown, readings greater
than 10 me.fhour were obzexved in only 25% of the smmples. The aberkant cases

appeared to follow the patitern of the multicentile ceses.

Zacked cell volumes, (R.C.V.). The results of 258 examinntions are

presented in Table 18, In the muliicentric form, 123 of the 182 readings
were less than 40%, 36 were wnder 30% and & of these had fallen below 20%.
A slmilar tvend war observed in blood samples from the otherx itwo forms of
the disease. Towever, 3 of the samples from the alimentary form gave readings
vhich were higher than the normal range, which probably wefilected the greater
rislk of haemoconcentration assoviated with the more pexsisient £fluid loss

in thiz form of the disecase,

Haemoglobig gstimations. Talbvle 18 showe the resule of 249 hasmoglobin

astimatlons, Over 50% of all sauples from the multiconitrie cases gave readings

whichf



gappn 17

.

brvihrecvie Sedimentaitlon Bates in Pogs with Lwmphozavcona.

Malticontrie Allnentary Abgxyvant

. / honr Fyme Type Type Total
Qe 54 49 5 136
10- is 3 21
20 16 3 19
30w 7 4 1 12
450w 12 ' 2 14
50m 9 3 i i3
60 K} 2 2 7
Samples 149 64 11 224

Dopgs Ha 36 2 32




zapig 18

Comnts.

o3
<&

Ieveis

"

3ohin

Hoemo

Packed Cell Volimes

ral

o

Abezr.

Alim,

Aber..

A?..‘; i

*

pet

w0

<G

[
o

W

20

i)
[t}

i3

E:v‘

L8 11

28e

iy}

o)

o

L

v
o

1%

&7

89

Ty

32

2 62

54

21

£}
-

4G

3
£

[0
[

16=

28

14

50~

kit

bl

-
3

26+

Lt

60+

o

i
bt

e
N3

72

63 258 Samples 165

Samplss 182

&3

&5 33

Dogs

(¥4}

4]

~

Bogs

[
sy




which wege lesa than 12 /100 wl., of blood, OF the sompise from the
alimentary cases, approximately 33% weve less than 12 ga. /300 ml, of blood,
Fach tesi carrvied out on the blood samplesz from both cases of the aberrant

group was iu this low range.

Total epythrecyie countas. In Pable 18 the resulis of 219 estimations
are shown, AMnaemia, as avineced by a total gount of lesgs thon & willion
erythrocytes pey ou.nm., was found in 60 ovk of a total of 141 sawples from
the multicentric cases. Only 15 ovt of a total of 67 samples from the aline
entavy cases showed readiuge in thiz low range and in this Zorm of tha disease,

& pecults oxceeded 8 millions per cu,wm.

MG Ve and M.OW AL, Table 192 shows the Meoan Corpusgeular Volumes and

Table 20 pives the Vean Corpuscular inemoglobin Goncentwations of the euvihro=
3 Yy

cytes.

Thie'se data indicated a velatively novmal M.6.V, in the majority of samples,
but there appeared to be some Lendengy bowavds nilcroeytosis in some of the
pamplas from casee of the alimontary type; 11 of the 68 samples gave vesulis

less than 60 cu.p.

An atmormally high or low M,0.H.C. way only observed in a swall ntwber

aund this could well be due Lo technical variations alone.

The progress of anaewla Lit Ivmphnsargoma. There were 19 dogs from which

mora than 4 blood samples were examimad durlag che course of the disease.
Fourtecn animals became progressively anaewic with a relatively steady decline

iaf




 Mean Gozpuecular VYolumes,

Multicenizie Alimontary Aberxant Total
UL
< 50 3 i i %
50~ & 1i 1 16
60w 22 32 i 35
70~ a9 15 6 60
80~ 38 17 G5
90w 19 B i 25
1004 7 5 1 13
Banples 132 G5 il 200
Pogs £:3 35 2 80
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T anei i

Yean Gorpusculor Gaemoglobin Qoncentration,

Multicentyic Adimentary Abenywant Total
Al
< 23% 4 i 4
23%~ 132 62 10 224
0% i 2 1 &
Samples 157 65 1% 233
Dogs 43 B35 2 80




in the total erytheocyte count, the P.C,V. and the concentration of haemo=-
globin, In Lwo ingeances, the dogs vwevre irankly ansemic throughout the
courae of the clinical disease, hut in two others there was no meapurable

onacmia. Ope additional case was anaemic to hegin wich, but chis improved,

Giveulating normoblasts, Twature erythroeytes were observed in many
of the bleed films. ‘These were aainly cosinophilic wormoblasts, but earlier
iprms were observed, especilally when normoblasts were present in relatively
large numbers, Table 23 shows the suwbeyr of blood filme containing normow
biasts In apvaemic and pon-anaemic dogs with lymphosavcoma. Table 22 gives
the concentration of wormoblaste in three anatomical groups, expressed as
a percentage of the clreulatiag loucocytes. ‘Table 23 presents the coacen-
teation of normoblasts accoxding to the degree of anaemia in the swlitlcentric

group.

From these zeepulia, it was coneluded that a high percentage of the blood
€ilms fvom dogs with the wuliticentrilc Form of the disease contained normoe
blasts and, whilse their presence was not clearly related to anaemla, those
which showed wore than 10 nommoblasie per 180 leucoeytes were statistleally

. . ' 2 g oa
more likely to occur in anasemdc an;mals,}é = §,7 for one degree of freedom.

Bummary. From the foregoimg resulis, it wae concluded that prograssive
anpenda was common in lymphosarcoma cof the dog, particularly in the wuliis
centric Zorm of the dilgease, The anacmis was normoeyiic and normochromic
and cilvceulating normoblasts were a recurving feature, especially in the

multicentric cases where high numbers were often absociated with ' firank anaemia,
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The Relgtipnﬁhip of Neymoblasis

Aud whe Fotal Fryihrocyte Gount.

Malticentzico Alimentacy Abarrant ALl
o808 cases canes cases
Total number of
ovaminations 4% &7 11 219
Fodims with :
normoblanes 108 17 1 126
Evythroayte
counis g
< & 3 10° cv.mm, 45 8 " 53
ot ;@ 106/au.mm; 43 ¥ i 56

Tnrecordad 14 pA - 17




Zhe Nugbers of Givculatine Normoblasts.

Normobiants Multicentsle Alimentary Aberrant
/100 cages cases cases
leucoaytes
<1 55 4 L
o 39 3
10« g
20w 1
30 2
& 2
bles

Totals 108 17 1




TABLE 2 3

SV AT STy A L

Tha Numbevs of Clveulaving Normoblasts Gowpauad with

Avsemia In Multlcentrie Gaved of Lymphogarcoma.

Wormohlagts R.B.GC, ReBeOs LBy Toral nunber
F360 leucocytes < b 106 >4 % 106 warecorded of cases
i 17 25 10 55
i 8 18 3 39
10 6 i =R 9
20 i t
30~ 1 1 2
&0 2 2
Porals 45 48 13 108




The Leneoryies,

Fotal leucoovie counts, The resulis of 261 examinatious arve shown in
Table 24. Ileucocytocis was accepted as a total white cell count in excess
of 16000/cu.um. This was observed in 65% of bilood samples from 50 multicentric
dogs and 7% of those from alimentaxy cases, All sawples from the 2 abeyrant

cases showed leucocytosis,

Bifferential lovcocyte counts, In the prelimivary diffeyential counts,
three madn cell typee were vecopded, viz, the neutrophils, lywphooytes and
eosinophile. Repecated craminations falled to demonstrate that the monocyte,

ghoerved lo human blood, did in fact oceur in canine blood.

The abwolute nentwophil, absolute iymphocyie and abzsolute ecainophil
counts of 247 hleod films are given in Tables 25, 26 and 27, vespectively.
Sauples chowing a neutrophilia alone, a lymphocytosis alome, or neutrephilia

apd Lymphocytoails auve listed in Table 28,

Neutrophilia wos an outstanding featuve, oagurring in approsimately &3%

of the blecd samples from the three groups,

Approximately L in every three bhlood samples vevealed awn absolute lymphow
eytosis in the multicentric and the alimentary cases., Lymphocybosis was alszo

a Zesture of all the blood samples taken from the two aberyant cases.

An absolute lymphoeytosis was frequently masked by the presence of neukros
philia and this type of leucoeytorls was observed In 25% of the muliicentrice

vases, 28% of those of the alimentary type and 7 aawples from the aberrant caseg,
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Total iloucopyie Goulis.

K
x 107/ cu. .

O 16w 82+ 4Be  Ghw gOF oUAL 2‘?‘32‘;}
Mt; ;n;.;t:ant'.x:i\,t.':. 73 66 22 9 ) 3 13: 7 50
Alimentary 24 26 16 3 3 1 75 | ;é
Abapwant - 4 pA & - 1 11 2
Total &7 %G &g 10 G 10 261 91




Absglute Neuirophil Counts.

’k!
% 107 fou e,

Total Numboer
Om Gw 12w Zha 36« 40 counts of dogn
Multicentric & 5 69 20 5 17 169 43
Alinencary 8] 17 29 9 ] & Y 37
Aberrant 1 8 - 3 2 2 i1 2
- Botal 5 7 o8 32 13 a3 27 87
TADEE 2 6
Absolute Lymphocyte Counts.
% W7 ew.om,
. a5 . a. - - . Tatal, Mumber
¢ G 1 ) 20 25 304 comnts  of dogs
Maltlcantric 1 26 13 4] 2 i 9 169 438
Allmentary 42 18 5 i - 1 - 67 37
Aberrant " 5 4 k) 1 - - 11 2
Tatal 156 40 20 3 3 2 9 247 87
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Absolute Boninophil Counis in Canine Lymphocarcond.

“per cu_.,.'mma

Nuwber of Number of
< 1600 1600« 24004 eases dogs
Vinlticentric 157 2 10 .i69 &8
Alinentory 65 é w 67 av
Aberrant | i1 - | " 11 2
ALl rases 233 4 0 2.7 8?f*

wpne 28

Bttt i s et

The Tncildenve of Teuconyiosis in Doss with Lynophosarcoma,

Maliicenegile Alimentawy Aberrant

Type Type Pype All cages
Mubey of doos 4B 37 2 a7
Number of eounis . 169 67 11 247
Leucocytosis 113 56 it 160
Neutrophilia alene 58 31 * 89
Absolute Iympho-
eytogis alone 12 G 4 22

Heutrophilia and
Lymphocytosds 43 19 7 69




Tosinophila., A marked cosincphilia was present in 10 blood pamples

from the wulticentiie case, number 2539, which showad persistent absalute

leucocytosis,

Zhe Tdentdflcation of Tymphoid Gells lu the Pevipheral Blood of he Dos,

In thin well stained blood £llms from doge, whioh werse not puffaring
from lymphosavcona, there wag considerable wairiation in the wmorphology of

calls of the iymphoid series,

the modal cell typsa. The gmall lvepboeyts was a compact eell slightly

graaber in dismeter than an erythwocyte. It had a yound or indented denpe
ruclens In which chvomatin condensatlon was markad., A £ine rim of pale ov
doep blue cytoplaom was pyeseni: and in it, there were ofien a few asurophllic
grajmulas parvticularly in that part ¢f the cytoplasm which was adjacent to

the nuclear indentatvion. The mediwa lymphocyke was epproximately M times
the diameter of the ved ¢ell, Tiés nucleus was less dense than the small
Lymphocyte and the cytoplasm was more abundant, The mueleus was vound,
indented, or angulaw and the chromatin was present in thick clumps, The

cytoplasm varied in colour from deep blue to colourless, The lavge Iymphocyte

was a call with a vound or ovold profile. It measured up to 3 times the
diameter of an erythwocyte, and its nucleaw cyteplasmic vatio was up o 1:1.
The cytoplaem was pele blue, sometimes with a slightly greyish appeavance
and vacuoles were occasionally present., Fine azurophil granuleg werxe obe
parved, but these were not a consitant featuve, The nueleus was rownd o

oval/




oval and the nuclear wmenbrane was digtincé. The pachychromaiin formed

falvly well defined stvands on a paler background and this chromatin partialiy
pbacused any emall nuvelevld which werve present, Other cells similax in sime

to the larpe lymphocyies weve also found, Their cytoplasm was Iludistinguishable
from that of the large lymphoeytes, but there was mavked lobulation of the
auclel. These large lobulated lymphocytes had nuelel which were Uw-shaped

and pilobed. WMany of then had a cloverieaf pactern. In some there was

avidence of nuelear and cytoplasmlc vacuolation, but there wave sufficlent
nambers of those cells wlith good morphology to accept them as representative

calls, and pot as artefacts, Thelr ntclear elwomalida was asuaily fluer in

texiture than the nonelobulated large lywphoeyies and nuelesli wave wave, Fig.33.

Intermediate cell types. In a good blood Film it was possible to

Gdentify the modal cells without difflculey, bue there was so much varistion

in call morphology that every possible iantermedisie form could be observed.
Many smell and medims lymphoecytes were fiound to have warked muclear indentation
widch gave the aﬁpaaranme of lobulation and the cytoplasm of thege cells was
often deep blue. The cytoplasmic nvclear ratio of the medimm Lymphocyie

varied widely. Some of these cells weve charvaciewised by a nuelear cyto=
plasmic ratio of approximately 1:L, ‘Whey had a deep basophilic cytoplasm

with a perinuciear halo and ware asvumed to be cirecslating plasma celie,
Finally, there were cells present with a naprow vim of eytoplapm, but with

a nwaleus indistinguishable from thet of the large lympliceyte.

The term "styplcal lymphoecyte” should not be used to describe every

Iymphald cell vhich deviates from vhe wodal types.

100




Bffate Iympbold eelis. In fllims where the eytology was otheiwise

exceilant, cells wewe obsorvad which eppeared to be senile or disrupted

Iymphocytes, Three forms were encounteved., The fixst type waz approximately

1?.’{ "~

13

2 tlmes the wed gell diameter, Its wucleug was compressad centwally

leaving a pale area surrounded by nvclegy remnants which were marginatad

oo the eell wembrane, The ceccond type was a eqll devoid of eytoplagm or

a nuclear mewbrane, This pave the adpe of the nsked nuclevs a vogped outw

iine, It was oval or zound, pale plok Ju colour, with ne distinct chromatin

patiern. in cells of this type a prominent nuwcleolus was observed in some

instonces, The third type was 3 » 4 tiwmes the ved cell dieneter, It was

found most ofiten da the posterior section of the body of the £ilm gnd waos

composed of a loosely arranged skein of pink gr bapophilic fibwils,

The Jymphoblast, Ehis cell was only very occaplonally observed in non-

leukaemic Eilms and 8o o establish cvitevia for its ldentification, inprint

amaay

g fvom lymph nodes wewe prepaved and examined, Nodes from healthy dogs

and these affected with lymphosareoms wore used.

cyte.

the cell leaving @ wnarrow yim of blue cytoplasm which was devoid of granulation.
A perdaucleay halo was present in a wminority of these cells. The nuclear
wewmbrane was well defined and there was early condensation of the chromatin

to foxm a fine stippled network. This was much paley in colour than in

Lymphoblaste werve large cells at least twlee the diameber of an erythro.

They had round, indented, ov angular wuclei which occupied wost of

£ S 172G 3 OF movae c0li were counstantly fovad.
tymphoeytes of the sawe size. One on moye nucleoli were constantly d

These were lavge, prominent and outliped, bui never obscured by chromatin,




Gytolooical vavlations due to film depth, The morphology of cells in

a £1lm was governad to some oxtent, by differences in film thickneze. In a
thick, crowded area of a £ilm, the nualel of mature neutvophils were dewnse,
compreased and davk blue to black in colour, Similar cells in a thin pavt
were much lavger in ddemeter; their nuclel were mueh paler and dipplayed
chromatin clumps, Dlffewrences wers also observed amonget lymphocytes in

thick and thin arsag of such films,

These observations wnderline the need to stapdardise the methods of

prepaving blood £ilms for comparaiive studies.

phoid cell dictwibution In a blood £ilu, A diffevential lymphocyte
count wag pot attemplted watldl the £ilm was flvet scanned €o emsure that
call distribucion was not grossly aboormal., %Theve was often a tondency for
the large lcbulated and the effete cells to congrepate ucar the edges and

tails of the flln, Fallure to elbeck thie could result in quite ipaccurate

counts,

Ehe incldenca of 1¢ukaemia. The term leukaemia wae defined ac an

abzsolute lymphocytopis greater than 30,000/ cu.mu. , irrespective of the-
types of elveulatiag lymwphoid cells, i.e. both the sowcalled acute and chronic
forme of fvamk leuksemla, or as the presence of cireulating lymphoblasts with

an abgolute lymphoeyie count of less than 30,900/ /cum., l.e. subleukaemla.

Leukacmia wag observed in 13 dogs, but clear haematological evidence
viap Found only in 16 of the total of 56 blood samples from these sulmals,
Table 29, The ebsolute lymphoblast ccunt vanged from 300/cu.ws. to just

over 5,000fcu.im,

10
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L T T

The "Eypa” of Ioukaomia Obsexved in Does with Yymphosarcoma.

Muiticentric Aldmentary
" O mp e DA A I P
Bubleukaemtas
Wumber of dogs & 2
Loaksemic blood saaples 5 2
Tolal blood aamples 0 3
Taukacmia, "Acubta®
Mumber of doge i -
Leukzemic blood sasples i
Tatal blood sauples 1 o
Leukaewic, “Chwonia"
MNunber of dogs & -
Leukaewnic blood samples 3 -

Total bload sumpiles 37 -




Thus, approxinately 88% of the dope which wevre subjectad to haoomatow
logical examinations wave never leukaemic according to our eviteria. Louks
aenia wag nelther conptant nor progressive and in 6 dogs from which three op
move blood samples were examined, only 2 of them were leukaemic duwxing the

terminal stages of the diseane.

The distwibution qf Tymphold cille

in cases of lvmphocytosis, An

aleukaewic absolute lywphocytosis was froquently entountered in dogs with

lymphogaveoma and a comparison was wade of the lymphold cell types in dogs
suffeving from the wullicentrio form of the disaése, the alimentary Yowm and
algo a few dogs which presented lymphocyiosids, but were affectoed with diseases
other than Lymphoparcoma, including pyometra, ehronic interstitisl nephnitis
and caveinome of the pancreas. The lyuphoid eells in the blood £ilws were
clasgified as 1) emall and wedivm Lymphoeveess, 2) large non-~lobulated

Iymphoeytes, 3) lavge lobulated lywphocytes and 4} unolaseified lymphoid cells,

A total of 43 llmg wap ewanined, including 21 £ilwme from muliicentric
cases, 16 filws from alinentery cases and § from doge with other disaases.

The vegulis ave showy in Tablie 30,

There wene avw gtatistlcal differences in the distribution of cirveulating
ivmpbold cells ampongsc the three growps, awd 16 was concleded that ao charactere
istic changes cceur le the pevipheral bymphold bloed cells of dogs with

lymphogareoma which have aleukaemic absoluke lymphocytosis.

1404
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paprs 3 0

The Bistribution of Cireulating Tymphold Celle

in Cages of Aleuksemic Absolute Lymehocytosic.

Mulcicenirle Alimentary Ohher
Eymphiogarcona Lymphosarooman Digoases
Numbore of Filmg 21 6 8
Absolute
Lymphocytonis 10.86 £ 6,7 9,67 + 6,19 8,7 £ 3,21
fmall and medism
o Lynphoavies G.7 & 5,92 G.0 % 5.44 3.9 £ 1,4}
i S | -
-
K Targe Noo~icbulated
9 Jymphooytes 1.73 & 7.7 .40 % 1,10 1.5 & 1,77
g .
S
N Lavge Lobulated
™~ Lymphooytes 1.87 £ 1,79 1.79 £ 0.99 2,5 £ 1,11
}
tnclassified
Lyaphoid Gells 0.35 > 1.62 Q.46 * 0.495 Q.8 & Q.53




BIOCHUMECAT HRAMINARIONS OF TRE BLOOD,

Blooed Uirea Reokimations.

The rasulis glven in Table 31 show that 54 out of 4 total off 182 sawmples
gave veadinps of 60 ng. of uvea per 100 wl. of blood or move., The elevated
resnlis wore Srom 28 éogs.' Table 33 presentg the anatomieal types ionvolved,
togetier with the grops appeavance of the kidueys at the post-moirien exsnie
ination, Sixteen of these dogs wewe found to bave kidneys which wexe not
macerogcopleally abnowmal and three anlmwals in this group had blood urea lavels

greater than 200 myg./100 wl,

These wesulis nay lndlicate that extva-venal urasmie wasg present in

caviain cases of Iyuphogarecoma of the dog.

Jotal Plasma Provein Hstimations,

The results off 129 exuminadions of blood From dogs with lymphosarcoma
are given ia Table 32, Approximately 40% of the estimations were lower than
normal and 5 semplep fron doge with the allmenvavry fomm of the discase gave

veadinge of Jess theon 2 g/ 100 mi.

In almost every csse where guliipls samples were taken during the course

of the disease, the decline in the plasma protein levels was progredgeive.

Bhe A/C Batios,

The distribution of the A/¢ vetios lu dogs with Lywphosarcoma is pre-
sented In Pable 34, The novmal vange was taken as 0,6 to 1,2 and this was
observed in 49 of the 104 estimatious, Right were higher than 1.2 and the

othar &7 vesulis were lower than normal.

A VD
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Blooci 'ifﬁ'(f.{i Ee;i:imai:i.on_s.

Blood urea in Mas/100 mi, blood

il
<0 10- 30« G0~ 00~ 120= 150 180~ 210+ Tokal Ngégg“
Multdconteic 43 a5 13 & 7 i 2 2 99 &3
Alimentary 1 a6 28 10 o z 76 4.3
Abesrant & 1 1 i 7 5
Total 1 73 54 24 16 7 i 2 & 182 89
TABLE 3 2
Zotal Plasma Frotein Rstimationd.
Protedn iu Gf100nl., of plasma
Qe Be  be  Ge  Gu P B 94 Total Ho. of
loge
Multicontric 0 5 14 20 11 7 67 39
Alimentary 5 9 13 i9 7 3 1 57 36
Aberrant type 2 3 § 3
Total 5 17 an OH8 13 1 i 129 75




TApiz 3 3

The Macroscopleal Appeavance of Ridneys from 28 Doga with

Dymphionaxcoma ghose Blood Uzes Yevels Roge Above Gomed 100 wmi,

iesglons of hegiong of o gross
lymphosareoma neghritie abnoymal ity Total

ohserved
Multicenitric 8 1 7 16
Alimentary 1 2 8 1l
Abervant type 1 1
Total 9 3 16 28

AUN
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Plasma Albumen and Plasma Globulin lLeveld,

Tables 35 and 36 show the total albumen and total globulin levels
reapectively of the plasma or serum whileh were derived from the A/¢ ratlo
and total plasma protein estliation of 104 blood samples from 70 dogs with
Lymphosarcoma. The f£ibyinogen, which lg assoelated wich the globulin fraction

in the plasma. is small enough Lo be lguoved,

Nearly 50% of the albumen levels were lower than the range accepted as
normal at this hospital, 2 - 3.9 G/L00ml, 93% of the plobulin estimations

were withlia the novmal wange of 2 « 4.9 ¢/ 100wl

From this, it was concluded that the decrease in the tokal protein of
the blood was due to a #all in albumen conecentration whilst the globulin

fraction remaloed velatively stable.

Alkaline Phosphatuse Bstimations.

The resulis of the alkaline phosphete estinations are presented in Table
37. The upper linmits of novmal for the dog were taken as 15 to 20 Ring

Armstrong unlts.

Alwmost 34% of all the blood samples gave an abnormally high wesult,
leclading nearly 431% of those from mulitdcentric coses and 21% of the somples

Erom dogs with the alimentary fowrm of the disease.

The Serum Transaminaseg.

Tables 38 and 39 show the 8.€.P.7. and 8.6.0.7. veadings wespectivaely
from 24 dogs with lynphosarcoma. The normal values were taken as < &0 8.7,

unite for 5.G.FP.7T. gad < 40 8,7, univs for 65.6.0,7,




e 39

Serum Albumea Tevels.

mﬂ.f 00 mi. Bampleas  Doga
<3 T 2 B &ow Bw He il
Multicentyic 3 10 31 7 2 s G1 37
Alimantary ) 20 13 3 &1 31
Abgryvant type 1 i 7 2
Toeal, 11 ¥ &ty i0 2 104 70
zaps 36
Sarun qu‘iqta?_.:m Levels,
g, f100 ml, Bamplos  Dogs
<4 1 2» 3w lym e B 7
Multicanteric 1 14 32 2 1 Gl 37
Alimeantayy 4 11 20 5 i 47 31
Aherrant type 2 2 2
Total 5 31 52 14 1 i 104 70
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TARLE 37

Alkaline Phogphatase lavels.

K,_A. Unitn

1i&

| Yo, of

< 20 20 40w 60w 80w 1004 Total doge
Multicentzric 36 9 4 3 5 & 61 a7
Alimentary 42 4 Z 2 i 2 a3 32
Abervant type 1 1 2 & 3
Total 78 14 & & 6 & 118 72




ZADLE 3 8

S.6.B, T, Lavels in DogaPSufﬁering_fzcm Eymphugarccma.

<40  4G- 50+ 60~ 70+ 80« 90- 100+ Total o:OF
" - ' : " doga
Multicentrie w2 1 ] 21 14
Alimentary 13 1 1 1 16 10
Aberwani Typo &
Potal 30 3 2 1 1 37 24
Tape 39
GG 8.T, Iovels in Dogs Suffering from Lymphosarcoma.
No.of
l:. ‘{- L - ) L - ™ - 4
< &0 0 50 o0 70 80 o0 100 Total dogs
Multicentric 13 3 2 i 3 i 21 13
Allnentary 13 31 i i 16 i0
Aberrant type 0
Total 26 3 2 1 2 1 1 1 37 24,
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Blood Biidvubin,

The vesules of 105 estimations of Lthe fotal bllirubin in the bHlood of
65 dogs with lymphosarcoma ave presented in ¥able 40, Readings which wewe
D.7 or less were fgund in 80U% of the zamples, The rest were dezived Irom
13 dogs, three of vhich weve visibly affected with jaundiee. The bilirzubin
levels v these 3 dogs wore 2.6 mgun./3100 wl, or greater in 8 of the 9 camples
examined., OFf the 10 doge with waised weotel bilivubin levels, but free from
elinleal jauwndice, & showed antenasive infiltwation of the liver by tumounr
aallp, 4 showed modeyate infilivation, 2 weve slightly infilivated and 2

others weve waflfectad,
Snany,

Abnormal resulits In voubine bilochemical tegts of the dloed of dogs with
Lymphosarcoma were probably a reflection of the progressive organ failure
witleli 1s associated with this disease, but none of the tests had dlagnosiiec

siznlficance.

RADEOLOGICAL, RREORES,

Radiologlical evaminations wewe cavried out on 72 dogs which were shoun
o have been suffeelnp fyom iymphosavcoms at postw-mortem examimation. A
gommary of thane weports 1s glven in Table 41,

The Xervay data zeflected the lnter monbid asnatomical findings wather

well, In the multicentric form of the disease, increases in size of the

gpleen aund liver wera yaadily ohserved o plates and involvement of the

thoracieS
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'Lung
Broanchial nodes

Anterior aternals

Ankayior madiaotlinum

Bydrothorax
Spleen

Lidver

ddwabdominal wmass

fublumbar nodes
Prostate
Aseltes
Bariom meal
Ve
@
- va
Gasirie F.B,
N.A.D,

Number of dogs
examined

ARz 41

Swmmary cf_thg_ﬁadiolngiqaL_Rep?rts.

Mﬁiticengxic

4

w S o

17
16

.

[}

37

Alimentary

i
2

4

2

&

e

32

Al ant

1 2%

o]

Jad

&4

3 72
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thoracic and intva-abdominal Lymph nodes was ofiten quite obvious, This wag
alsa true of the othey two foimg of the diseasa, except fov oue laberesting
ddscrepancy in the zepovts on the alimentary type. ©Out of 32 dogs in this
group; only 7 cases were reporied as having masses In Che mid-abdomen or
anterior abdomen, alchough it Jater transpiyed that twmour maases, either
of tha gastro-intestinal trach or dralunage 1ymph nodes, were a constant
faature, Such magsen were wveadily palpable in 27 of the 53 doge In the

alimentary geoup which were examined elinically,
)

There were not enough radiological examinations perfopmed following a
harium meal to detesmine If lesions of the alluznbery systewm could he regw

vlarly seeu,

THE_GLINGCAYL FINDINGS,

0f the 130 doge suffering from Ivaphosarcoma which weve auvtopsied, 113
had beean examined befove death and clinical data weve available,

Pl FRI.VA& LK"' oF ;Y‘\ﬁ?ﬁﬁ ;N’\GOM& II\Y DOf“; ADMETIED %0 THR HOSY L’f’fi 1Y

Vadrrar Kot oLk il et e iy Lt

Approximately 10,000 dogs were adwmitied ©o the hospltal during the
initerval when caser of lymphosarecms were collected for this study. OQun of
this total, wather wore than 150 dogs weve reported to be suffering from
the diseaga, although Dot every case was confirmed histologically., This
repregentad an incidence of 1,5% of adnlsgions, THowever, the condition

occurved ln adult dogs usually ovew 2 yeavs of age and around 70% of doge

admitted to this hospital were In thie age group, Table 44, Fhws, 1f the
incidence of lyaphosarcona was expresgsed as a pevecentage of the oduli dogs

admitted, a coungervative astimaie would be 2%.



BRTED TN ADBNCE,

Tablae 42 presente the distribubion of 115 cases of the disease in the
dog in 22 Dreeds. The tevm mongrel was ewploved to describe terrier type
doge with no recogniseable pedigrea. Labrador crosses arve popular in this
ares and werve included as a sepazate growp siace 2 cases of lymphosarcoma

were found in such dogs.

Neidcher Boxers vor 8Scottish Yerriers were ovenwvepresented in this
pevien, although the Seottish Tervier was approaching the 3% level of gigw
nificance 90? = 3,58 with one depgree of freedom, The Wive Haived Fox Terriew
was the sole breed which wag over-vepregented atb the 5% probability level,

g@g s 4o 6) with one degree of freadanm,

of those brecds which weze promiuent in the 1ist of adwissions, the
poodie was wnder~wepresentad at ithe 1% probability 1&?e1y}5'2 == 74306 with

one degree of freedon.

T SEX THGIDBNGE,

The numbers of wmales and females in the gyowp with Lymphosarcoms arve
given in Table 43 topether with the sex dncldence of a sample of dogs ade
mitted to the hospital. I¥ was assumed, f£or the purposes of statietlcal
snalysia, that those dogs which had bLeen adwitied withoui theiy sex being

recovded were in a similar geax vatfo to those where the sex wag wotad,

In comparing the sex vatios of the lywphosazcoma group with the admlsslon

group, no significant differvences could be established batween the two sawples,
[s

7
a = 0,6502 with one degree of fresdom,
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ARIE 4

B e A R A

Breed Incidence.

Canine Lvmphosarcoma Sexieg

;\ﬂipinsi_on_ri £0 }Iosm’,i;al

JaneJuneg

July-Dec

MG Alim. Abgrmarit Total 1957 1961 Total
Alpatcian 5 1% - 1% 37 55 2Ys
Bozer 7 1 - & 30 36 66
Bull texwiew 2 - 1 3 7 17 24
Gaizn terviey 1 - - i 15 25 490
Bopder collie 9 13 1 23 56 54 152
Corgl 1 - - 1 6 13 19
Fox Terr. 3. - k) 1 2 & & e
Fom Tevr. W.H. i o - G 9 11 20
Boiden Retw. - - 1 i 2 7 2
Creyhound 2 - - 2 15 23 38
Irieh Sattey - 1 - i 0 3 3
Labyadoy & 3 - 11 26 bl i0
Labradoz » " i i 2 6 20 26
Min.Pin. i - - 1 0 0 0
Poodle - 1 i 2 26 63 a9
Sty Bernapd 1 - 3 g o 0
Scottish Terr, 2 & - 6 ; 15 22
Sealyham - - 1 1 2 3 3
Shetland Col, 3, “ . 1 & 9 13
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Canine Lynmphosarooms Sexies

Admisﬁicna to Heopltal

Jan-June July-Deo

MG Alim, Abgprant Total 1957 1961 Total
Epaniel 2 4 @ & 33 43 76
West Highlond & - i 3 7 16 23
Other breads ™ - w A 36 125 161
Mongrel 8 7 - 15 53 125 178
Tobal 5 853 8 115 385 749 1134
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oApie 43

”)
M

Bax Incddonce.

Lymphosareona Adulgsions Admissions Total. 12 month

gsurvey Jan~Jun 1957  JulePec 1961 Aduission sampde
Males 72 197 356 553
Temalos 48 122 242 370
Reuterad males 3] 1 2 3
Meutorad females 1 3 i &
Sex not vecorded 2 62 42 204
Total 115 1,134

385

149




Ivom this, it could be eoneluded that the incldence of the disease was

similar in both sexes.

THE AGH INGIDENCE,

The age dilstribuilon of dogs with lymphossrcoma was compaked with that
of a sauple of doge which had been admitied to the hospital and the resulis

are glven iu Table 44,

There was clearly a bighly aignificani difference between both samples

in dogs under one year of age., In vhvee other age groups, signifilcant differ-

ences wore found between the observed and expected Incidences in the lywpho-
2 E'T T
sarcoma group. I dogs from 1 - &4 vears of age o = 29.8 witl one degree
Frrcags . o 2 S oMK,
of freedom; in thoge from 5 «» 11 yeawsg, X7 = 20.8 with one degree of

freadom; dn dogs 12 gears of age and upwawds X = 3.4 n.8, with one degrea

of freodom,

From thege wvesulie, 1t would appear that the lvcidewmce of ivmphosarcoma
in the dog at this hospital, vhen compared with a sample of admissions, ig
very low under ope yeaw old, low between L ~ 4 years, vises very steeply in
the 5 » 1% year group and then declines In the oldeyr groun, Tt may well be
that: this will prove to be o normal distwibution which would be diffaerent

from the assumed age distribution of most malignant twnours.

TUE_DURATION OF ‘THE DISEASE.

The periods of suwvival following the onset of the clinical ddcoase ave

given din Table 45 and this information is swwmarlsed in Table 46,




TABLE 44

Age Incidence,

Lymphogarconn gurvey - Adwignions half wear  Fotal
Age In yeans MG Al.  AB, total 1937 1961
Less than 1L &3 170 292
1u 1 i 27 65 92
2 b2 6 30 52 82
KT & i 5 26 5 78
bym 4 & 8 17 30 &7
He ¢ 2 2 0 19 31 50
Ge 8 & io 21 36 57
PR 7 6 1 4 16 &3 59
B 3 9 3 15 20 30 36
O 4 &4 8 21 P 49
10 L 6 7 i2 22 3%
Al pA g z 13 8 12 20
12w & 2 1 ? 10 & 13
13 i 1 2 2 b &)
Usm 0 0 2 9 A
154 1 o 1 3 3
Not: recoxded
o vaknown 4 0 & 68 159 227
Total 84 X 8 1is 385 749 1,134




1<4

g 29

L B e g

The buvatlon of the Overi Dicease in Weeks.

Yogks Hulticeniric Alimentary Abermant Total
Lo 3 3 : 6
G 3 &4 2 2
3 8 7 1 16
bow 6 4 2 12
T 2 12 1 L3
O~ 3 3 6
7= 2 i 3
v 3 -2 1 8
Dee 3 2 5

10w i % 3

AT 0

12 4 i 3

13

14 2 2

15

1G~ i 3 4

i7»

18- 1 i

18-

20~ | 2 2



Yeeks Muliicentric - Aii;nwi:aw:g Abernagt Toral

23
22
23w
2l 2 2 &
25+
20w
27 =
28w 1 1 2
30= 1 i
KYE i i
32w L [
oV 1 3
aknowi 5 k! 8
Totals 54 53 8 133




Zopin 4.6

Summaxy of the Data on Duration of _tl;e Digease,

Huration in Wee};ﬁ .

Mean, Median 340da1 Range Number of cases
Muteleentiic 10 30 3 152 49
Alimentary 8 15 3 1-30 30
Aberyant form 5 4] - 2-12 ]
411 cases 8 30 3 162 107

X D




La’'r

i the mulcicentric fovm, the expectancy of lifle after tha ouset of
pymptoms wag 10 weeks on average, but wore than 70% (35 dogs) weye dead
within a shorier interval., Juet over 28% (14 dops) were dead within 1 month
afvar onget. Three dops lived longer thaw 6 wonths end one of these survived

for just over 1 year aand 2 wontha.

In the alimentary type the average duvaiblon was 8 weeks, and 68% (34
dogs) succumbaed within this interval afier the initial symproms developed.
28% {14 doga) died within 4 weeks of onsget. In the alimeniavy group oanly 2
andmals survived for ¢ wonths and none wore alive 12 wonths afier the onset of

vha clinical signe of the dieeage.

The aberpant foXm appearsd o sheow a btrend very similar to the alimentary
type,

PTaking the disecase as an entidly and again ifgnoring cases where the duration
was uwalwown, 58 doge (54% of the cases) were dead less than & wecks after
the oorliest clinical gigos had been obgerved by the vwners. Ounté of a total

of 107 dogs, 82% had died by the end of the 12th weelk.

An estimation of the duraticn of this discase camnot be very accurate
gsince it is based partly om an owner's opinlon. However, 1f one aceepis ihic
difficuliy, it Lo still obvious that lymphosarcoma in the dog i a diccase of
comparatively short duvation in the majority of inetances and the durvatlon is

not markedly differxent in the two moin forme of the digease,

IHE_SYUDROMAES OF LYMPHOSARCOMA IN 7THE DOG.

The c¢linical weports on 115 dogs with lymphosarcoms are summorised in

Table 471,




Summpary. of the Clinfcal Teabures of the Biseasce.

Number of cases

Mﬁltiuentriq

Onset
Sudden
Gradual

Mot vecorded

Rodily Condition

Ohage
CGoad
Faiz
Bazceiated
Not recorded
Demeanouy
Alext
Dull
Not pecordaed
Prepept
Abeent

Undulating

A

18
A

™D

10
O

34

4

38

G

&d

Alimentasy

23

25

&

45

éﬁymmaﬂt

8

Total
Fa-VERueteon §

115

49

62

&

21
91

103




Malticentric Alimentary ABegrant Total

Good 16 5 il 22
Poowf absent 33 38 7 75
Variable 3 9 - 12
Not recorded 2 - 2
Normal 33 22 2 57
tucessive b 12 13 3 - 20
2 3 13 3 17
J 3 1 G 12
Not recorded 1 “ - 1
None 36 14 3 53
Oeoaslonal 18 25 2 &8
Fragueni: 0 7 3 10
Repeatad O i QO &
Not reconded ¢ 0 0 0
Gonstipated 3 2 1 8
Nogmal 23 30 & 37
Biarrhoea ¥
Finid fasces 24 38 2 61
Haemorrhagle facces 2 6 A 3
Noit yecovded ¢ 0 0 0



Multicentrie Atimentany _@‘w :f_gl:g};

é}i&:}vominai Paipagion

Mldwabdominal mass 13 27 i 39

Hepatonegaly 16 4] 1 29

Hplencmegaly a8 1 2 20

N.bd, D, 18 20 G &b

Tachypucea 15 5 0 20

Pyapnoen & D i 7

Cough ? i 2 10

Hydrotlorax 2 2 &,

Palpable superflcial

iymph nodes

iﬁﬁiﬁ{éﬁ%gﬁgg@d 42; ) O Re.presecap only 55

Ascites i 2 0 3
Codama 9 1 0 10
Pale Mucosae 6 6 i i3
Jaundice 5 2 i 9
Fonsils « grossly enlavged 11 11
Gross. Thymle nasa 1 2 3
Eyes

Qgulay discharge 2 2 7

Infileration 3 3

Bilatveral Glaucoma 1 i

Skin L@si.oma 2 2




Table 47. Only thoge gymptoms vhich had emerged bafore there was any evidence
of dmpending death were tabulated. This was ko ensurce thakb the clinical
desceriptions were a reagonable veflection of the actual disecase and did not

inelude the tewrminal pliases, which tend ¢o be cowmon £o many diseascs.

Clinically, the vecurring feature of the multicentric form of the disease

wae the enlargement of the wmain gites of lymphold tissue throuwghout the body.
Superficlal lymphadoncpathy was comstently present, affected lynph podes
baing readily palpable and vavying €rom 3 ap to 10 times thelxr usual size,
They tended to be hilaterally aymmetrilcal, swooth and painless and were well
defined, fimm, rubbeyy in texture, welatively mobile and very warely adherent
£o the overlying skiv or adjacent tigsuss. BAn ealarpged spleen was palpable
in 23 of the 54 deges in this group. This was frequently assoclated with a
heavily infilcraiéd. liver, the edges of which could be palpated well behind
the costal avch., Tonslllar ilavolvement, as judged by non~ulcerated, pale,
grossly enlavped tonsils prowvruding fvom thelr crypis, was a feature in only

207% of the dogs.

0Of the none-specific aywptoms, the modal syndrome was as followai- dee«
presaion, emaciatlon and alimentary diaturbﬁnces including poor appetite and
diarvhoea which becawa persisient and cccasionally heaemorrvhagic. Thirst was
abnormal iw a fow cases, but this may have been compensatory to the emesis

which was never seveve, Tachypnoea was observed in 15 dogs.

A highly pathoguomonie syaptom,vhich was seen in ¢ dogs, wag suboutaneous
vedema. This waz found on one or mwre of Che following sltes:« ithe hind
limbs, the external genitalia, under the lower Baw and the ventral aspect of

the sternal region,

131




Pale mucous membranes wera observed on a few occasions, javndlice was
noted in less than 10% of the dogs and a gross "thynle mass" was found in
one case only, Infiltracion of the eyes, skin lesions of lymphosarcoma,

hydrothorax and ascites were also rave developments,

The full gyndrome of the alimentary Cype was mueh lens speeific than

that of the generalised form. Typleal Lindings were mavked depression,
emaciation and abgence of fever. These were aseceiatied with alinentary
disturbances, especlally with persgistevt diarrhoea which %as preseat in
41 of the 53 dogs. In 6§ of the dlarzhoele group, the faecdes were bloods
shained. Thizrst was also relaked Lo the depree aof vomiting which was much
more marked in this form of the disease, A flnding of consideyable lumpow-
tance wan a fiem, well defined and palnless mags in the mid-abdomen., This

palpable mass was wsually non<radlo~opague.

Jauwndice, hydvothoras, ascikes, "thymlec nasseg” and subcutanesus oedemsa
were cach observed in less than 5% of the dogs. Neither tonclllar nor skin

leaione were found,

The distvibuition of lesions in the alimentarys~megenteric area of cases
of tha alimentary form of lymphosarcoma is shoun in Table 48, Sywptoms which
were agsacclated with those lesiomns ave presented in Table 49. A comparison
wvas made between the degiees of womiting and the type of diavrhoea observed
vheve the mesenteyvic node glone was affectad aﬁd also wvherve twwours were
found along the caval. These resulis ave glven in Table 50. No distinct
rolationships botween symptoms and the sites of the lesions were found in

this/

N




whpn 48

TR DA B

Ihe Msiwibgiion of Iesiong dn the Alimentary-mesentendc Avea

¥

of 33 Oiinlcal Gases of Allmentawy w31oaargmna in the Boz.

Fotal Mepenteric e g Colon & o
cases lymph node Stomach Duodomuwn Jojunun  Tleoum Rectun Asclies
53 &5 8 8% 25 25 & 2

100% 84% 15% 4% 43% 47% 17% 3, 7%

133




1d4

TARig 49

V) A LT

Aldmentary Sympions in RBelation to the Aiimentary;j@ﬁiong.

Teaion Poog . . Abdlominal Yo, of
Thirat LIwess Lare e

Gomp lex Appotite Thiret Lmesis Diarchoea Mase Palpable  dogs

Stomach only 1 4 i 3 i

Swall Lutestipe 6 & 5 & 3 &

folen, wecibum

& Lymph nodas 1 i 1 i 1

Mesentewlc

LN, ouly i & 7 9 53 11

Alimaniary

gyatam and

wesenteric L.N. 30 21 25 27 17 3

Fotal &8 33 39 51 27 23

Pepcontage a0,5 58.5 73,5 77 5 100




Emogis and Blarrhosa Associated with Intestivalemecenteric

TABLE 8 0

icaions in Casee q£ the Alimentary Yorm of gggphosarccma.

Bumber of Bogs

Tmesds s
Dacasional
Fraquent
Pervistent
Tacees s
Dilarrhoea
Hacworrhagic
diarvheoea

gites of the Lesioue,

Mesentorie Iymph Ingestinal tumours

node aloue

11 Xy ]
7 19
- 7

u &
3 26

Ld0




this inwvestigation. However, in a small nuaber of cages wheve voniting was
severe prior to the igltial clinical examination, the syndrome was not vne
Like that which 1s aspociated with a foreign body in the small intestine.

Stenosing ox perforating tumours of the emall intestine weve usually found

in such dogs.

The gyadrome of the gbegrant foum of the disease was gimilar In many

raopects to that of the alimentary form, although 2 of the 8 dogs were found
o have paipadle enlorpgement of the apleen which 1o an uwowvsual Llnding iu
the alimentary type., In one case, No. 10513, the prescapulayx lymph wode on-
one side only was enlarged and tumifiled, whiist all the cothew supowfleial
lymoh nodes woie macroscoplcally unaffected, In the rest of the group,
naither superficial iymphadenopathy nor tumours of the gastvo-intestinal

track or mesenteric node wore found before o after death.

In none of the three forme of the diseass was there any sign which could

be elearly attvibubed to tumour infilevation of the cenmixal aervous system.

GLINICAL FHAGHS DURING 1UE DISEALE,

In the multicentric type,three stages were nofed in the elinical progress
of the disease, a primary Phase I, a sscondary Phase IX and o tertlavy of

termival Phase IZY.

In Phase I a dog pregented no sympioms other then enlavgement of the
puperficial lymph nodes with, in cextain cases, hepatosplenomepgaly and tonsillan
enlacgerent, The dog remalned alert, fully active and retailned iis appetite

duying/
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during this pevicd, Indeed, the peneral conditlon of the andmal belied the
very serious unatwre of the diseage. It was underatandsble that an ownex
wvould not readlly accept an opivnion that the life of ithe dog at that mowment
wag already measuresble in wealks, or the data which showed that neayly 5
out: of & amimals die or have to be destroyed within 3 nonths of vhe initiel
clinlcal examinatdon and that almogt 40% of dogs die & weeks or less after

the dipease s filret recognlsed.

Phase I emerged progressively as a syndrome which was characteridsed

by steady lose in bodlly condition asscciated with mild alimentory disturbances,

The terminal Phase IIT was usually sudden in cpget and was accompanied
by wmarked depression, emaciation, inappatence, vhich was followed by dehydrasion,

pigns of voxaemia, cireulatory failure and death.

KrresPective'nﬁ the stage at which the diseasec was £ivst disgnosaed there
was seldom any asppreciable increase im size of affected nodes ox gplaen
throughout: the disease. In thwee cases, however, thexe was undoubtedly
extenslon of the tumour process duwing the period over whilch clinieal ob-
servatlons werae made, In case numbey 12998 an enlarged supsriiclal twpuinal
lyuph node was found at the time of a surgleal intewyvention for pyometya.
Phis vode was removed and on histplogleal examination proved to be Lympho«
sareomatous, Regulay uegative clinical exswinations were carwled out sube
saequently on this patient for some wonthe, after which, superficial lymphaw
denopathy devaioped. This became 2 typleal case of the multlcentric type.
in case number 23913, splenomegaly was the inltiel diapgnosis and there was,

atf




ai that tlme, ne enlavgement of the superflcial Lymph nodes. These became
groassly fnvolved approximnaiely 3 « 4 weeks afiey splenecbomy. In case number
25384, gross enlarpement of the prescepular Iyeph nodes and moderate enlargew
ment of the other superficial nodes developed suddenly about 4 wonche following
splapectomy, Froguent clinical exeminatlons weve carried ovt in the inter-

vening perlod and these wave negative,

From the clinlcal weporis, 1t szppeaved that the duration of the malil-
pentyle type of the disease was yelated ro the lengih of time that Phase I
pevsisted, Once Phase I supowvvened, the teyminal phase was lmplnont aad
this final stapge was usually fatal within 7 days of ouset., These distinet

o

phases were not characteristic of every case, for the first sigog off disecase

obgerved by the owner might co-inelde with the onset of Phage IL or FPhase III,

Unlike the multilicentyic form, no defindie elinical phaces were found in
the slimentary type. In many instangces tha full cymdeome uyshered in the First
clinical nmonifestation of the disease, Hovever, otho¥ cagses weve much moze
gradval in development and they presevted a pattern of persisient alimentavy
disturbances with progressive loss im bodily condition, the cause of which
was obscure at f£irvst., Hventually, the loss of condition, the persistent
diarrhoea and the presence of a palpable wmideabdominal mass lead to z tentative

diagnosis of mallpnant dlsecage.

DIAGHOSWIC MARKERS.,

In the muiticentric typa, the tentative diagnostic marikers were bilaterally
sympetrical, painless, superfilelal Iymphadenopathy plue hapatospienomegaly with,

occasionally,/




occagionally, gvoss noneulcewvatlve pale tonsils and subecubanecous ocedema in
an adult dog, Thia diagooais could be confirmed by histologlcal exewmination

of an enlarged superilcial noda,

in veaching =z tentative diagnesie of alinentary lymphosaveoma two factors
ware jfaportant. ©ivstly, the assoclatlon of progressive loss in bodily cone
dition, persistent ddavrzhoesn and a £l wass palpable in the nid-abdowen with
Iywphosarcoma of this particular type and secondly, the velasively very high
incidence of lymphosaveoma as oppesed to othey mallipnant conditions affecting
the pastro«intestinaletyact of the dog, Bxploratory lapavoitony was the sole
weans of Ldentifyiug the disease and a blopsy of a nural tumous op affected

megenteric node perailtted definite histologleal confirmaticn.

Piagnoails of the abeyrranit form was comparvatively simplie where OGS
splenomegely was present and typleal Lymphosareoma changes of the gpleen counld
be obsexrved at laparotomy. However, a final pogltive diagnoeils had to awals

postenoriem examination wheve this feature wasg absent.
CLENICAL AND PATBROLOGICAL RELATTONSHIPS.
CLINTCAT, AND PATH@LOGIGA&_ggLﬁmiﬁﬁSngﬁ.

The duration of the overt dissase iu 115 dogs wap compared with the
proposed anatomical forms of lymphosarcoma, with the dominant tumony cell
types and with sex. The vesults ave glven in Table 51, Siwilarly, the ages
of the dogs were compared with she anatomical formg, the dominant tumour eell

N

types and the sex, Table 2. Finally, the ages of the dogs weve compavaed

with the duration of the clinlecal diseuse and thase renpultc are shown in Table

RS I~
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Mo coxrelations could he establiched whick wmight have proved of walue
in assessing the osuteome of Individual cases of lymphosaveoma in the whole
swoup. In pavilcular, thewe wap no corxvelation between the domineant tumour

cell type and che duratlion of the clinical diseasa,

Thirteen dogs weve leukaemic at soma stage in the course of the disease,
Table 29, OFf the ¢ animals which presented a peripheral blood plcture simillar
to that of chronle levkaemia In wan, 3 dled within one month after onget of
the dipease, 2 survived fovr hetwean 3 and 2 wonths, and one lived for oven
12 wonths, In the case of the 6 subleuksemic dogs, 2 died within one month,

2 survived one month, but dled soon sfterwards and ihe oiher 2 lived for neavly
0 nonths.  The ouly animal which showed a peripberal blood pletvre comparable
to the acute lavkaenmla of men svcoumbed within & weeks of the giert of the

11lpesns,

Tha pelatively lov iancldence of tyvelileuvkaemia in dogs suffering from
Iymphosarvcoma, approximaiely 1574 of the entirve group and the wvawigtiou in
the duvatlon of the disease irvwvespecidve of the peripheral blood platorae ine
dicated that terms swvch as acute, sub-acute and chronle had no useful elinical

meaning in iymphogarcoma in this speecies.

DISCUSSION,

e O
The aims of this sunveyiweve to deseribe and claseify the lymphoid
tumours which have beewn cowmmonly obmerved at this hospital., These appeared
o fovm a welatively distinct siagle discase enbiity which was Ia contrast to
the complex as observed in man. Other haewopoietic tumours, althoush found

in the dog, were compavacively vara,




In 130 confirmed cages in doge, it wae possible to distinguish threes
forme of the disecase which were based on the distyibuabion of the grous

lesions in the body. They cowprisged e muliicentrie type, an glimentawy btype

and a so-called aborrasi type,

The fivet two wewe equally veprenented in the prasenty serias and acecounted

Low approximaiely 94% of the cases.

Thare were siyvony clinleal weasons for adopiing such a clasgification,
for each of tho two major forms of the disease was asvociabed with a velatively
distinect élinical syadrona, Thaza gyndromes were related o Lwo quite different
groups of conditions which were of fupcrtance in diffeventisl dlagnosis. On
the one hand, thewe weve those dlseases which were accompaniad by enlargemant
of superficial lymph nodes, On the other hand, there were conditinns of the
abdomen which could result in a syndrome slmilar te that of alimesptary lympho-
saveemd. The confiveatory diagnostic methods were also based on this class-
ification. For exawple, in the muliicentric type, where bllatenidl and sysme
etrical enlargemnent of the superficlal ilymph nodes was frequenily oncounterad,
diageocis could be conflrmed from a blopsy of an enlorged supevficial Iymph
node.  In ihe alimenvary form of the disease, the alindecal sipgne often
indicated the progence of a possible sBdomingl fumour, Ezxplovatory lapavotomy
was necessary 0 esiabllish a diagnosis In vthis iype, An ohservation in this
gtudy of interest to surgeons, was that in §7% of dogs with alimentary lymphoe
sarcoms, theve yog gross tuwmour luvoivement of the mesenterilce lyuph node,
Slugle or mulitiple twwours of the stomach or Iintestines were found in the

vemainder ./
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vemaiuder, ‘Thus, one of two simple diagnostic techniques could have lead to
a diagnosis of all eases of multicentulc and alimentavy forms of this disease

in the presaent series,

In the rare forxm of lymphosnrcoma, the sowcglled abervant type, thege
ware lesions in the Lver in 7 of the & doge. Three of the cases also prescnied
typical lynphosorcomatous changes in the spleen, and the kiduneys wene heavily
infiitrated In 4 of the animals, Although this paveicular form of the discase
is much wmore difificull to diagnose from the symptoms shown, an exploratery

laparotowy would have proved valuable in diagmosis.

The regulis of the study arve in contyast to earlier clinlcoepathological
repoxts by Bloom and Meyer (1945); JIumes et al (I946); Jennings (1953};
Tofan (1961 and B;ckgrém (1965), whexe the genervaliged form of the diecape
alone was desecribed, Doth Tefau (1961b) and Weler (1957) vecognieced that
there werevother Iymphoid tumours in this species whieh could not he included
in the geveralilsed form, but they wefused Yo accept that ;hese other forms
were definltely part of a single gowplex., It may well have bgen ¢hat the
chlteria vhich were used in cavlier studies teo select cases included superw
filclal lymphadenopathy. This would have lead to the eﬁﬂlﬁsiﬂn of the alim~
entary and abervant forms which have been recognised in the pyesent sutvey,
Support for this opinion is gained from vhe espentlally pathological surveys
of tumours by Cetchin (19542 and Smith {1963}, Both observed a wove varied
legdon distribution than has been weporeed ia the clinical popers op lymphatic

tumours In the dog.



Feom the strictly aliniosd vlewpoint, the mulilcantide btype ap degceyibed
in this ctheels won Ldentleal to the disenss Sousd by Bloom and HMownw {1845%;
Impes ot ol (I04G):  Joandongs (1953);  Yefan {15610); Usiaw {39573 awd 33'51(:?.;;3:@:&&:
(A005Y.  Em ohig soudy, gress enlaveomant of wost of the suwperficdzl Iyaph
aodos s very comvenly aapoonberad ard we would aopes vith Hahyze ot ol {1948)
that there ds no GEhary disnagse of the dog whieh rosults In Dilaverally ayamotrical
cndarvgament of tho soporficial lyaph aodes. In zome dops, the svoss enlavgoes
ot of noder was confined o one on two geoupe which wore agsdu hiloseyally
syrmetricat.  Tn a omall powber with the muitlicentyie form of the disense,
the nodes ware oll juse muﬁ@mﬁmly ealarged, o puch eapss. I8 wos abuorved
that nedes which are not ovdinerlly wesdily palpabie, sush se the saxillary..
and superiledal ingeleals, were endsvged, palpable and bilaterslily owenteieal.
LE this was fownd in sasociation with an enlawped spleen, o teutasdve diaguoois

of lymphosaveoms was jesidflad,

1¢
The thyeu phaves of the disoase, o veneptly woporied by Doackgreln (19065)
ware alse cheerved. A presliniesal phase must ocenr and 40 20 thio phooe of
the dloesce which pressunly dofies diagvosis.

&

Lpvphasereons of the gaotwo-intestinnl-lymphatio conplox 48 one of he
miost Iwpontant aauses of a nossradioespogue poss In the mid-abdones of on
adule op aged dog. 10 would 2luo apyeay 6o Lo tho moot eoimon malisnant

A3

comowr of the futestiasg fownd du doge which owe odmitved to uwhio hosploal;
an observation phich da i agreowment with Cotohdn®s suwpvey {1654Y. Ia 508
of the doge with the allmentory form of the diseane, o mass wes wveodily
palpable v the cald-abdopen dwring pousloe olislesl onamipations and chie lo

brilaved to be o sigedficont dlagoostic swvhar,
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Higtological feaimres vere common to all three types of the disease
In the present study and vare ewcaptlons were azsumed to be biologilcal
vardlations, The formail-n of disereie btumours as well as wilidespread in-
filtration of tisoues by tumour cells was ohserved slmulbaneously. Thevefore,
the histological distincilon between Ilvuphailc leuksenda and lymphosorcoms,
as veportad lpn man by Robbins (1262) and in the dog by Sguire (1963}, was
not obgerved, Tha major lesicng of Ilymphosarcoma of the dog, pavticularly
oun the former sites of Lymphold vlssue, werve composed of sheets of lymphold
cells which were highly fovasive and infiluvacive in chavacter, Tomouy cell
types varied from veéry Ismnmiure ctem cellis to mature iyophocyies and they
were pot yelated to any particulay avatomleald form of the disease. Yore
than one tumour cell type was oftan obsexved in fesions and it was net always
possible to dataﬁmiﬁa a siogle predominant bumour cell tvpe as clained by
Bquire {1965). Tumouwr cell types also varied from one region of the body
to anocher, THowever, iLf two main cell Lypes weve recognised, an "immatuwe
cell group" and a “mimed or mature cell group,” thea the twiopr cell pope
ulation of affocted Lymph nodes did veflect the geneval tumour cell pope
plation in the great majovity of cases. A close relationship exiated between
the rate of witosie and the depree of differentiation of the tumour celle;
ihe more bmmature pell sheeta demonstrated a highew vate of mitesils whoen

compared Lo wore mature cell sheets,

Too much cmphasis on tumour cell movphology way well be misplaced.
Squire (39653) had litble support for hie speculation that the precise

identificutions
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tdentification of a vumour cell type wight be of valua because each cyto-
logical Fform wmight be found to have & speclfic causal ageni. In experimental
oncology in mice, it is now well eszbablished that come viruses wmay cause
ruours of quite differont higtological charvacter, 'The outastanding exsmple

is the polyoma virug, CGross (1961).

T¢ is highly doubtful 4f dmprint smeavs, as advocated by Bloom and
Maeyer (1945) and later by Sguire (1965), have any major advantages ovar well
made higtological sectlons, Zven if the identiflcation of the dominant
tamouy cell can be wmore readlly wade by thils techunilque, imprines canuo£ ba

ugod as a sabstitote for histological sections,

o the current survey, it wag seldom found possgible to diffsrantiate
individual Lywphold tumour celis from noxwmal lymphoid cells gud the ldenile
ficatlon of tumour cells was based on Lhe histological features of the tumour
tdgsue, as well as other eellular chaxacteristics puch as invasiveness,
destruciive teopdencics and the rate of witosis,

E}

Posipive dlagoosis of the disease was made from hilstological findings,

Up to the prasent time, detalled studics off affected tipsues have not been
published, Thevefore, criteria were eatablisbed for the histeological diagnosis
of Lymphosarcoma in lymph nodes and alimentary system., The histalogical
sections wera derived from cages postemortem In most instances, but there

were no reagons to suspect that the comclusions could not be applied to

biopsy sections,




Despite the Ffacts that the histological chavacteristiecs of this disease
are outptanding and o lavge number of detailed postemorken examinations were
caryilad out, very Little information was gained fxrom the sindy cn the pathow
genosis of the disease. Uhether thly condition arises on a siogle slte and
thon sproads by metastases or else develops ﬁimultaneoﬁsly in pany cenbres
vemains spoculative., There i3 no polnt in adding to specplaiion at the present
time, since i is wnllkely that the pathogenssis will be fully undevstood

unill the condition can be repraduced expevimentally, or technigues are dew

visad to ensble its yecogniliion alt ap carly subeclinical phase.

Blood examinaticns had little dlaguostlc value in lymphosavcoma of the
dog. ‘True leukaecnmda wad seldom an outgsbanding feature and the leucocyte
pleture ¢f the peripheval blond vavied enormousiy, Newtrophilla, an absolute
lymphooytosis, an gbsolute leucoeyiosis and a pecfectly normal blood leucocyte
plature were obLserved. This is the patiern which has been wall documsnied
over the years, Although lymphocytosls wae comeon, the dlstribuiion of the
lymphodd cell types fu blocd fiime was not sufflcleptly diffewent from otheyp
dilsease sitates to beof yalue in haematmicgical investigations. The anaenia
whieh wae wegularly obeserved was normoeytie and nommochromnic and high nuwbers
of eirvculating normoblosts were observed, particulexly in the multicentyic
forme of the disease when auzewls was present. Again, this phenomenon has

baen observed by cariier workers.

tone of the blochemical tests on the blood were pathogromonic, but low
plasma proteln eoncentrabtions, due o a decvease in the albumen fraction, were

found in a high nuwber of samplese.
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Radiclogical wmethods were wgeful to conflizm the presence of au enlavged

spleen ox liver., Tumour masses in the antevior mediastimus, enlsrged antevior

sternal lyupb nodes and tumours iu the pre-pelvic wegion of the abdomen were
also veadlly observed on xeray plates. However, groszsly tunified mescnterxic

Lymph nodes were often impossible to find vadiologically.

The duration of Lymphosacvcoma of the dog was relatively shorvi in thils

garies, avevaging 8 weeks, with 2 range of L -~ 62 weeks,

Wire faized TFouz Pevriers wera oveirwrepresented and Poodlies were underw
veprasented in this siudy when compared with a pawmple of dogs which were
admitted to the hospital. Boxers were not overerepraesented and Scottdish
Terpiars were aluost, bub not Julte, overereprescnted statistdeally. Thase
two bueeds have vecently been weported ag over-represented Iu a study by
Bgckgréu of dogs with Lymphosarcoms in Sweden., The Scottish Terrier has for

long been assuwed to show a high incidence of the discase in Gyeat Britain,

but no statistical evidence has beon glven for Chis sssumption. Meler (L957)

observad a high incldence of lymphosavcoma i some hreeds, but repavded this

as an ladlcation of the normal dog population in his area.

No gex incidence was established in dogs with lymphosagcoma which were

admitted to this hospital,

The age incidence may well prove ©o have s vormal distribuiion with a

reak comawherwe betwren the apes of 5 and 11 veays, This bhas been observed
t

also by Smich (1965) and 18 not in accowd with the age distribution in other

malignani diseased where the incldence increapes with increasing age.

LoU



Cowparisons were made in this stoedy amongst the clinieal, pathological
and haewatological data Lo try to establish corvelarions which nighi prove
of value in progunosis in the indlvidual animal, as has been the case in man,
Mo such velationships could be eptabilshed, except thai the onset of Phage
LEY dn the multlcentyie cases indicabed sthat death would follow within a

{ew days.

By definition, -the disease in the dog appeared o be ¢losely related
g0 the lymphosarcoma of Lumb {1954) and o the Lywphoblastoma and Llymphocytona
of Gall and Mallowy (1942), The Lexm malignant Lymphoms was intvoduced by
the lattey workevs to embrace a widae group of Lymphoid twwours in man ine
cluding Hedgkin's diseasa.  Becauvge of the essential shwplicity of the disease
in the dog, rthiz term, which was {lrsi used for Lymphoid tumours in the dog
by Bloom and Moyer (1943),has added gexy little to our appreciation of ihis

disease.

In this study, 2 few cagses wevre obsevved which had a histologlcal waw
gemblance to glant follleulay Lynphoma as found ln wan. This was probably
a pre~lymphosarcomatous leaion: in the dog and a striet comparigon between
this manifestotion and ite velatively benign counterpart in man is probably

noi justified.

Terme which have been uwesed to descrlbe ilyvaphosarcoma of the dog such
ac lymphatic levkosils, lymphadenogis, Hodghin's disease, pseudo-flodgkin's
disease and veficulosic ought now to be regavded as obsolete, They ave

difficnle to defive and ave thus open bo mlg-intgrpretation.



SECTION 3.

LYMPHOSARCOMA OF 96 CAT.

INERODICTLON.

Tunonrs of the Iywphoid tissue ake a common form of pallpgnant dlgcase
vhich is encountersed im cats in this hospital. Detalled postemorten exame
Inations have been carried ocut on 48 aunimalo which were suffering from such
tumoura and these formed the basis of the Zollowlng patholopglcal and slinical

sudy,

There have Deen no veports of the {leld incidenca of gpontancous lywphowe
savcoma, buk Cotehin {1952} listaed, sccovding to anatomiecal systems, 2206 tumours
of the cat which had been observed at the Royal Veterinary Gollege, London,
Lyaphold tumours represented 15% of the total. There were 6 cases of lymphatic
laukosisg, 8 cases of lymphosarcoma of the mesenterie Lymph nodes, 10 intestinal
lymphosarcomas, &4 renal lywmphosarcomas, 1 uterine and 4 thymic lymphosarcomas,
Oae other case in the thymus was described as a thymoma. In this sevles,
Iymphatic fumours were encountered wora frequently than the cutancous cars
clnomas. Raker , in an extended study, Cotehiln (1957) claspified 426 tumours
of the cat, threeequarvtera of which vwore malignant. Again, 154 of the total

were lymphold tumoure which were widely distribubed throughouwt the body syatems.

Malligan (3951) weportod 5 cases of lymphosavcoma in a series of 70

tumonrs of che eaf,
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The wmost detelied inteatigations of Iywphald twaosgre of the cab have
heen coprded out 4t e Aopell Meeosial Andend Hoopital du Boston apd thoove
studies bhave boon weporbed By Wolloow and Rolmwosth (195333 Unlavozth and
Moiloen (I055) aud Eolewowth (30600, 1060b). The Jdiagnonin wan congivmad
by Dlonoy op ab postenprion exomination v the maloviey of gaoes, bhue the
actunld owrbers autopeded in detail weve aok publlshed. ‘The mwet Imposfoot
pites of grose tumown fopacdon were the Lidpeye and dntestivcs, followed
by the sotopiow medlaaidnms, tho pesentepde Iyaph sodos and the sploon,
Othey pdtes whleh wore ofton shwilitancounly afideted Inoluded the ilvew,
stomach, heavt, oy and pallvawy glonds, Yeodoms of lysphosarcoma (o ¢he
nanal paspagen wave cpecifieally wontdonod, sincs these wepo ofioa milge
dingeoosd lnltdelly, Although vivtselly oveny site do che body could baamw
infiitvated with Ipmphold tunouwr ccllu, the contral wovvoun pyaten appoored
e be loast Zepquentiy mﬁféfmi:m?a Tu vhedy dunitial vepore, Heiloon and
Hodouorel: {10632 domerdbed the conditdon ap Yo locally saligoent swous with
diifuse Bllezatlve type of pgrouth and an appavont prpforonce for the abe
dominad ovgone, povbiealarky the omoll lnteoting, the hidnay ond the Ilver.”
Pouvtean oacel ware peporited ond each had boon ctudied i’i‘issf;@mgimmy GHREpE
ang. In thalw covcnd wepord on a furiher serieg Of 15 acts, Holawortl m{sﬁ
Wadloen L0558 aobmoviedped that tweouzs of che anterior aoddantivan coamsd
"to ceustibube ag such of aa ontlty 4o the %:Elé}raa:ﬂ,é patholopy of catis ag do

ehe dntestinal ond kidney tumouws o obdoninal pathology,”

In the oldadend zoport by Helewoyeh {19604),the fxcidenge of homuopodotic

fumonee dn cote da the Doston Hoopdtal wae plvewn as W angd 107 cason vors

choegyed/
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observed in 1425 wvoutine postewmoriem examinations. Thege tumours wewe alwost
all of the lymphoid type, In 140 clinlcal cases, the ages ranged fvem Q.5 -
17 yeors, bt 50% of the aniwals weve aged fyom 1 « b yeavrs, Thore weve 2

nale or neuvtered male cats affeected for every female or neuvtered female affectad,

Blood changesn vweve pathognomonie In oaly 15% of the cases. An atiewpt
was made to digtlopuish frank lywphatlc levkaemla, vhich wes chardctenised
by generalised lywphadenopachy, bepatosplenomegaly and true levheemie, from
the disease termed vlaceral lywphosavcoms, but no histologleal criternla were
given o pupport this distiuction. Frogrespive ansemia and normoblasts in
the pevipheral blood were a frequent cbeervation., In the eaxlier veporis,
the condition was praded according to the degree of maligrancy of the tumousr
cells fn ¢he tissues, OGrades I ~ IV. Urade IV types were actively dividiag
lymphoblasgts which were regovded as highly malignant., ‘Yhe degree of malignancy
was clalmad o be related to the extent of the tumour provess ab che time of
death, but this pgrading was not employed in the extended study by Holzworth
{1960a). Tastead, on actenpt wae made to corvelate the duration of ihe disease
with the dominani cell types in the pevipherval blood in the cases of fyank
legkaemia, Acute forms of the disease were asgociated with high numbsrs of
clrcalating lymphoblasts, the subescute formn with lywphoblaste and atypical
1ymphocytes/gnd the chironic type with high nusbers of lywphoeytes. 4 ve
lationship ﬁaa claimod between the acute foym and a fulminating syodyome.
A single case was vbserved which could not readily be diagnosed either as

a lymphoid tumour ¢r aa evythroleukaemia,
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In ¢he English langvege, other convincing weports of lymphosarcons of
the cat ave spavse. Muryay (1008) deseribed a vound cell savcoms of the
gmall fntestine In an 8 or 9 yesr old castrated wale eat. Ripk {1931)
weported 2 cage of lymphosarcoma of the Ileuwn with metastatic leslons In
the kidneys; the dlagropic wag confipmed histelogleally, Bloom {1937}
degeribed a cage of generalisped lymphosarecoma in a ecat in wilch the supen-
flclal iyuph nodes were 6 - 12 tiwes thely uwsual silzes, The total leucow
cyte count was aleukaemic, 15,150/cu.wm. Au eavly ¢linical foature of
this case, which had atinacited attention, was a unilateral exophithalms,
This later proved €o be part of the lymphoparcomn tumour process. Locke
(1948} deacribed a lymphodd tomour of the anterior mediastloum which he
texmed thymoma, a texm also used by Loveday {1959) to describe a cavelaoma
of the thymus in a cat, Paiceveon and Meler {1955} veperted 2 catsg with
alimenetary lymphosgarecme, one of which survived surgery for 23 months,
Tyophosareoma of the thymue in an 8 wonth old kitten was vepovted by Morgan
(1959)._ Histologically, the critevia peceosary for a diagnesis of lymphor
savocoma were fulfilled. Wilson and Gilmove (1962) degewibed a case involving
botlh of tﬁe kidneys and the vight lung; they stressed that this wazs one of

the main paiterps seen at Boston,

Feom weports ln the French veberinary literatuve it Is clear that lywphow
ggreons of the ecab wae recognised as a distlact entlty in the carly yearvs of
the presenmt contury, Thus Petit (1902) vecognised a muleleentyic cagse whieh
was confiymed histologically and later he weported lywmphadenomas of the

intastines/




intestines in 2 cate, Petit (1908)., Ball aod Auger (1925) doseribed a
cohectic 1B wonth old cai which had presented billatevally symmetrical tumouvrs
in the lymph nodes of the head and ueck, 7This was diagnosed as ilynphosarcoma
or Iywmphoblaptoma on histologleal examdnation. Other carcase nodes weve
vnaffected and leukaemic changes were not found in the liver and spleen,

Ball and Collet (1931) also deseribad a yound cell sarcoma which was agsw

octated with the small intesting In a g¢ix year old cat,

Examples of nonalymphoid malignant discases of the haemopoietic system
are uncommon. Myelold leukaemia has been diagnosed by Fyesvone {19513
Bakey (1954) and Melew & Patterson (19563, Basophilic or wast cell leukaemia
has been reported by Lillie {19231); Melex & Goupriey {1957) and ¥Mead (1958),
Holzworth (1960L)Y cited 2 eases of eosinophllic leukaemia from personal

commundcations.

YATERIALS AWD METHODS.

The cats which have been- included in this study were adminted o this
hospital betwoen Che years 1954 and 1964 and found to be sufifering from

iymphosarcoma,

The methods employed were similar to those descwilbed for the dog iu
Bection I of this part of the thesis, The normal haematolopgleal values,
vhich were nocepted, ware those given by Schalm {(1961) and the noxmal values
for the blochemlcal tests were those which were in use at the hospital and

wore similar to those glven for the dog.




CLASSIFICATION OF TG DISEASE IN THE CAT.

As ia the dog, the classification, which was proposed, was baded on
the distribution of the major lesions of the disecase throughout the body.
Four forms of lymphosarcoms? were recognised, a multicentric form, a "thymic"
form, an alimentary Soxw and an aberrant form 1o which were placed those

cases vhich did not couform to one of the other three grouvns.
IHE PATHOIOCY OF Y DISHASE,
The macvoscopleal and micvoseopical appesvances of lymphosarcoma in
the orgoms and tipsuves which were affented with lymphegavecma were studied,

These included the lyuwph nodes, liver, spleen, alimentary system, kidneys,

lunge, heawzt, bone mavxow and pancreas,

10 _DISTRIBUTION OF T LESIONS.

The distvibution of Lhe lesdons in 48 confirmed cases of lymphosarcoma
of the cat ig shown in Table $4. The patterns appeared to avelve into 4
main types, a malticentrie form, a “¢hymie™ form, an alimentery form and an
abervant type. In the miiticentzilc form there was enlergement and tumour
infilevacion of the superficial lyeph nodes, the mesenteric and other abe
dominal nodee and, less comnonly, the liver and spleen. In 1/3 of these
cases the kidoeys wewe also involved, but the lunpgs, heart, tonsils and
alimentary system were less frequently affected, In the goecalled Ythymich
form of the disecase, the mein tumour mass was found in the anterilor medlaw
stimum at the site of the formey thymas, Metastatic lesions were obsexrved

inf
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The I}:lai:xib_ntion gy the Lesious in 48

Capas of Lymphosarcoma in the Gat,

Mulbdcentric ﬁlyﬁlic Alimentary  Aberrant Total
type gype type type '

Tymph nodes,

Superficial 14 1 15

Yhoracie 9 0

Ankepior sternal 1 5 1 7

Menenteric 13 18 3T

Other abdominal 12 5 1 5
Thyale nass 3 3 1o
Liver 7 2 A & 25
Boleen 5 1 5 22
Alimentary Lract 2‘ 1 9 23
Riduey 5 2 g 1 17
Lung 3 1 2 2 3
Heart 2 (X 3
Tonsil 3 A
Marroy 1 i 2
Ranercas 2 2
Total cases (1 5 ah 5 48
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in othey paxie of the body, but the superfleial lymph nodes were noi involved.
The most common type wae the allmentary form which was associated with lesione
of the mesenceric lyaph node and the intestines., The liver was frequently
involved, but the kidneys, epleen and lungs were affected to a lesser extent,

A fourth small group of casea was found in vhich the liver was the prinecipal
ovgan affected, but this was accompanled by tumour infilivetion in widely
distributed aveas of the dbody such as the marvow, kideeys and the anterior
starnial iyaph nodes. In one case, the forelimb, together with the submaxillary
and prescapular lymph nodes on one side, were involved with the liver., This

proup of capes wap termed the aberyant form,
THY LYMEH WODES,

Tthe Nodes of Healthy Cats.

Lymph node sections from 20 cats, which were showing no signs of clinical
digsease, were cxemined both macroscopically and microscopically and compared
with the description glven for lymph nodes in wan by Ham and Leeson (1961).
Macroscopically, after section of a node, it was often difficuli to dis-
tingulsh coviex from medulla, Bven where there were ecolour changes o dLffer~
entiate cortex from medulla, their junctions were often difficult to detexmine.
Microsecoplcally,this greater cellularity of the wedulla was the main differ-
entiating feature beiween cat lymph uodes and the lymph nodes of man and the
dog. The wedullary pegs tended to be very fine and ilace-llke in the cai,
hut the medullary sinuses were sometimes pachked with reticulo-endotheiial
cells, This did not appeayr to be simus catarrh, because the asscriated sube
capsulary and cortical sinuses were veually less heavily populated with veticulow

andothelial cells,
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Typical perminal cenires were bowdered by a wing of watuve or mediom
Iymphooytes and the central portion wasz cowposed of lavger cells which werve
always wather loosely arpenpged and of g veriable nature, For example, it
was ustel €o find Ilymphoblasts, large lymphocytes, wedium lymphoeytes, stem
eelis, weticulowendothelial cells and active macvophages within these canires.
Geecantonally, o pleswa cell ov plasma cell precursoy could be identified,

The degroe of activity of the germinal ceuntrs appegred to be related to its
dilameterw, the presence of Iinterstitial cell debris, mikoitle figuwes and the
presence of a few very active immature cells. with bold, pale nueleoli,’ which
contrasted pharply with the morve mature cells of the contre, Reactive

sccondary centiesz wers nw nove heavily populaited with celle then inactive ones,

Lymph Nodes Affected with Bgmphosareema.

the anstomical dlatwibubion of affected lymph nodes is given in Table 54,
The dinteibuitdon of thesa nodes had a marked influaence on the classifivcation

of the dipegge into anatomical and clicical types,

Morbid Anatomng.

A typically affected node wae enlarged, discrete, yellowish orn light
tan 4n colonr and encapsulated. On seetioun, 1t was filled with a yellowlsh
highly ecellulay tissue., Occasionally, conpestion, infaretlon and vecvosis
wars obsevved, Fxgension from the aode to the survounding vissyes was une
eonon, exceph for those tumour masses encountered in the anterior medlae
etinum, which had o tendency o fuvade tha adjovent luag or pavicardial
tlgsues and those in the posterilow part of the parvasaoyriic lymph neode chain

whichf
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in at least one cat, which had invaded the associated sub~lumbar voluntary
smseles, In the cat, lymph nodes wexe not inecreased in size to the same
extent as they were in the dog. Tt was thus necessary to exsmine all
superficial lyvaph nodes where one or twg groups were moderately enlavged
ond infiilivated., Where there is bilateval, moderate lymphadenopathy of all
superficlal iywph wvodes lncluding those less accessible ones, such as the
axillary and supenficlal fnguinal lymph nodes, then lymphosarcoma wust be

considered ags a poegible cause of the diseass process,

In marked contvast to the modevate inercases in gilze of the puperflcial
Iywph nodes, affected mesenteric nodes tended o be prossly enlawvged, flem
and somewhat lobglated., They were readily palpable and eagily ldeniifled

in the mid-abdomen,

Microscopleal Findinge.

38 sections were available from 33 eats and a sunmary of the findings
is given in Table 35, 1In vine ecases, no sections of nodes weie prepared,
becanse the main sites of the lesilons were in other organs., In three ingtauces,
the sectlons were so severely Infected that only hietologleal changes typleal
of severe infectlon were observed, which may have obscured any previous leslouns

of lymphosaveona. © In anotber three cases, no mections were available for study.

& typically affected lywph node wag composed of uniform sheeis of lywphoid
celle whi¢h had destvoyed the general awvchitecture and abolished the cortical
wedullary differentiation. Theve was magked Flooding of all che sivuses and,
in many lostances, these could no longer be‘identified. In eight sectiouns,

thera/
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there was evidence of condensed small folligles of mature lymphocyies within
the tumonr cell sheek, o clse margingted., These were assuwined to he yestiglal
follicles, Xn two cases lymph nodes wers pot entlvely affected, only one avea
presenting cleay evidence of lymphosarcoma whilst the rest of the node, due
cluding the wedulla, was Indistingnishable from the node of a heslthy cat,

In flve cases, there was no clear covticoemedullavy diffoventiation, but

the central portion of the node was composed of Jerge round tumcur fool
without adjacent tyabeculas. These were assumed to be grossly tumified

wadullary pegs.

There was evidence of multiple tuwousr Zoci in both the cortex and the
wedulla in four cases,. BHecilons were composed of tightly packed foci of
fairly wndform hlast or stew cells, These werxe expanding and encyoaching
spon adjecent slaugas whtch were packed with more mature cell types, Flgures
34, 35, and 36, The tomouy Zool had expanded so that they were almost
unifora cell cheots 1n two ceotions, Wigure 37, This resembled glank

folldcular lymphona.

The lutegricy of the capsule was maintained in only four sections. In
the vewainder, there was evidence of infilitvation leading te destxuction of
the capsule. Infilivatlon of the peri-nodal area waz clearly evideat In
2% veetions and in elght others, conld be obsarved either ag shalliow streoms
of cells lying just ocutslde the capsule, or ag omall wasses of tomouz cells
Iying in the deprespion at the capsulax~trabeculay junctlons. In two scctions,
thera was clear evidence of an aceessory capsule around the node, but in the

majorleyf




TABLE & %

Summary of the Histolopiecal Findings of Lywph

Node gectiqns of Qats with Iﬁmghosatcama.

Number of cases a3 fortical brabeeunlae
Nunbex of sections 38 Tntact 5
Geperal avchitoeture taminated &
Rreserved 3 Pragmented or
“ Obliterated 26
toos of 35 B sl 1
L
: Follieles
Core co~me&uilat
diffeventiation Wiell defined in pavts 2
Vioible 3 Vestiglal 8
None 33 Replaced by call
38 sheata 24
Ferimnode aveas Tumouy follieles 4
i . by "E‘}
Negatdve & 2
Gortical sinusg
Slight infilitvation 8 S
Patent in pacig 1
Modaerate infiletraiion 12 P
Flooded, but visible 2
Marked ifnfiltvation 14 * N
s 38 Obliterated 35
Capsule
Madullary trabeculae
Intact 4 ' '
Intact €
Yaminated 2% y
Laminated 5
Fragnented of
e 38 Obliterated 33
R e a2 8
Subcapsular singe _ ?
' Medullary pegs
Pavent in parvis Q
Tumified a
Flooded, bui visible 2
Indistinguishable
Obliterated 29 from cortex 31

Unaffectad




Mﬁdullary ginus

Patent in pares
Filoodad, but vigible

Obliteracted !

Other features

Necrotic fool

Ddéfuse eytopathic changes
Diffusa haemorvhages
Acpesgory capeule

Fibrosis

Foel of eosinophils
Multinucleated cells

¥ool of neutvophils

Poci of plaswa cells

36
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majority of sectlons, as in the dog, it gomprised loosely aryanged siwoma
which appeared to be condensations of loose coanective tiszue, Foold of
necrosls were nok encounterced Ffreduontdy, uvor weve diffuse cybopathie changes,
Av postemorten examinatlon, nodes were selected which did nov show signs of
obvious necvosis, so that this obsewvation ls nel nereysarily a fefiection

of the txue incidence of neciocsis in cat lymph nodes, More informatlve wap
the sbsence of marked fibroslds, multinucleated cells of the Recde3iernbeng
type apsinophils and plasma cells, Foel of neubrophils weve observed in

only two lymph node seetions,
in 28 cata, the liver was affected with lymphosavcoma, Table 54, Again,

as in the dog, the liver was owve of the maln gites of the dlzease and affected

Livers weve Sound In each of the four forme of the digease in the cat,

Mgﬁbié Anatggg,

Afflected ldvers wore often enlavged and were usually pale. COccosionally,
white or cream coloured and falxly well defined spots, up to 4,5 om, in
diaweter weve visible on the surface asud were scatberad thvoughout the
vavenchyma, The eut surfaces wora chavacterised by enaggeration of the

portal txiads to form a distinet greyish network or motiling affect.
Higtalopleal Tlodings.
A summary of the histologieal €indings is presented in Table 56, Sectione

ware studfod fwom each of the 20 aifected cats, In every sactlon which was

exanined,/
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Summary of the Histologleal Fipdings.in

Igsions of Iymphosgrcoms of the Liver.of the cat.

Mumbexr of ecases 28
———— X
Number of sections 28
Goneral architockure Infllevation awvound central veins

Preserverd 27 Qecanional &

Lost i Abacat b

N T iV A3
Roveal triad defilevation PDagenerative oh&nms 'tn
lepatic cells
Qecasional triads 7

Cantral zone 10
Majorivy Infilivateds
Contral and

silphely B midegone 2
moderately 2 Peripheral and
midsgona G
marikodly 4
Entire lohule v}
Abgant 0

L 3 2 ] 23 A?JS&??.E

Solamegn 203

Zofllevation of Biuusolds Dihor leniong
Hmall fool 7 Subscapsular ine
Ellepation 2
Moderate fool 2
Haemosiderosis 3
Targe foeod 2
Mezakaryoeyies 2
Streams of cells i

Multinveleatad
Absent 16 Liver cells : )
T X A 28
Fibrosis of
povtal briade

2

Maltiple emall
abseessen 1

ViR




examined, thews wag some evidence of Jnfilteaicion of the portal twiads, In
21 cases, almost all the tyiads weve Infiilivated to some extont and in 13

of these, the Infiltvations ware quite distinet even with the low power of

the micvoscope, UHowaver, in seven cuases, only occasicnal triads wexe affented.
Such trlads wore slightly involved znd In one gectilon, there was moderaie in-

fileration of a sgingle triad with small abscessee which formed satelliges in

the sinusolde of the survouvoding lobules.

In wove than half of the sectlons, the siuntsoids were frea of tumour
cells, The main pign of infilcration in the sluwsolds was small scatterved
focd caunsiug slight distortion of the hepatle cell linmes. In four cases,
these foel wave much lepger and in twd of them, the effect was one of muliiple
tumoura throughouwt the lobules. In only one section weve fiune streaws of
tumour ceils within the &inusoids oboerved. This wae a very comaoi ob-

servation in the dog.

Gollectionz of tuwour sells avcond the central veilns were maver poted

chroughout an entive section,

Fatty changes of the hepatic cells wers only observed in the central
and midezonal areas of the lobules, whilst the periphoral zone cord cells

ware not usnally abnormal.

Baenogdderosis was seen In Chree cases and megakaryoevtes within the
sinusedds iu two others, Flbrosis of portal trilads and multliple small
abgcesses werwe observed on individval seetions, Multlnucleated liven cells

were geen in oo gection vhich was Heavily infilirated, Figuves 38 and 39.
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THE _SELEEN,

The spleon was affected with Lympbosapcoma in 14 cases and affected
apleons wave cheerved in cach of the fovms of the disease exeept the abervant

type, Table 86,

Vorbdd Anatomy.

Bight of the affected splesus weve =ither enlavged ox grossly enlarzged,
but five were judged not to be incveasad in size, Howevew, the usual splenic
profile wag presewved with rounding of the edges, even where theve was gross

inereage in sizg,

An affected splean was usually Diluish-pliok or of a wad alate coloar and
on gection, theve was praservatlon of the cansule, Yoss of centwal definltlon,
with the puly asswmulog 3 veddish and unlformly cellular appearabce, was common,

but ln & cases, theve was mavked hyperplasla of the Malpighian covpusclen,

Histolophcal Windings,

The histological data ave susmarised in Table 57. In evewry case, the
capasule of the spleanswas completely intact and no zign- of tumouyr cell
Infilrration was fnunﬁ; The watlos of btrabeculse to gplenic pulp wene low
in 5 seotions and woderate in the zest., Trabeoulay Inflivration with bumoune

cells waa observed in more thanr half of the sectiona,

In eight of the seetlons, the entive splenie pulp bad been replaced by
Lmpheoid tywovr cells. Mavked hyperplasia of the Molpiighisn covpuscles was
aoted In & other seevions. In theee of these, this wap asacelated with gapeked

infilivations
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TARLE O

[ R T

The Blatological Mndivngs in Tesions

of Lymphosavcoma of the Splean of the cat.

Total number of cased i
Nombor of secgions 4
N W
Capsule
intact 14
Tafilzated 0
Not ou the section O

P o 1 Tk Y T z{:,

Ixabocular pulp ratios

Tow 5
Modarate o

Trabecuiar Infiitration

Present &
Abgent 6

B S L 1(,;
Splenie puip
Biffuee infiliration 8

Eyperplasia and transfoymation
ef the Malplghlan corpuscles 3

Malgighlan hyperplasia and transfowmation
plus infilcration of the red pulp

:‘;&

ATy 1(!1

Megalkaryocyieg

Mot obeexved g
Occapional 2
Severald 2
Numerous 2

14




iafileration of tumour cells from the tumified corpuscles into the red

pulp, bui not to the oxtent where theve was total uniformity of the cell
sheet. In the othexr three cases, the tumified covpuscles were tightly packed
with wnlform blast cells and, although gsowme blast cells were pyesent n the
sinuses of the ved pulp, the hyperplastic Maipisghian corpuseles huad remalved
diserete, In the red pulp of one case, numbey 24908, rhere was wmarvhked
evidence of evythropoiesis: which accentuvated the tumified bodies, Tlgures 40
and 41, Where the tumifled Malpighian bodles had remained dlserete, case
nuimber 25522, tvaces of the former corpuscles could sometimes be found,
Flgureg 42, 43 and 44, Intermediate stages, when the tumour cells appeared

to be budding fxom the edges of condensed covpuseles, were also cbserved,

Megakaryoeyies were not observed In elght of the sections. In 2 sections
they were geen occagionally, in two sections several of these cells were
ohserved and in two others, they were found ln greab nuwmbers., In three of
the cases, the megakaryocytes were immature, with pale vesiculated multiple

nuclel each one of which had a prominent pale cosinephilic nucleclus,

THE ALIMENTARY SYSTEM.

Twenty~one zats had tuwmours of the alimentary sysitem and these losglons

were found mainly in the alimentary form of the disease, Tabie 54,

Moxbid Anatomy.

Lymphosarcoma was typified by diserete, spherical or oveld tumours of
the gtomach or intestines, which weze often muleiple. They were usually

pale/
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pale yellow or offevhite in colour, swooth surfaced and cecasionully ade
herant to adjacent loops of intestine oy aress of the omentum, Oan section,
the masses were composed of uvniform, firxm, vellow or white {lssue which

had involved all lavers of ¢he traci aund had caused uwirceratlon of the mucosaes,

QOccagionally, there were gceniral necvosls and sigas of impending perfovation,

A wore diffuse form of the disgeage along the intestine was aesoclated
with a vepular and marked thickening of the canal walle, Ia a few cases,
the mucosa appeared hypertivophle and in parts, had corrugations resembling

Johne's disecase in the bovine animal,

It should be beoruve in wmind that 18 of the 21 cases, 1n which lesione
of the allmentary gystem were observaed ai the post-mortem examilnation,
elonged to a group which has boen terwed the alimentary form of the diseace
in the cat and ig chavacterisged by gross leslons in the alimentary-nmesptnterics
lymphatic reglon. The distribution of such legione is ghown ia Table 58,
Yrom this table, it will be wvoted that culy 6 cases had lesions of the alime
entary sysiem-without davolvement of the moesenteric lymph node., Qcher
lesiona accompanying these alimgentary tunours in the & cases ave ghown in
Table 59, ¥Theve were only 3 caitg in which lesione were discrete and confined
to the alimentary tvaci and oune other animal wheve these lesions were diffused

along the ilutestlnes.

Pilstological Findinps.

Sections of the alimentary system were avallable from 15 of the 21
affacted cats and a suwmmary of the histologleal findings ave glven 4t Table 60.

Tesilong/
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TABEE 9

RN LR

The Diztribution of the Main Fosions ifm 25

Catg with the _Alimentary‘ }’J‘m:’m.cszml_\".z_mglwsgl:coma.

Tesions both an the gasitrowlntestinal

tract and the mesonteyic lymph aode 12
Lesions on the tyact only | 6
Megentewde lymph node alone 6
Number of cases of the alimentary type 24

pARLE 59

e e ]

Ihe Bistribubion of Tosiona of Lymphosarcoma

dn Six Cases of the Alimentary Tyoe where bha

Meseaterde Lymph Node wag not Affecred.

thev abdomlnal legions of the stomach

Case % derarn e s
Wusbers Liver Spleen Lyaph wodes o intaestines
a1e4 4
? ?ﬁﬂ 2 tzr- ,1.
14699 23 A+ &
18667 4
{"Iohné'ts Type")
24026 g

25366
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vanis 60

A Summary of the Histolosleal ¥indines in Iesions

of Iymphosarcoma of ihe Alimentary fvstem,of the Cat.

fotal nomber of casos 21
Number of secitlong 15
Mocous membraneg
tntact 1
NMeerotic or fibvotic 3
infilevated 5
Vestiglal glands &
Ghiliteratad 2

LTI fabc e
Submugosge

Tatact 1

Moderate infiltration S

Yarked infilitration 1%
Musgla layors

Inkact 2

Laminatied &

Fragménted 7

Obliterated i
Subserosal or mesenteric areas

Tafllerated 13

Not dnfilerated

&

15
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tesions were charactevised hy streams of tuwwour cells which wewe infiilewating
into the original structures and then incveaslipg in magaliude watil the
gtructures were destroyed and eventually veplaced by the dnvading cell sheets,
Tigure 45 + Neervogls, wlth some asgociated £1brosis, was noted In the mucosal
arvea in thves seetdons. In one cascy an Intact and appavently winfiltrated,
mucous membrane was noted, Adjacent to thig, there was wavked tunour in~
filevation of the wmusculatuve and megentery. Infiltratlion of the mucosace

was woderate in five cases agnd this had vesuvited in tumour cell Infiltzation
hetwean the glands causing digtortion of the proflles of the glands, bhut

only minow destvuction of these elemente, In four sectionz, only vestiges

of those glandg renalned awongst the intensely destructive sheeks of Llymphoid

tweour cells,

Infilovacion of the submucosa was related Lo the degree of involvement
of the mucous membrane and in that seetion where the myoous membrane was

vnaffectad, the submucosa was also Free of tumour cells,

In two of the fifteen scctilong, the muscle layers were intack, but
there wag infllivation of the adjacent mucosa. In the other 13 sections,
infiltration was obsewved; lamination in five scctions, fragmentation in

geven and obliteration in ome, Figure 46.
Marked infiitration was a featuve of the subserosal or mesenteric repions
in 11 of the sections,

Serial sections were prepared from an alimentary tumour of case aumbexr
25368, The core nf this mass was cowmposged almost entirely of lymphoid cells

with/
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with small glandular vestiges just below the surface of the wlcerated mucous
membrane whereas, at {is junctlow with the ilevm, only mild lemivation of
the muscular layers and sllght mucopal inflliration were obrevved histologleally.

The Llewm above and below this mural tumour was not microscopleally abunormal,

THE KIDNGYS.

Motastakie lesious of lymphosavcoma were obgerved in the kidneys of
17 ecats; wusually both organs waeyre affected., Negilons occurved in each of

the proposed forms of the disease, Table 54,

Moxrbid Ana tomy.

Affected kidneye wewe woderately to warkedly enlavged depending on the
depree of tumour cell idnfilivation. In © caseg, there waes g fine speckling
ovey the surface of the kidney and on gectlon, the cortes pregsentaed a fine
mottled appearance due to tumour inflltrvation. In 2 cases, wound pale yellow
focl, up to 1 om. in diamctery and boueded by a narrow zing of hyperpémia, were
obgevvad on the gurface of the kidusy. On sectlon these were found Lo re-
pregsent pale yollow wedge shaped laslone of the cortex outlined by ilutense
hyperacnia. The hase of cach lesion lay on or ¢lose to the capsule and its

apes polnted towards the juntawmedullary arvea.

Tumour masses, which vccupled large aveas of the coriex, were fouad
in 6 casesg. 1In one of them, case numbex 25522, borh kidneys were warkedly
enlargdd and on sectlon, the cortex wag found to be grossly thickenesd and

almost eompletely replaced by cream coloured tumour tisgue,

17783
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Histological Vindings,

SBactions were available from ecach affected cat and the hisiological

daita are swmmariged in Tahle 61.

The smallest tomour focl weve poorily defined and were copposed of shoxnt
aiyeans of tumour c¢ells infiiltrating swongst the renal tubules without mueh
resulting evidence of severe tubulay damage. In sowe of these sections, the
inglltrations appeared to bave an affinity for the perivascular aveas of
the smaller Dlood vessels of the coyiom. Wedge-shaped lesions in the cortex
weve assoclated with wazked tubular destruction and a reduetlion in the mmbey
0f wvigible glomerull, The wore massive lesions which occupied much greater
areas of the cortex, were also assoclated with elimination of many renal .
tubules and glomeruli, Figure 47, Surviving tubules usually pteseﬂted signe
of nepliwosis with pykuosis of nuelel, but in sowe cases, the nuclei had disw
appeared, Qlomerulay tufts in infilirated aveas usually showed pylnosie of

cell nuclei and appeaved somewhat shiunken,

Small subcapsuiar foeld of punddr cells were noted in four sections and
in five ssetlons, thens were lesions in the justaw-medullary areas, pavtlcuslariy
avowad tha blood vessels, Medullary tumour foci were only observed in one

segtion.

None of the histological changes obsexved in the kidney acctions could

be attributed to an inflammatory process,




TARLE 61

A Bummary of the Histologleal Tiandinse in

lepions of Iymphosarcoma of the Ridooys.of the Cat,

Humber of cases 17
Number of sections 17

Gortical leslonsg
4 ooy

Fopal, infilivabive only 9
Recal, destwructive 2
Massgive, destruciive G

Ggiher featuired

Subcapsulay infllipacion &
Juktasmodullary infiltration 5
Hedullary Infiltration i
Porievascular infiltrations 5

Pibrosis 9



THE LUNGH.

T ]

Tvidence of lymphosarcoma was found in the lungs of 8 cats and pulmonary

tesions were observed in each of the anatomical forme of the disease, Table 54,

In nost cases, theve were few macvoscoplcal signs of the disecase apare
Erom scatbered greyilsh plnwhead gized nodulea in the lung subatance., In 2
cages, well deflned foel up to 0,5 ci, in diameter were distributed sparsely

jn the parenchyma.

Histologically, most of the lesions ware arvangsd sround the swaller
bronchioles aud velus, but iu three lungs the main lesious were presgent in
£

the alveolayr fields, The alveoli weve pacied with tumour cells asd therve

was zeptal infiltration,

TN, BEART,

BT St LA e

Arecag of lamination of the muscle bundlies of the wmyocardinm wewne found

in thtee pais,

THE BONZ MARROW,

The femoral bone mavryow of 2 cats was found to be clearily infiltrated
with lymphoid tumour ecells, In one case, thic infilirvatlon bad completely
raplaced all evidence of the formef warvow activity, hut In the other,

farenf
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lavga focl of twmour blast cells were scatiered in aveas of the mavvew which
were othaerwise hyperplastice. Iarge numberg of dmmature wmegakavvoeykes were

also obgeyved dn thils section,

in peveral other sections of bone warvow which bad been selected becauvse
of sipng of wavked cellularity throughouvt ithe medullary cavities of the
femure, hyperplania of all the normal hacwmopolaetilc elements was featuved.

in three cats, the typlcal architecture of the tonsils had been ecome

pletaly replaced by sheets of lymphold tuwmour ecells,

THE PANORIEAS

Thies gland was Infiltvated in two instances, It took the form of intra-
lobulay and intve~acinay infiltration by cumonx cells with progressive dew

styuction of the glandular eplthaliun,
SUMMARY

Widespread inflitration of tissues and ovgans by tumour calls as well
ag dlaereta tunony masses chavacterised all fowms of the disease in the
cat and gost of the tumour masses ware hiphly luvasive pevipherally. Thue
it wap Imposslble te distinguish one form of lymphosarcoma from anothex

on hisiolepleal critevia in this species,
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TUMOUR, CLEL MORPHOLOGY.

Ihe Geli Morphelopy of Feline Lymphoid ?isaqg.

The calls found in the lymphoid tissues of the healthy cat were in
aluost every vespeet similar to the iymphoid eells of the dog., However,
in the wvndifferentiated celle in the cat there seewmed o bhe less chromabin
condensation than similar celle in the dog. In addition, there was rathey
wmore variation in the nuclear cytoplasmic ratios in feline Iymphold celle

as compared to those of the deg.

Ihe Dominant Tumour Cell Typas.

Malignant cells In lymphosarconn wewre indistingulshable frow noxmal
lymphold cells and they were recognisable as tumouw cells ouly by thelr

abnormal awwmbers aud the formation of pathognononic cell sheetg,

In lesions of lymphosarcoma of the cat, it was rvelatively simple to
determine the majority tumour cell type since theve were only swall degrees
of vavlation in the cell type throughout an organ. There was algo vnie

formity in tha cell type throughout the body in a glven case.

The dominant cell type, classifled as “lmmature", Figuve 48, or "mired"
or "mature," Figure 49, In 48 cats is ghown in Table 62. 7Tt will be observed
that in none of the 4 forms of the disease was there a predominance of one
or other of the two twmowr oall groups. From this, it was concluded that
there 1o no move likelihood of one tumouxr call type rvather than the othay occurring in

the different anatomical forms of this disease in the cat.
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There was o close relatlonshiy between the tuwour cell type and che
mitotic rate. The more undifferentiated cell shects showed a higher rate

of mitosia than the wmore mature cell sheeais,
.
TABE 62,

The nisﬁrihutiqn qf_tha Q@@iua“§ Tumour Cell Typs in

the 4 Anatomical Porme of Lysmphosarcoma of the Cat.

Multicentric  Allmentaxy  Thymic sberrant  Total

Inmatuye cell

pheata 4 10 2 2 18
Mixed or mature

call sheets 7 13 3 2 25

Unidentiflable 3 L 1 5

Total cases 14 24 5 5 &8




SERCTAL TXAMINATTONS .

The Hasmatolosleal Fiodings.

Thivty seven blood samples werve exemined from 23 cate which were
subsequently shown to have been sufferviuvg frow lymphosarcomsa. A summary
of the haemograms ig glven in Pables 63 and 6&%. The norwal values vaed

were those glven fox the emt by 8Bchalm {1961).

The erythrocyte sedimentation ratcs (B.8.1.) weve very vaviable and all
but one cxcecded 10mm.fhouzr. In well over 30% of the semples, veandings
higher than 30mm./hour were recorvded. These veadings showed a negative

correlation with the botal erythrocyte counts, Figure 50,

More than half of the veadings of the packed cell volumes {P.0.V.)
warn below 30% and slighily over 1/5 gave veadings of less than 20%. In
30 of the 34 sauples, the haemoglobln estimations were below average for
the cat and 10 of thoge were almormally low. This trend was followed in
the kotal evythrocyte counts, vhere over 50% of the counts were less than
6 mitlion/eu.mm. and 33% had £allen below 4 million per eu.mm.

The Mean Corpugcular Haemoglobin Concentraitions {M.C.H.0.) and the
Mean Qorpusculay Volumes (M.C.V.) were within the normal raunges for iLhe
¢at dn the majority of sawples, althovgh ia 5 cases. the M.C.B.€. was

lowar than normal.

Prom these fipures it was comcluded that the E.8.R. was related to the

L0~




degree of anacmla and the lower the total erxythroeyte count fell, the highew
the erythrocyle sedimentatlon vate yosa, The type ¢f anaemia which developed

in the cab with lywmphosavcoma was vsually a novmoeytie and nommochromic one.

the total leycoecybe count was above thoe yoper limit for the cat in 9
gamples, In 10 cases, the absolote neutrophll counte were highevr than 15,000/
cu.mm, and in 7 sauples, vhe absoluie Ivephocyte count was in ezceas of 7,500/
cu.mm.  However, dn 14 out of 30 samples, the abseolute lymphocyie counts were

legs thau 2,500/ cu,mm,

Lyaphosageona in the cat was, therefore, assoclated with compavactively
low leucogyte counts and lymphocytopenia was very fvequenily observed. A

ninoricy of cases showed neutrvopenida,

In 2 caks, & blood samples, a lymphocytesis in excess of 30,000/cu.mm,
was observed, The clreulating lymphodd cells in both animals included numbers
of typical lymphoblasts., In one other cat, where the lyaphocyte count was
4,900/ cu.mm, , lymphohlasts represented 17% of the lymphoid cells. in several
oither blood Filws, lymphold cells were found whieh contained smoall nucleoli,
Those uuveleoli weve pavtially obscured by clumps of chromatin and it was
thought that the chromatin in such cells vwas too condensad for them to be
claspified vaconditionally as blast celig., The so~called “smudee™ coalls and
"ageypileal' lobnlated lvmphocytes were also observed, Such cells ave by no
means uncommon avenr in the blood of cats whileh sre ¢linleally dhdite healthy

and are eeptainly uot pathogromenic of lymphosaveona.

Eosinophilic normoblasts weve obgserxved in a minority of blood Fflims,
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yane 6 3

Daca on the Gircunlating Exythrocytes of

23 Gats Suifering from Iymphooaccoma.

Erythroeyte Sedimentation Packed Gell Haemoglobin
Rates Volunss Concentrations
wm, £ hour Samples % Sanples ome £ 100 i, Samples
G- 1 < 20 7 < 4 3
10w ¢ 20= 11 Ly 7
20m 5 30 il Bw 203
30w 4 40« 3 12 &
G0 7 50~ 16~
50 3 GO 204
GO &
30 32 34
Total Brythroeyte _ .
counts M.C H.G, MLV,
wil.Jen.m,  Zampleg % _Bawples e, i Sompla
< 2 3 < 20 < 40 i
2 -7 20~ 5 40w 9
g ) 30 24 50 14
= 1L L3 2 60~ 3
G 1 504 70w kA
10w &0~ 1
904
30 31 27
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Taniy 64

Glreulatlup Loucoeytes in 2% Qatvs with Lymphosircoma.

Toial Leucogyte Absolute Neutrophil Algoluite Lymphocyte
gounts counig counts

.;giﬁgiggg. Jaup log IOBZQa.mm. Gouples 103[cu.mm. Somples
<5 5 <5 5 < 2.5 14
Hw 23 S 21 2.5 15
25 4 15 9 7.5# 2
50 3 25w 15,0« 1
75 2 35w | 30.Q0~ i
190% b i 60,0 3

55+ 20,0
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Biload _Eimﬁmmica}, TesLs Carried out

o 12 Gats with Lyaphosarcoma,

Blood uxes Plagma protein A6 pavio
rg&;f}“og ”gg. Samples €n, /100 mi. ﬁamg. leg Sampies

25 3 4 0.5. i
25 9 by & 05w Y]
30= 3 G 5 1.0 1
75~ 1 G & 15w 1

100 1 Fs 2.6+

125« i

1500
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The Blond Biocaemt{%t;{y.

There were techoleal difficulties 1in obtailning blood samples which were
sultable for biochemical examinztions from many of the oaie, since they were
critdcally 111 atv the tlme of admissdon. Beecause of this, relatively fov

rawples wave exanmined, The data are summarleed in Table G5.

The sevum protein levels were low in moat casess,but the albuomenfglotulin
rvatios remalned within normal range, The blood urea levels, in 12 of the 18

samples examined, were less than 50myg./ 100 ml,
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o CLINICGAL WINDINGS.

~

THE DURATION OF THE DISEASE,

The duvation of the dlsease could only be measured fvowm the ongei of
the elinlcal signe unitill death. The durations of this phase of lywphosarcoma
of the cat are shown in Table 66, “wentywaight of the 39 cats were dead
within 2 wmonths aftor the onset and nearly 40% of the group died within 4
weeks of the onset of the illness, o evidence wos found thaib theve weore

differonces 4n the duration of the dissase awonget the anatomieal forms.

T SEX TNCIDENCE.

The sexes of 39 cavs affected with lywphosarcoma ave glven iIn Table G7A
and a compayison between this distueibution and that of a sample of cate, which

wers admitted guceesslvely to the hospltal, is shown in Table 673.

The vatio of males to females in the lymphosavcoma group was not statiste
£
» . . g 2
ically diffewent from the ratlo in the sample of admisgions, X-° = & 3,84
with one degiee of fresdom.

From this it was aspumed that there was no fex incldence in cats with

lymphosaraona.

TuE AGH DESTRICUTION,

The age distributioﬁ of 39 eatg with Llymphosarcoma I8 giveu in the upper
pavi of Table 68, Trom this, it will be clear that numbers are too small to
justify o stetistical aualysis. Untll move casee iu cach fovm of the diseasc
are stndied, it should be assumed that there 48 no age incidence in any of
the anatomical forma of the disease. Nowever, it will be obmerved that 3 of

¢hef




TARE, 66

ZThe Duvation of Overt Iynvhosaveoma in 39 Catds

Durailon in weaks,

Holt wecordad
IR A SO VIR0 A IR

Tohal,

LU NTE ey Y

&4 ke Be  12e 16w
Mplticentric 2 A i 3 13
Thymie 1 2 L i
Allwmentary 9 3 1 3 2 20
Abawvani 3 i &
Total 513 i 2 K] % 39

ganzy B 7A

The Bew Blateibution of 39 Cavs Affected with Tymphosarcoma.

liales
Bocice
Neuwtered
Pemales
Intire
Neutered

Not rocordsd

Yotal
T A

is
9
24
)
&
- 14
Lt
39
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TADLE 675,
RoA Lh A

A Comparigon Betwean the Sex Igecldence in a Group of Qaks with

Lyaphooarcoma aud a Group of Gatp Adwitted to this Hospital in

Successlon for Treatment for Discases in General,

Lymohesarcona Hospital Admiseion
Gz oy | Group, .
Males 24 56
Females 14 50
Not recorvded 1 '

Totale 39 106
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the &4 cate with the so-called thymic form of the disease were between 1 and
2 years of age, which is not surprising siuce the thymusatrophiles early under

normal clreuwmstances,

The apes of 95 cabs which were admitted te thie hospltal ln succession
ave given in the lowver part of Table 68. A staiistical compavison was coveled
out betgyeen the nunhers of cats in both the Iiymphosarcoms and the admission
groups to determine 1f any diiferences could be established. TWour age groups
were taken, less than 1 year old, 1 o 5 years of age, & o 10 weavs of age
and 11 years of age vpwards. There was an obvious signiflcant difference
baotween the mmbers o the youngest age grouwp. In the older age groups, with
one dagres of fﬂeedom,fxiz = 0,46 n.o. in the 1 « 5 year old gxoup,ocz = 0,003

. 2 .
ma, io the ¢ - 10 yoov old group and/>c' = (0,82 n.8. in the oldesi age group,

From this, it could ba econcluded that in cate with lysphosarcoma vhich
are ndmitived o this hospital, theve is a low ineidence in animals under 12
wonths, but theve is neitber a higher nor a lower incidence of thiz disease
of the zat air thiz hogpical than would be expected from the ages ¢f cats which

have been admitvted for disecase condlidons in genewal,

THE SYNDROMES ASSOCTATED WETH LYMBEOSARGOMA OF THE GAT.

A sunmazy of the maln clinical signz and asymptoms of 38 cases of the
discase is presecaied in Table 69, In 3 cases, alchough o postemdrtem oxam-
Ipation had been carrled out, only a general pathologleal report was available,

but death was due to lymphosarcoma.




The Hastdng Sydrone,

A bagie ovadiome was observed in almost all of the cats where Lywmphoe-
savcona was allowed o veach an advanced stage, There was progressive loss
of hodlly econditlon unidl ewaciastion was so marked that the ouvilines of the
pones of the hiead, spinal column and pelvils becane prominent and zreadlily
palpable, Abdomival fat was also gradually logt, ¥Yhis diceade was afebirile

and ancompavied by maried lethargy and depresgion.

Loe Additional Weatures in the Differont Patierns of the Discage,

Yo the @ulticentvie form, there was enlavgewent of the superiicial

yoph nodes, including the caxillaxy and supenflelal inguinal nodes, in the
majority of cases, There was seldom any obvious veason, such as iunfection,
£o account ior the lymphsdenopathy and the nodes weve uwsually bilaterally

")

syumetyical, fien, velatively mobile and painless, In some of the cats,

the iucrease in lyuwph node sizes wae only modevate, Tn 0 of the 1L cases
the enlarged wecenteric lymph node could ho palipated and readily ifdentified
as sunh, Besploatory sipos were vhsexved, pagtieulasly in those cases wheve
2 tumour mass was aleo present in the antevior medlaptinews, This so-called
thymle mase was palpable at the antevicor inlet of the thovax In a few cases,
In the mulitleentvie type, the ongct could be eiller sudden oz gradual,
Thirvst, diarrheoea and vomiting were not comuon symptoms. En 2 cabs, fhe
muepus menbranes were pale and the tonsils wewe found to be enlarged in 2

others, In one oai, the eyellds were swollen.
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n & oFf the caits, the main tuwmour mase was centred in the mterior medias
ptimum. This was the "thymic forwm” and the presenting sympiong were esw
pivatory. Dyspnoea was caused by the space occupying effect of the mass
in the chest. This mess could be palpated at the base of the neck where it
protruded through the thovacic inlei. The wasting syndrome wae obaerved
in theee of these cnts, but one pregented respiratory symphoms which were

so severe that It was destroyed whilst gvlll in good bodilly condition.

The alimeuntary foxm was chavacteriped ag post-moriem examination by

gross infiliration of the mesenterlc lymph node, tha alimentary teact, ov
both ¢he node and the tract, Tumours at these alted warve not sonsistantly
agsoclated with sevore diavrhoea. In only 6 of the cases was pewsistent
dlarrhoea vecorded whilst the animal was in the hospleal, alihough a history
of dlavvhoea was glven in most instances. 3Io hospltalised cate, there was
veually ineppotence and very litetle ovidence of faeces within the lavge
intestine, Three of the animals shoved mavhked thirst, but vomléing was never
arcegaive and was poted ir less than 507 of the cases. & fivw, palnless

and wobille mass was palpable In 14 of the 19 clinical cases a4nd an enlavged

spleen was palpated &n one eat, The ounset was deseribed as sudden in 12 cases,

The aberpeni form of the disease was assoclaved with infiltracion of

the lives in each cat, but the livevs were nevor grossly enlavged. In one
of the anlmale, the lafit kiduey was mavikedly eanlarged and in ancther, a foree
Limb and the submaaillary and prescepulsy nodes on the same side of the body

were affeectad.
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Where lesions of iymphosarcoma in vhe kidneys were massive, thers wewe

elinfeal signz of ursemia terminally,

Agcites was obgerved in 2 cases of the multicentrle type and & cases of
the alimentayvy form, Uydrothorax was found in 2 cages of the multicentvic
type, oune in the "thymie" form and two i alimentary cases., Pale mmeous
membranes werve Ffomod paviieulavly in the alimentary forwm of the discase,

Jaundlee was not obgevved in any cab with the digesse,

DIACROSUIC MAWKERE,

PERVEY

Pathoppononic changes, both qualicative and quantitative, in the lymphoid
calis of the peripheral blood did cceur in thie disease, but the incidcnec

was too low for blood to be used as a dlagnostle tool,

Conflemation of the diapoosis of Iyaphosavcons depended slmogt entlrely
on histological criteria and accordingly, diagnostic wmethods must be designed
to select the bept tissues for thia purponz, Because of this, the subdivision

of the cases into thely anatomical fowms was Justified,

Whera there was wilateral enlergemant of the superficial iymph nodes,
a blopsy of an enlarged lywph node could establish o dlapposis, Uniilke the
dog, increase in size of all the superfieial lymph nodes was not pathoe
gromonic fov Iymphosarcoma in the cat. In this latter epecles, there were
cases wheve gross hyperplasia of the lymph nodes was ﬁoﬁnd, but the nodes
were gimply highly reaetive histalogically. Thio gitvatlon muast be differ~
entlated from that histologleal foum of the disease which is asoceiated with

nodes packed with tuwour follicles and which resembles glant follicle Lymphoma

4 man.
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In the case of the slimentary form of Lymphosarcoma in the cat, the
inteseines or the wesenteric lymph nodes were copstantly involwved in the
tumour preocess. Therefore, euplovatory lapavotomy and histoleoglcal exame

Ination of suspecited fumour btissuewvere necessary to establish a dlagnosis,

The "thymic” type could be diagnoscd with reascnable coanfidence by
vadiological exswinabion of the thorar of the standing cat after any Fluid
praegent in the pleural cavities had been drainmed. A tumour mass in the

anterlor nediastisun ovher than Ilymphosarcoma e vave in the ent,

Fogitive diagnosis of the aberzant form of the dlsease was possible 18
theve werce superficial lesions or 1Ff the kidneys were grogsly 2ffecited and
palpable. Otherwise, this condiblion was difflcult fo distinguish from any

other desceuetive leglon of the liver.
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wapis 69

funmary, of the Glinical Findinge

9f 38 Cuts with Lymphosarceoma.

Multicentrie Thymic Aldmentnry Absrrant Total

Nunber of cases 11 4 19 4 38
Sudden 5 2 12 19
Cradual 5 i . ) & 16
Yot recorded 1 1 1 3

Bodlly sondltion

Obego

Good a i i &
Paiv 1 2 3 &
Enaciated 7 3 i7 2 29
Hot recorded i " 7 ) 1

Hen2anous
PR PR LAY T

Alext 2 1 3 6
Bull 8 3 16 & 31
Mot wegordad i 1
Preagent 1 1
Absent 10 4 18 4 36
Undulating

Not recorded i i




198

Maledcentric  Fhymic  Allmentary Aberrant  Zotal

Appatite

Good 2 1 ) i 5

Poor o absant 8 3 16 3 30

VYanilable 2 2

Mot vecordad 1 i
hilrst

Noxmal 9 3 10 & 26

Pueesslve + 1 i 6 8

Bxoepaive &b

Breasslve 3 . 3 3
Not wecozded i j!
None 8 3 10 & 25
Becasional 2 i 9 12
Yraguent

Bepeatad

Not recovded 1 1

Faeosg

Normal or absent g 5 13 4 28
Blanghooa 2 A 6 9
Haemeoryhagile

diarrhoea 1 i

Hbdomdnal palpailon

Wideabdominal mase & 4 14 left kiduey 2%




Ragpi

Muleidgentple

Hepatomegaly
Siplencinegaly

No abnowmality
datecbed

Agodten

waloey systom

Tachypnora
Tyepnoea
Cough
fiydrothovay

Uyanotic

Balpable superficial

lyinh nOdea.

Pale

L

TG O

-—

Jaundice

fularped tonsils

Raipable thymie pass

Eyes

Corneal uwiceration

Swollen eyelids

11

Ehym?

£23

e

ﬁlimentarz

155

I

“y

fir

Aberyant

i

Total

4

£ 9]

[=2 B Y
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CLINIOAT, AND PAYHOTOCTOAL RELATTONSHIRS.

. THE RETATTONSHIP BETWEEN AGE AND DURATION,

Table 70 shows the velationship between the duration of the eclinical
phase of Lymphosarcoma 1n 30 cats compaved with their ages. WNo statistical
difforence was found between 2 age groupe, less than 5 yeavs and 5 years

fx;a , . ‘ 4 -
and ovex, = < 1 with one degree sf freedom. Thua, there is no difference

in the duration of the disease in youngeyr as compared to older cats.

TABLE 70,

TORTP R T 4

ZThe Duracion of Overt Iymphosarcoma

fa 36 Cats Compared with Age.

izzzstzznﬂg@ %ﬁ%gﬁgg} Not recordaed Total
Duration in
weaks < & 8 7 15
O & 4 i 11
B i 1
12w 2 2
16+ ) 2 2
Yupation not
recordad & 1 5

Total 19 16 3 36




THE_RELATIONSHIP BETWEEN THE DURATION OF Tf

JGELL TYPE.

L DISEASE, AND, THE, DOMENANT. FUMOUR

The duratica of ithe clinical phase of Lymphosarcoma in 36 cais was

conwaraé with the deminont tumour cell type sud the rezulta are presented

in Fable 71, Wheve the domluant tumour cell was Mimmatore,' 11 of the 13
cases dled within 2 wouths after the onset of the syuptoms of the disease,
In thoge instanpces in which the tuwour ecell type was Maixed or wature,” 14
of the 20 cais died withia the same poriced. No statistical difference could
be found between the Two groups,?ﬁg = 0,05 with one depree of freodom and

1t can be souncluded thai a knowledge of the dominant twmour cell type is of

uo value in peediceting the duration of the Lllinsas.

TABLE 71

L4
LTI 2 VR AT R

The Duvaiion of Overt Iymphosarcoma in 36 Gats

Compored with the Pomlnant Tuowouy Cell Typa,

Buration i weekg

tegs than & bym B 124 164 Not veconded Total

Tmwature cells 6 5 & 15

Mized or mature
cells 8 6 1 2 2 i 20

tinidentifiad 1 i

Tt
e
el
L5
e
(w3

Total 15 1)

mud




DISGUSSION.

5]
g 2F SRR o

From this siudy, it would appear thot the disease of the eat, which
has been termed lymphosarcoma, is charactegised both by the forwation of
diseyete tumours I vardous elies in the body and also widegpread infil-
tration by tumour cells Into owgans and tlssues. ALl Jormg off lymphoid
celie wera obgerved in the tumour lesions and it was not found possible
to establish any relationship between the dominant tumoun cellAtype, whiich
tendad to bhe velatively wmiform throughout the body and the duration of
the ovevt phase of the disease, ¥Tn the majority of cases, the histologleal
pictuve was one of unifovm sheets of lymphoid cells, but in g few cases,
features In the lywph nodes simllar to those of glant follicular Iyuphoma
were obgerved. In the cat, thiz may well prove to be a pre«lymphosarcomas-

toud praze as Lt often is in men.

{anes were subdivided on the basls of the pattewns of the gross losilons
In ovder to illustrate the differing manifestatlons of the disease. This
i3 of some iuwportance In diffaventisl diagnosis and in cheosing the beat
tigsue for blopsy. Yhere was no avidence to suggest that the subdivisions
vevealed diffevent entlties and the condltion was regavded simply as a single
disease compilex. Until the aetfology 1s clearly established and the pathow
genagis worked out, éhexe is no point In looking for subtle differences
wvhilch might be thought to justify the use of the terms wvisceral lympho-
sareoma, lynphacic leukaenia, or malignant lymphoma to deecvibe one or

other of the wvarious panifestations of this disease.

AU



The vegulis of thils investigation covreespoud clogely with those pube
1ished by the Boston worksrs. They ave alsce in agreement with the obeervatilons
of Cotgehin,

Ag is the case In the dog, none of the diagnostic teain in current use
permitsdiagnosis of Iymphosavcoma at g stage vhen therapeutie or surgical
measures could b expected to be of value in prolonging life. Once a palpable
tumour develops o the charactevistic aymprtoms bagln, then this wallgnant
digscase has §lready veached a ptage wheve it mugt Inevitably prove fatal,

Tests Lo detewmine the pre-sarcomatous or latent phase of the conditlon
will have to be developed, but this will not be possible until wuch move

ie known of the wathogenesis of this dlszcase.

(I s |




PARTY _JHO.

4 PROLIMINARY RUPORY ON FRANSMISSTON HAPHRIMENGG

WITH LOURAGMIA (LYVPHOSARCOMA) IN THE CAT.




<U4

As part of o long teym reseavrch progravme designed o test the hypothesis
that lymphosarcoma in the domestic mammals 18 caused by an infective agent,

eats, dogs, plge and catele have been used for tranocmiseion egperiments.

Onae of the owjectives has been to induce fast-growing tumours in suts
ceptible animals of 4 slven speciles by the inoculation of meterials prepared
from twmour tissues faken {rom spontaneous cases of the digeage In the same
epacies. Rapidly developing tumours would be harvested, proceased and ine
oculated once more Ilnto susceptible andmala. After one or move passages,
ihe speed of growth of the tumours and the virulence of an lafectlve agent
alght become enhanced whereby high titrve filtrates could be chtaisned. ihen
this stage wag reached, controlled experiments could then he cavried out o
prove the hypothesis, In addition, the pathogenesis of the disease could
be established in detall and sorological and biochemical teste could be

devised as carly diagnostle markers.

During the course of such esperiments, tumours would be examined in the
plectron microscope ko ascertain if any virus, ox virus-like partiecles, were
pregsent in the tumour cells which wonld also be grown artificilally to €ind
out 1f apy cytologileal ox cytopathic changes could be observed which might

indicate that wirus production oy release was in progress,

Franinations would alse be capvied out bo find any clinical or haomas

tolopical mavkers which could indicate the onset of the experimental disease,

This i5 an dnterim report on a series of experiments in the cat which

was begun In 1961 and is to be comtinued for several yeavs.
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MATERTALS AND METHODS.

Pumovy Clssues were harvested aseptically frowm cats with naturally
accurriag and sxperimental lyephosarcoma, Prepavations fvom these tissuea
were inoculaoted fato hittens during thely first day of Iife. 8uch kittens
were born ab an isclated cattery, surwounded by double fencing, which was
located some 12 wmilles novth of Glasgow. They were housed aud weared at

these premises.

During the course of experiments, clinical and hacmatelogical ewamipations
were caviled out wagularly. Haematologieal examinations wewre performed on
free flowlng hlood from venepuciture of one of the superficial veins on the
external aspoct of the plona of the ear, Total erythrocyte and total leuco~
cyta counts were carrled out wilth en electronile particle counter as deaqribad
in Part 3 and the dnlclal 1:300 suspension of blood in phosphate buifered
saline was preparved at the caviery fyxom ghole bloed, The »:G.¥. was ose

timated by the Howksley microhaematoerit method, after Fishor (19623, Ozy~

haenmogisbin was weasured by the method deseribed by Bell ek al {(1945).

Thin blood filme were made at the eatiery and later stained with
leishnan's staln in che laboratory, A differential leucoeyte count was
carried oul after the methed of Daecie (1263). A minlmum of 400 white calls
was covated on each £ilwm, but only wn those wvhere leucoeyie morphology was

sxcallent,

A group of aduli wale and female cats wwas collected in the carly park

of/




of the project and introduced into the catiery after a perlod of quacantine.
These animals bave bean kept Lo provide sueceosive litters of newborn kitteans
as $ree of dinscase as possible. No adult eat i@ nov admiitied o the cattery

before undevrgoing & prolonged periocd of strict isolation and observation.
RESULTS,
At the time of writiag, July, 1965, the preliminary resulir of {wo of

the original experimenis are availlable and certain results from subsequent

expayimehta:

EYPERIMENT ONE.

Thio was an initiatdon experiment in which material was pirepaved from
a fileld case of lymphosarcoma in a cat and subsequently inoculated into

kittens less than 12 hours after they were boxn,

Materialas and Methods.

v
v

The passage matevial was obtained from a female cat, aged 8.5 yoars,
number 19377, which had a lesion: complex of a large anierior mediastinal
wass in the position of the orviginal thymus, multiceatric lymph node involve-
wment and splenic enlargement. This is one of the common patierns of the

disease observed in this species. Lymphoblasts were the predominest cell type,

The mediastloal tumour mass vas romoved aseptically immediately after
death and wat stoved Sor 5 days ag «40°¢, 1t was then divided inte smaller
pleces and stoved for 06 days in 50% glycercl and 0.1 M phosphate bufifered
saline {(pH = 6.8) at = 10°c, A 1710 suspension in 0.1 M P.D.8. was prepared
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by hand grinding In s mortay and this was centyifuged for 30 minutes at
o
2,000 » g, The supernatant was veomoved and stored for 24 houvs at 400

hafore use.

Back of 4 hittens in a litter was injected with 0.5 ml. of the guperw
natant subcutaneously over the vibes within 12 houvvs of birth, The anilmals

were vesrad a8 a grouwn.

Glinicalnabae%vations.

The kittens were numbared 19377f/¢, /10, /11 and /12, They grew well
and were weaned at the age of geven weeks, When they were giz months old,
voutine c¢linieal and haomatédlogical exaninatlons were begun and these were

continued throughout the expeviment.

3ix months after iunoculation, 9, 10 and 12 had veadily palpable super-
Eledal lyaph nodes end 9 and 12 bad splenic enlargement, Bhovitly thereafier,
pecasional sncering and coughing cceuryvad in all four kittens and they dew
veloped diavrvhoeasy these signs persisted throughout the expexniment. By
the 7th moath, kitten 9 bad several peawsized podules in ity ubdomen and
livien 14 had an easily palpable spleen and a mase in the sntevior abdomen
which wag estimated to measure 7 cm., long by 2 ecm, in dismeter. Number 11
had two small nodules in the positlon of the mein mesenteric lymph nodes and
12 had a wass similaw to, but move moblle than, that of kitten 10, These
nodules continved to enlarge and the faeces,remained loose. Yhere wewe

psporadic attacks of foetid diarrhoes,

In the niath monith, kirten 11 was found dead ome morsing without having
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previously shown any gigns of acuie disease, In the succeadlng thvee wonths,
the abdominal swellings snd splenie enlargements in the remaindng cats became
more marked and agaln there were sporadic episodes of anovenia, severe

dlavrhoes and intermittent, translent pyrexla.

In the 12th month, kitten 9 was heard making exyiag sounds as if ian
paing at this time 2 wmase in the mesenteric lywph node areduwas cleaxvly
palpable. Withia a fey days, this animal was found dead, From then om,
kictens 10 and 12 showed profuse dlavyhoea. They wvere anorectic uueh of

the time and lost weilght.

In the 15¢h wmonth, kitten 10 wao considered to be in ¢the toyminal stage
of lymphosaycona. ddarrhoea, dehydvation snd anorexia had produced a thin
aniwmal, The main abdominal mass, the gurvounding abdominal nodes and several
of the superileial wodes could all be cleariy delineated, Gross splepomegaly
was peesent, In ordey o obtaln fresh waterial for elsctron alcruscopy,

furthor transmission experiments and tissue eultura, kitten 10 was deagroyed.

Over the following 3 wmonths, the sole suvvivor, kittem 12, gradually
logt bodily condition although 14 remained alert snd interepted in its
surroundings. Iés suporflicial lymph wodes were palpable and the mid~abdominal

mass sEill nersiated,
Eightecn months after the start of the experiment, kitten 12, which had

by now become very thin, began to deteviovate vapidly, It refused food and

fluide and wes dying. Xt was destvoyed,
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Haematologleonl Flodinpgs.

Normoblaste were found in varying numbers in many of the blood #llms,
aichough there were no other indicationg of ansemia exeept for Ritten 10
vhere a terainal ansemia was utnaccompanied by a normoblogt racponse, Aniles=
ocytosls was observed iu gome of the £illms, bui there was no evidence of the

presence of Bpevythrogpar felis ip the ved cells,

Neubrophilia, > 15,000 neutrophils/cu.mn. , wag pecsistent in kitten 10,
but wasn obgexved warely in the others, None of the kittens showed a Llympho-
cytosis, > 10,000 lymphoeytesfeu.tm., or signs of subleukaenia. An gecasional
lavge lymphoid cell was ldentificd which had some of the chavacteristics of
a blast ecell, but it was wove dlffeventiated than a modal Iymphohlast, Thie
was oot dndlcatdve of leukaemia, sloee such celle can be found In amall numbors
in the pevipheval blocd of gome healthy ecats, Some of the blood celila of

eat /30 are shown in Pigores 51, 52, 53 and 54,

dhe Pathologlcal Flndings,
The Pathologlcal Findings,

Fogt-monten report on kitﬁan 193??19, This was the socond membey of
the lltter to die and 1t was 12 monthe old ab the Cinme of death. A the
post-mortem exawindbion, the mesengewic lymph nodes weve enlarpged, the
wain node being & cm, lopg and 1,5 ems in dlameter. The central pact of
this node was completely occupied by whilte tumour=like tizsue and the mednlla
eould only be discexned at its ends. The superficial, anterior mediastinal
and paramaovtic lywph nodes were moderately enlarged and weve gpeckled ved
and white on their surfaces. In moest nodes, the wedulla could seill be
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wecosnlsed as & narvow cenbral 1ine. The spleen was enlawged, thickened,
deep wed in colowr and had markedly hyperplastic philpigbise corpuscles
protroding from Ltz cut surfacse. The Liver was pale, friable and showed
intengive lobulay delineation, Tha Peyer's Patehes, eppecially in the

lower part of the jejunum, were plague«like, enlarged. and sefi.

The lesion which probably resulred in death was a severs nacrotic
panereaivitis with sssociated fat necrosig, Baveral small, yet enlayped,
Iyoph nodes were clustered asroumd the conmon bile duck, However, the duoct

was not oecludad.

Histological examination confirmed the presence of necrotizing pane
ereatidtis and thave was also pregent a pocullar Lype of gube-acute uyﬁélytic
nacrosis of the Livew, This wag characterlsed by a reduction in the npumbers
of hepatiec cord calls with great incyease Lo size of the gurviviang cells,
many of which wewe wiltdnucleagted, In addition o this, there was maiked
Infiltration of lymphold cells into the portal triade and the sinuseids,
Figure 33, The main mosenterlc lymph aode was similar in wany respects
to that of the dopor cat from which the fnoculum wag derdved. There was
some veplacoment of the medulla by cords aund checie of celis extendlng
from the covten. Tn the coriex, several areas shawed necrosle and cytolysie.
Germinal follicles were only oeeasionally presgsent ond these weve irxegulgr
and not survounded by the usuval win of swmall lymphocytes. The cpleen cone
tained enlarged Malpighian bodies and the pulp was packed wilth cells, many
of which were Lkavyorrhectle, No abnormalities were found in either Lidnoy,
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The plaqueniike leglons taken from the small intestine consisted of o
styeaming cut of lymphoid cells throughout the whole thickness of the
mucosa. Thay had pushed aside and replaced the crypts. The lungs showed

saveral perivaseilay agpregates of lymphold cells,

Post-mortem report on lkitten 103Y7/10. This animal waes the third in
the group to die and 1t was destroyed so that fresh tissuves would be obtained

for slecteon wmicroscopy, transmission oxperiments and tlegue ealture work,

At the posiemoriem examination this was found to ba a typleal case of
advgnced muiticentrlce Iymphosarcoma, Flguros 56, 57, 58 and 58, AL of the
cacvease lymph nodes wewe involved and were moderately enlarged, a.g. the
subnandibular and vetropharyngeal lymph nodes each measured approximately

1.5 % 1.0 » 1.0 cm,

The maln macs was a grossly canlarged and cumified mesenteric node which
measurad 12 cm, long and 3 em. in dismebex. On geetion, there was total loss
of cortico-medullary differenciation and the entive node-was filled with a
highly celiulay, pale yellow, homogenocus ¢dssue, Many other Ilyuph nodes,
which are not normally prominent in €he mesentery, had hecome markedl& ans
larged., ALl the other abdominal Lymph nodes ware also eanlapged end visibly
invoived in the tumour process. The spleen wags prossly enlarpged ond extended
to the mid«line behind the uambllicus, and was of that deep redeblue colovy
often observed ia lywphosarecoma. I was 5 om, wide and 0.2 ce, a its
greatest width. On section the pulp wag dominated by grogely enlerged,

provyuading, yet discraete, Malpichisn hodies.




The Peyer's Patches throughout the small intestine weve enlavged and
prominent and 2 of them weve developing lunte gross tumonys; one lying 25 cm.
and the other 40 cw, from the ileowcolonic junction., The liver was very

paic dn colour, but presented wo wmacvoscopical evidence of tumour infillevation,

There was a spherical mass, measuring 2.5 cm. In diameter, on the site
of the opiginal thymus in the anterior mediastlnum and on seetion, this was
found to be compleiely composed of tumour Lisaue, %This may have been the
thymus or one of the aunkerior wmediastinal lymph nodes. The vest of the
bronchoe~nediaacinal nodes were alsy enlarvpged and tumified, ﬁoah tonslls
ware pale and iranslvcent and they had emerged from their crypts. The mavrow

wag pale pilnk, howmogenous and it Lilled all the sedullary cavitles.

Msiologically, all the Llymph wode sectione nwovealed the prencnce of
typleal lymphosareoma. The geneval avchitecture and cortico-medullary differ-
entiation had disappeared in most cases and the nodes weve packed with ualfori
shaets of extrepaly Immatuwre lymphold cells, Figures G0 and 81l. Ta a few
seciione, there was ptlll cvidence of medullary pege in the centre of the
noden , but they wvere filled with typical neoplastic cells, Scatiered here
and therae over the tumour cell sheets, woere fooi of wedium and small lympkow
cytes which weve thought to be vestighal follicles. Imfiliwatlon of the
capsule and the tissue outwith the nodes was 0ot a comsbani Feature. Tumour
focl were found eeattered throughout the lungs, especially in association
with the smaller blood vessels, Fipure 62, The Peyer's Patehes and the
small Incestinal Lumours were cheracteristic of lesions of lymphosarcoma of
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the alimentary walls, as obgevved in £1d1d casew. %The trabeculae off the
spleen were falvly well preserved in some aveas, bub in many others, bumouy
cells bad diffused o the exitent that the oviginal ved and vhite pulp conid
no longer be distinpulshed, Flaure 63, In other pavts, this was not s0 mavked
and grogsly enlavged Malpighian bodics, woderately well defined, could be
ohserved., Such focd were composad of ¢ightly packed twvwovr cells with similar
cells distributed lipgbitly in the adjacent ved pulp, The bone mevvow was
hyperplastic vith nunerous lunmature megalavyocytes as well has high nunbers

of cells which were in all vespects Zdontical o the tumour celis Ffound in

other sites, Figure G4,

The neoplastic cells ashowed sowme degree of pleomorphism and the mltotie
rata was high, A typileal cumour cell was vouad, oval, or polyhedeal 1n oukte
line, with a low cytoplasmie nucleay ratio. It had an openfaced uucleus aud
a very prowinent paile nucleoluz, The cell membrape was well defined and the
cytoplasm was pale; somowvhat polychromatophilic and falntly clouvdy, with an
ocecagional perimiciear halo., The cyLoplasm varied in amownt from scaaty to
moderate, The nuelevs wae yound ox ovaldyith a sharply defined nuclear membrane,
Ghromatin paviicies wore styung aleng a fine chromatin network throughout

the pala puclear sap and elightly lavger clivomatin blocks were wa¥ginated
or else adfiorent to the_naclaoli. hege tucleoli were uswally silugle, centwal
or excentwal in position, large, transluceni, amphophilic and vever obscured

by a chyromatin £ilm, Pigores 61 and 64,

Tissues fron thisg animal ware hovvested asaptically as govarag the kitten
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was dead and were placed in stevile honmey jaxs contalndng stevile N/10 2.B.8.
These tissues were subsgguently stozed in 50% glycevol and N/10 2.B.8. and
placed at eithew 40°C or else at » 70°C. Small smounts of the tissue were
retained at + 4°C for 26 hours and then used for the prepavation of tisaue

culiure wonolavers.

At the womeni of deatlh, tumour Lissues were slso prepared for examination

in the alectron micxoscopa.

Pogt-norten report on 19977731, This was the st kitten In the littew

to die and at the postemortem examination, the mesenteric lymph vode appeared
as 2 chain some 7 om, long and 2 em. in dlawmeter, Flgure 63, it was graeyich
yellow in colour and ouly it one or two parts could the compressed medulla

be digecerned. Both anierior asnd posterior o chis node, a chaln of lymph
avdeg, which would probably not have beewn wisible in v normal cab, were prosent,
Thege ware motiled pink and vhite and on section, were excessively cellular,
The nodes of the intewrnal iliac and parvaesoritic chain were also nedevately
enlarged and had the same appearance ag the wepsenteric node, The anteriox
asternal node waa similay, hut theve was no lavge masg In the anterior mediaw
stinum, The unuswal lyaph node: feakugres were alse abserved in the nodes of
the bead, The spleen was grossly enlarged and extended to the midilne, It
wag thickes than usual and lis surface was wmottled with millary dark red and
vhite spoite. On section, numerdus dorlk red infarctuiigg areas could be seen,

whilsi the Malpighian bodies werce excessively prominent.

Histologieally, the mesenteric node showed much replacement of the normal
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architecture with wmedium sized Iynphoeytes, Flguwe 66, Germinal centyes

weve present, bub they weve scanty and irvegular. Infiltration of the

capstule and exktension into the surrounding wmesentery was obsexved. The

madullia was consildevably encroached vpon by sheets of cells growlng down

from the cortex, The liver showed multiple small aveas of lymphocyte

acewnslations within the povtal friads, In the small intesiine, the Peyer's

Patehes wera abnormal eand penetrated laterally and wpwvards into the mucosa,

displacing and veplacing the cyypts. The lungs presented multdple small

lymphoeyte focl in the perdvasculary intersiia din some Flelds,

Postemortem repowt on 19377/12.

This was the last of tha 4 lulttens

to dle, and it was in extromely poor hodily condition at the time of death.

AlL of the carcase lymph nodes were slightly enlarged and many of them
were congested, Ipuph node agpregafes which are seldom obsevved, such ag
the cexvical chain and those within the vectel megentery, weve clearly

visible, Many of them were congested. The main mesenterio nodes measured

Lox 2% 1.5 om, Tk vas only slighily congested and the folliclea were

vigibile from without,

Only remnanits of the oviginal thymus were found in the antericr mediss
siinum,

The heart: gud lunrgs showed ne gross abnormalities. The pastrow

lotestinel canal was ewpby and the wells of the gmall intestine were thickensd

and’ the mucous membrane was thrown into folds, There were small haemorrhages

in the subswcosa., The walls of the lavpe intestine were algo thickenad and

cecasional petachial heemovrhages were observed throughoui ite enitlxe lenpth.
Thef




The liver was of 2 pale bronze colo;ﬁ. It wae fdvm on gectlon and not
unduly fviable. The spleen was not enlavged, buk 1t had that greyisgh red
colour which ig ofien associated with lynphosareoma, ©On sectiou, the
Malpighlan bodirs weve lhyperplastic and could be elearly identified. The
tonslls weve not abnormal. %he hone morwvow was deeply haemorrhagic through-

out all the warvou cavities., WMo other gross lesiong were chaewnved.

Histologically, there was some dogree of variation in the lyuph node
sections., In the nesenberie node, the cortex and mednlla remained guite
separate and theﬁe wag no sign of infilvration into the modulla, The most
noteable fealtuwe was the outey bovder of the covtex which was lmrgely ves
placed by cells of the lavge lymphoeyte and ilywphoblast types, Figuve 67.
These celles were pale and only faintily basophbilic and wmany exbibited a
promineni pale nveieolus., Germinal folliclies were only apparent in some
parts of the coritex., Oue of the submexiilary nodes was wnot abuormal, but
the other showad sweas of the covitexk where anaplaatic celle, not unlike
those found im 19377/10, were observed., The vetvophyngeal nodes presented
many arcas of lymphoblast shects containing no lymphoeyies. Such filelds
ware indistivgulshoble from lymphosarcoms, buk the anatomical arfangement
of the cories and wedulla pevsisted, Rerythvophagoeyiosis was very prominent
as wall as cougestion of the medulla, Owne of the prescapular lLywph nodes
was highly suggestive kn that wany areas of the cortex were veplaced almost
entirely by sheets of Lymphoblagts of varylng slzes. These cells all had
prominent, unsually alngle, mucicolid, This patiern has not been observed in
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the Iywph nodes of healthy cats., However, the cortex and medulla were again

clearily diffevenilated and theve wag no infiltvation of the cells outwith

the node. Marked cougestion and evythrophagocoyiosis wveve the outstanding

faatures of the nodes of the cervical chain.

Scattered foci of lymphoid celic were found in the antevior mediastinal
fat and these were thought to be vemnants of the forwer thymus,
The epleen presented a marked featwure fn the Malpighlan bodies., Sheets

and buds of lymphoblasts were found at the pewiphery of nany of the folliclen.

These aveas were guilte well defined and in gome follicles had almost replaced

ghe former follicular svchinedturve: Hilght Infiltration of blast cells into

the ved pulp wias apparently undetr wey, Figuve 68. The tonsiliar lymphoid

tisoue was not abnovmal, but the overlying epitheliuvm showsd soma degree of

hyperplasin,

Throughout the enkire length of the gastroeolntestinal trace there weve

catarvhal changss present. Dead neutrophils apd cellular debris had distendsd

mony of the glandulay evypis. Some of the lining glandulay epithelial cells

were less highly diffeventiated thas usual, These lesions were most mavked

along the terwmival portion of the swall Intestine, along the large Intestine

and the vectum, e the latter, there were haemorrhages into the lamina propria,

an increase In iymphold cells and occaosional focue of newtrophils., The epiihe

elium of the crypis in this reglon centained mapy rather enaplastic cells,

However, thore were no changes which indicated thet lymphosarcoma wae developing

here, In the merwoew, there vera many cells yesembling those found in the marrou




of 19377710, dncluding smuliinucleated fmmature megakaryocyies and alse lawge
single nucleated celis wlih very prominent nuglepli vand chrowmatin pavticles
condensed onte shawply outlined nuclear membranes., Cells of the srythrold
and myeloid sexriles weve less prominent than dn the booe mawrow of healihy

animals,

The Fine Btructure of the Tumouwr Cells frowm 19377/10.

Small picces of tigssue from the mesenteric mass, hhe spleen and the
Uehymic" mass weve prepaved for cwemfunation iu the electvon miecroscops,
Portions of tissue, approximapely 2 mm, In diameter, were chopped up and
fixed in s 1% solutiop of ”Keét&rq&iﬁt” igotonic buffered csmiun tebrowxide
{Glavext, 1961} at +408 for 45 minuves. The tissues were then waghed 8
fimes in disiilled waier befove being debydeaied in aseending grades of
aleohol, They were placed in 70% aleohol for 1D minutes, for a further 15
winutes in 904 aleohol and then placed in absolute alecebol, Fhe absoluie
alechol was changed after 15 minvtes, After a furvher 15 minuvies, the tigoues
were eubedded In prepol&merised methacrylate (Borysko and Sapranavskas, 1834),
Ulerathin oecklong were cut on a Combridge Yitramicrotome and wounted on
"Pormvar® covered grids and stained with lead (Millonig, 1961} and wranyl

acetate (Watamm, 1958),

Tn low powered electron photomicrographs, the tuwmouy cells bore g wmarked
resemblance Lo those obderved in the Light microscope under oil, Flgure 68,
The main cell wype dn the nesenteric Iyuph unode had a large mucleus with
marginated chromabln and a large distinct dense nueleolus. The nucleus £11led
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wodt of the cell and In the cytoplaswm of many cells, there was a highly
vegiculated aves, This vegion was only observed In a proportdon of cells

in any oune section and 1t was within such wesicles, thal vivus~like particles
were found. These pavidcles weve enclosed within the wesileles, often in
groups and were not apparently free in the aytoplasn or in the intevcellulan

BDRCEE .

The pereicles consisted of an elecivon dense nucleoid enclosed in a
densely stalned double nambrane, The oufex dismeber of the nucleold measured

appronimately 60mpand the full particle weasured around 10Cmy,Pigure 70.

Yizus-tike Partielos in Monolavers from 19377/10,

Tissue culture monolayers weve establighed by trypsinising chopped up
poriions of the fresh wmeseuteric tumouz mass wniil the cellsz were sufficiently
dispersed for them to be made intoe a suspension, centrifuged and then row
sugpended in a nutvient mediuwn; Dagle's mediunm plus 0% calf serum and L0%
tryptose phosphate broth was used. The cell suspension was then transferrved
inko 4 om. gkavila bottles, gaesed with G02 and placed {n an incubator, The
cells weve examined daily with an lnverted microscope to determine i£ they
wera settling mnto the glass and mwuliiplying, When a confivent cell sheet
was almost costablishedy the cells swve again ivypsinised md vecuspended in
nutrient medium. The suspension was divided and used to seed fvesh sievile

4 oz, hottles,
At the second pasgage, when Lhe cells had baen cultured for approximatgly

one monith, they were scraped fyom the glass, centrifuged lightly and prepared
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for the electron wicvoscape as descyibed above. Iarge nuwwbers of virus-iike
particles, identical to those found In gechions fzoam the actugl fumoux nass,
geve seen in the cultuved cells. “he cell membranes wevs not intact and the
cells appeaved to be diprupted,

The monulayers soon bagan Lo show some evidence of call death and shoxtly

afterwards, the menolayers in all of the bottles became fibrohliastle and
diad off.
Subsequent and repeated allempis to vecover viable tumovy cells from the
o 4 P . - o 0 -
tumour tissves which had been stored at +40°C and «70 C wexe made, but it wag

not found possible to grow wonolayers from the stored watevial,
BXPEREMENT 340,

This was a further initiation enpeniment in which material from a different

field case of lyvmphosarcoma in a cat was inoculated ifnto newborn kittens.

Makerials aund Methods,

The inoculum was prepaved from tomour tissuve derived asepiically firom
eat number 17457, which wan a multdcentrie and thymic case of sponbancouvs
Iymphosarcoma, ¥art of an affected parva~aortic lymph node was processed
exactly as in the previcus expevimeni, except that the supernatant wasg
thawed at 37°C and then ve-fromen at ~40°C one week bafora the incculuom was

Firne used,

Seven kittens from 3 litters were injected with 0.5 wml. of the suporw
natani subcutaneously over the wibs, Routlne elinical and hLaematological

examinations were caryled out as in ewperiment one.




The Qlinlcal Windings,

The kittens weve uwuwbeved V745774, f2, 3, /4, 5, /16 and f7. Up to
the time they were 18 wonths of age, the kiittens were in good health and
copddiiion, AL this time, kicten 2 developed pélpable enlavgaments of iis
suparficiel lymph nodes and a biopsy of the wight prescspular lyuph node
was carvied out, The node wmeasured 2.0 x 0,75 x 0.75 cn, Tour weeks after
this operaiion, a slullay wags had veformed at the site of the blopsy, although
theve had been no post-operatlve sequelas. Around the 22nd month of life,
dinvrhoea developed and thereafter this cat lost condition. Ope wovih later,

euthanasia was cozvled oul because the aniwal was dyiug. It was 23 wonitha oldy

The superficial Lymph nodes of cak 1 were found o bhe promiuent soon
afiter this. %here wae evidence of a palpable mess in the mid-abdomen and
the spleen was alse palpable, Duving the following weeks, vomiting started
and increasad in frequency. The aninmal stopped eating and becawme dull apd
dehydrated, Aatibiotie and #inid therapy falled to avrest the decliine and

the anlwal diod at the age of 29 months,

iat 5§ had been in good health wniil shortly before cat 1 diad when it
developed mild vpper respiratory sympicms, These were relieved followlug
a course of anti-blotice. However, this cat gradvally lost condition and
at the age of 43 monihs, became dull and anorexic with a palpable mass, which
could be readily identified,in the mid-abdomen. The cal wap destroved at

this ctage,

The vemalning cats, 1745743, f4, 76 and [7,ave geill fit and well in
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July, 1965, althoupgh they show =& mild diseasa of the upper vespivatory system
which 18 ecyelical in nature, This does not interfeve with appeilie or bodily

condition,

Fhe Haewatolopleal Findings.

Inm none of vthe cava in this experinent was anesemia fomnd as indiecated
by the P.0.V, and total exythrocyte counts, MNormoblasis were found in the
peripheral blood of cat 1 on two oceasions during the final 5 mooths of
i1fe, These cells were also observed in blood Lilms from cat 2 on & occasions,
in two of which they vepresented wmore than 3% of the mucleated ealls of the

fitm., Movmobiasts have beean absent from the blood fiilms of the ather animals,

True levkaemias hap not developed and sipmifilcant vises in the total
lawcopyte counts bave not been common, Howevey, in cab 2 theve was an
absolute lymphoeytosis on 5 cccazions, bub this gcewrred in an early phase
of the experiment. The final leuecoeyie count in this cat showed a neutrow
philia, Although cat 1 did not ever bave an absolute leucoeyiosis, 1t 4id
vegister an absolute lymphocytosis of 22,000/cu.um. on one goepsion about
22 months before it died. OCat 5 never had sn absolute Iymphocytosis, but
khere was neutrophilia on the day of doath, The west of the aninals in

the experiment have not shown grose chaunges in their leucocyte pictuves,

The Pathological Windlines.

The postemorten report on cat 17457/1. This cat was in poor bodily

condivilon at the time of death. There was no food present in the stomach.
Apart frowm soms thickening of the walls of the intestines no other gross
macrogcopical lesions were obseyved in the carpase, The marrow cavities were

completoly £i13ed with o red cellular ¢lusue,



Ristologically, the only lesion of dwmpovtance was a well developad
chronle enbevitls. Many of the glandg of the mucous wembrane showed thinning
of the eplthelivm and bloeking of the cxypis by debris and dead cells. Other
glands showed blzavee hyperplasia. The ©atio batween the lamina propria.and
glands was disturbed, theve being many morve gells than normal in the lamina
propiia,  These comprised aciive macrophages and cells of both the Iyuphoid
and plasma cell sewies, Theve weve, in addition, lipes of Iufllkyaiion of
lymphoeyies into the submiwcosa, This did not appesr o be ILymphosavcomsious.
“he associated Lywmph nodee showed no encveachmens by the cortex into the
wadulla, However, the cortleal folliculay patiern was abscured and the praw
dominant cell was a wature lymphoeyte. o abnormality of the spleen was found,
The beone marrow it sections was laceslilke with well developad foei of evxythroid
and myelold activity., A few wodevaiely well differentiated mepakeryocyies

weyre plegent,

Twvmph node biopsy SQOm 17457[2. This node measured 2.0 2 0,75 x 0.75 cm.
On section it was wiite, celiular and bulglng. There was a évace of pilvk

cortex ventwally and a gwall central axsa of medulla wis still apparveat.

Higtologically, there wag only sllght loss in typieal architecture and
tha ecortico-medullazy differentiation was preserved, alitbough the junctiouns
between cortex and wedulla were poorly defined and the cortice-medulloxy ratie
way much kigher than lu a normal superficial lymph node of the cat, The
capsule, krabsculas apd extrawcapsular areds were well defined and intact.

In the cortex, therewere moderate condensation of the follicles and an

absence/
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absenee of germingl contres. The follicles were suvrounded by masses of
relatively unidform lysphold celis of a wmaiure type, but less differentiated
than those within the follicles: ‘Ihese cell streams had f£locoded the sub;
ecapouiar and cortical sinuses and towards oune pole, this was periicularly
obvicus, Heve, the coviical sinuses were packed zmnd distende” with cells
which were stveaming dowm into the medylla to €lood the medullary sinuses.
Bowever, the nedellary peps were fnioct and they contained a typical cell

population., The rate of mitosis waried,
Here and there within the cell sheets, weve wuite large blast-like cells
with very bold nucleoli. 8uch cells can be obgsevved on occasions in the

nodes of healithy cats, but they were much more numercus in thils section,

eapecially towards the tovtleow-medullary junctions,

gost-mortem wepoct on eat 12457/2. This cat was in very poor bodily

conditlon at the time of death and the cavecase was pale. In the thoracie
cayity, there war a aswmall amount of eleay £luid and discrete, swall, glistening,
vound o steliate, slightily raised nodules up te 0.6 cm, in dlameler were

found over the entive pleura, both the viseceral and pavietal pavis, The

lung fields, heart smuscle and thoracic lymgh wodes were not affecied wmacro-

gscopleally.

Bimilar, althbouph smalier, nodules were observed on the parietal and
visceral paritonaum, especially on the mesentery and the omentum. The liver
was Llght brown with rounded edges, It oo was coveved with multiple small

nodules, f




nodules, The kidpeys presanted a few subeapsular cream-coloured foeld vhich
were alipghitly raised, but wot adherent to the capsoles. The apleen neasured
10,9 % 3.0 = 0.5 cm, Tt was pale piok and on sectlon, there was hyperplasia
of the Malpighian bodies., The alimentavy traet was not grosaly alteved except
v the zepion of he ileo-coloude junciion, wheve thexe was 8 marked increase
In the thiclkness of cthe wall of the intestine to fori a well defined mass,
measuring approzimately 5.0 cm. leng and 2.5 om. in diameter, On section, the
lumen of the intestine was Found to be pateunt, but moch narrower in diamster

than wvsual,

the superficdial Lymph nodas were promivent and enlawged to rather more
than twice their normal size. The mesentenic vode was modevarely enlapped,
heing 5.5 x 1.5 w 1,5 ems The cepvical lwaph node chain was prominent, althongh
only the posterlior cervical nodes would have been palpable in 1ife, Sections
of these nodes vevesled an lncrease in kbhe velative widihs of the ecortices

which were highly cellulai, pale straw coloured and bulging.

The femoral marvow was pale ved, homogenous and it £illed the wedullary

caviiies;

Histologleally, the intestinal mase was composed of gherts of blastellke
lynphold cells vhich had grossly distended ihe subaucosa, Figure 71 ond
spread inte the mucous membiane, causing warked distortion and destyuction
of the glandvlar elements, In one or two aveas there were sheats of gells
Indistinguishable from reticnlosendothelial cells. The rates of mitosis
were moderate, The adjacent muscle layers off the wmase were not infilltrated

Lo any extent,




The apall nodules on the pleura, peritoocum and liver were composed
of foci of mesenchymal exlls showing some depree of pleomorphism and a low
mitotie rate. Yhe swperficial focl on the kidneys waxe Iymphoid. The livew
and kidneyg, apari from those superficial focl, were not otbhermlse affectad,

Seviions of the lywph nodes showved fairly morked retileulo~endotbelial
hyperplasia, especially within the sinuses. There was reduction in the
follicular pattern and only a fev garminval conives were vnoted. Zhese cone
talued higher amouats of retleulo-endothellal aid dblast cells thao usual,
The nodes were somevhat blurred in appearance by streams of Lywphoid cells,
ofiten with a high veticulo-endotheiial component, which were Fflooding the
subcapsular and cowtical sinuses and flowing into the medullary sinuses,
Wigura 72, The medullavy peps weve still falwvly Intact. The Malpighian
bodies in the spleen were distended and comprised of vnilfowm lmmattre Lymphoid
cells, The covpusclasg were well defined, but thevre was evidence of infile
tratlon of the fswature lypaphold calls lnito £he ved pulp, The bone warvow
showed sipgns of hyperplagia apd there were layrge nuchers of Jomabture megos-
karyocytes pyesent, some af which contained phagoevevsed neutyophiis.

Samples of tisswe fron the pleura, pevitoncum, iyvoph nodes and ziimentary
tract wave submitted o the Depariment of Basterioclogy at Ruchill Hospital,
Glasgow. A detalled investlpation wag carvied out theve, bui this material

failed to weveal the presence of agcid-Ffast baeilli.

Postemonten examingtlon of 17457/3. This cat wes in poor bodily con

dition at the tine of death. There was no food 1n the stomach or small

intentine, but theve was some evidence of scanty faeces in the berminal

porilon of the large intestine,
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G opening the abdoninal cavity, a small quantity of intestinal conitants
was found. Thin had escaped frow a penetratiag ulcer in the wall of the lavge
intestine close to the lleo-colonic valve., The terminal 2 cm. of the Lleum
and the Flrst 6 em. of the colon were ballooned and pather thin-swalled and
cgpecially in the dmediate area of ihe ilevecolondc jnnctiém, thare wexe
geveral frauk uleceve of the mucove mewmbrane, The associated lymph nodes were
enfarged and appearved reactive. Howevey, the main mesenteric Lymph node was
nodevately enlarged and appearved to be tumifled, It was rewmoved ag asepticaglly
as possible wnder the circumstances and after being well washed in stevile

P.Bu8., was sectloned., The tissue within was iypileal of lymphosarcoma

No gross lesiong were found elsevhere throughout the body, hut the

marrow wee distincily hyperplastic,

The yicerative legions of the mucous membrane of the eolon wore caused
by streams of destructive, partially undifferentiated Iymphoid cells, which
wera streaming from the submucosal iymphoid centres to disvupt the lamina
propria and to #lood and digtend the inter-glandular npaces and then destroy
the gsupepficlal epivheiiom and plondulay olements. These lezions were new
lativaly diserete and the muwcoun wmembrane and suboucosa oun elibher side was
free from wndue sellulavity., This highly abnovmal pletuve was indicative

af Iymphosarcoma.

SUBSEOUENY ERUERIMENES,

A fopther lovge mwber of newborn kiktens Have now been inoculated with

preparations of tomour Cissues from several fleld cases of fellne Llymphosarvcoma

duicingf
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during the last 24 months., The wajority of these anilmals ave less than 10
months of oge aad noua has shown ewldence of clindcal lywphosarcoma to date.
Oue of the kittens, walch was injactﬁﬂiwith a preparation similsw to the ome
vsed in experiment 1 and from the same source, showed some evidencas of changes
in ivs iywph neodos ab death which indicated an ezrly stage of ths dinecass,

Ry

Figures 73 and 24,

Tour othen kittens from 2 lltters, which were inoculated with preparations
from the tumour tlscues of experimental cat 19377/10, have died and shown
histologleal evidence which is not incompatible with a diagnosls of lymphom
garecoma, OCue of the kittens died at the age of 2 monchs with oxtreme anaemia,
ALY of its warrow cavities were £illed wich a pale stvaw coloured and highly
pellalar clssve which was eompozed of sheets of cells contaluning large mumbevs
of lvophoblasta and sten cells, Figures ¥5 and 76. Another member of the
same litter died at the age of 16 months from multiple wiliazy acobe abscesses
in the liver. ©The splieen was free fxom sigus of infection, bul the spleundc
foliicles ware pale and hypoyplastic, Hlstologically, they contalped lavpe
numbers of rvelatively unlform blastelike cells, Figures 77, 79 and 79, This
follleular pattern is in girilking contrvast o grdinary reactive Malpighian
corpuscles which often have secondavy centzes conteining all types of lymphoid
cells together with wacrophapes and stewm cellz, Particles similar to those
obsexved in the tigsues of 10377/10, the dowmor caf, were found iu the spleen

of this kitten vhen cells were examined in the electyon mlcroscope.

Prom another iltter in the sowe experiment; one kitten died at the age

off
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of 2 months with peneyalised woderate lymphadenopathy and marked hyperplasia
of the bone marrvow., In impriﬁt: gmears of the marrow, large numbers of
fmature ecells with lavge, pale, prominent and single nueleoli were obgerved,
These cells were sindlar to ilyephoolasts. There was little evidence of epy=
thropolesis and neutrophile and thelr precuvsovs were virtually absent. A
funther kitten from this litter, which died at the age of 16 months, vas

found o have hyperplasia of the Malpighian corpuccles, Figuve 80.

A feature of the andmals In those experimente has been the presence of
normoblasts in the peripheral blood., These cells aave been obgerved in high
numbars, but it 1 eidll too esarly to caotablish a correlation between this

phenowenon and the development of expevimental lymphosarooms.

No sigud of Eperythrozoar felis have been found in the blood Fllme of
any of the cats in the experimental cattery, Pooled blosd frow two proups
of experimental cats, which whs injected subcutancously into disease free
splenectomised cate approximately 4 days after removal of the spleen, failed

to dnduce this form of parasitic anaemlsa.
DISCUSBTON,

The findings in axperimegt_l. may indleate the transmiseion of a sponw

taneous multicentrie lywphosarcoma, though 1i is impossible to be completely
sure that the inoculun did n9t contain a few living cells vhich survived
freeaing and homogenieaticn.‘ Filtration and high epeed centrifugation were
not vsed in this iniltial experiment as it was thought thai they mnight deecxsase

the titre of any ilafective agent vhich might be present. Mo twmours developed

at/
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at the sites of inocculation and the vegiowal lywph nodes did not differ
either 1n spead of enlarpgement or im size from the cther nodes., No re-
laticuship was kuown or likely betwaen the dopnor cat and the recipilant
Rittens, The patieyn of the disease produced was identical to that neen
in many f£ileld cases, i.e, multicentric lymphoid neoplasia with the largest
tumouy mass present in che main mesenterle node, Tt will be vecalled that
2 common lesion cofplexes in the eai arve one in vhich the largest tumouy
mase is in the mesenteric lymph node and one in which the largest mags ldes
in the anterilor wediastinum, possibly originating in the thyws. It is
intevesting vthat the gource material in the experinent was derived ficom a
case with a "ehymlc” wass, but the main lesions iu the reclplents were

magenteric.

It was wnfortupate that the fivet two cases, 19377/L1 and /9, died during
the course of tha experiment befove ihey developed an obviously f£atal lymphow
sarcoma., However, the lesioms indicated that lymphosawvcoma wes woderately
well developed ai ﬁ&a time of death, The evxythrophagocytosis and hepato-
cellulay hyperplasia which was obsexved may be part of the gyudrome ox may
repregent some othay disease process as yet unrvecogaised in the cat and which

does not corvaspond o any known condlilon,

Gac 19377710 vhich chowed the advanced lesions was clinically similar
to the othere except in the £inal wonth beforve dealh, vhen it developed a

marked cnlargement of the mesenterie lymph node,

The neoplastic cell was of the stem cell type and 1t wag possible that

the/
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the final vapld deterioration in cat 19377/10 was cauged by the sudden prow
liferation of this eell type in which the virus«like particles were found,
Thexe was, of couvse, no evidence of auy actlologlcal yalatioanship between
the ohserved particles and the tumouwy. Nowewex, it can be sccepted that
these particles were associaved with the neoplastic cells and that the
eimilazity in fine structure belween these pavticles and the vivuwses of the
muring leukecmies is striking (Dalton, 1962), No partilcles were obsarved
in the lywph nodes of 14 spparently normsl cats which were examined in the

eleckvon microscope.

The presence of nowmoblasgis in the pevipheral blood of a non-anaewic
ecat is not uvnugval vhere there ig evidence of morked hyperplasia of the
bone marrow ageociated wlth a leucocytosis, but it ls exceptional to find

these cells in bleod £ilwns where the bhaemograwn iz otherwise normal,

There was conslderable wvarilation in the moxphology of the lymphoid
cells dn the €£ilws, but no indlcations that leuvkaemia was present on was

daeveloping.

Ian gxperiment 2, the cause of deakh in cat L7457/1 was presumably chronic

entexitis, The bhlopsy of the prescapular lymph nodes of 1745772 presenied
certaia features which were highly suspicious of the prosence of early
lyaphosarcoma, but g firm diagnosiz was not possible, In this cai, the
disease which was dincovered at the postemortem csxamination was not one
which has heen recorded in the cat wnder field condiiions, It appeared to
be a twaour gomposed of focl and sheets of lLymphoblasts as well ag foci of

mesenchymal colle.
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Tt hoe beon observed dn expewiaental fovl aod wurdine lewbwendes that
che caveal Qoente ove cepable of praducing strilkingly dlffevent twpos of -
tunowy according to the cxpevivental conditions fupostd, @.f. potohpoivosis
fo the foul i é*som@&uied in mony anpevimcnts by a high ivcidenes of vophiow
blastones (Wiln*s tueours) which appear o be inspived by the sowe vives
vhilon rosulis dn onteopatvosis o mont caseg, aAgaln, thyanectouised day ola
wiee develop wyelold leshdends vhon they ave inoculoted with o wisus which
causes typical Ipmbatic leuwkeanla in nonsthymectonised ond shapethyscetonised

day~old mice of ¢he same doogends stwain, Gross (1961).

Indtdation expurinonie vith preparetilons fron spontaneocus busmur tlgsuop
frowm £1814 coses of lyephosoreenn dn ihe wab whieh lead ¢ weliprant disvoses

of quike uwneypoceed chargacken dre rpossibiliivies vhileh nmust be yovogulsad,

The intesbinal wivors in cat 372257/785 wore typlesl of cavly lywphosareosa,
v dp lateresting o note thot Uhese Jesions wove developing ou the sone glte

as the lutesbinsl tenotw maoss fn cad 2,

The lavent povded of dot 5 maboes 3t gulte popsible thay othoy cats in
thin cxpovinent aay yet dovelop lynphosavcomns and oo this aspevinent will

continue, 1€ nosegsnsy, for sovaral mora yoors,

It iop as yef, ton eaviy v the project ¢o be corvain £hat tho higtos
logleal chopges du the opleon axe the poimavy stagee in the developwmont of
the dicease in the pessage cupowvimenis, ueing preparotieons fvom the supovimental
eage, IQUP7L10. FHowavey, these changes ave abnormal and they do rescsblo, oo

aomat




some extent, leslons in this ovgan which ave known to be associasted with
lymphosareoma In naturally oceurving cases in cats, Xn one of the kittews,
the presence of particles which were aimilar to those found In association
with 19377710, may well prove to be apother important obseyvation in this
vesearch programue, Theve is also little doubt that the kitten whose mawrow
contained high numbers of bDlast and stem cells did die from a disease which

e dndistinguishable from lymphesarcons.

The vesults of the experiments are certainly far from discouvaging for
there is now some avidence that the diseage has been transmitted from opon=-
tancous cases to experimental animals on two occasions. Thexe ig also some
avidence that tissues rvecovered frowm one of the experimenial cate have heen
uged to induce early lymphosareoma in ofher experimenisz, A wirus-iike particle
has been obasewved in association with tumour cells in 2 cate and the particle

was ldentical to one kuoun to cause loukaemia in mice.

It took around 25 yeaws of intensive studies and the production of isopenic
stralus of miece before the viral hypoﬂh@sis of the aetiology of leukaemla in
mice was proved beyond doubt by Gross {1951). It would, thervefore, be
surprieing 1£ 1t was found to be a sluple watier to iransmit lymphosavcoma
from one cat te another, since the problems ave probably fan greater. For

one thing, it is not possible to establish isogenic strains of cats at present.

Further progrese in the cat studies will concinue o be alow unéil
reasonable quantitics of tumour tissue can be induced to grow under expevimental
conditions. DModexn techuiques in Virology ave at a stage when, onece this was

possiblae, the problems of leuksemia in the cat might well be solved within a

wvery short time.
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In those cats 4n which tymphooarcoma was found o suspented, there was
an vpusual hacwatological piloture. Qiveculating normeoblasits were cbsexved in
varying numbers, but not in assoclation with a fravk anaenia, It wmay well
be that thls wes a well compensated boemolyidic anaemla, but no wmavked depogites
of haemosiderin in the tissues wae found at the postemortem examlnations.
G -the othex band, cilrenlating normoblasts ave frequently found in the none
anaecnic dog sufforing from multicontric lynphosarcoma, This wmight prove to

ke a mild lenkaemic responge in the erxyvehrold cell series in both spesies.

There were twe valuable clinical observations made in chese experiments.
Myetly, thexe was the sudden development <f a large tumour mase in the
abdomen of kitten 19377/10 together with the rapid deterioration in the
andmal’s genaral conditcion, This was a dvamatic change ovew a perilod of &
weeks, and indicaited that the obmervatigmne by many owners that this disesse
ic sudden in onget may prove to be gocurate. Secondly, a wost chawacteristic
syndeome was observed in some of the later kittens. They lost condition
glowly over an intexval of some weeks to becowme markedly emaciated. Ia
the United Kingdom, thies is a most vare syndrome te find in young cats which

are free from a very heavy burden of internal parvasites.




EART  THREE.

TR CALIDRATION OF AN BLUCTRONIC PARTICLE COUNTER FOR TOTAL

ERVIHROCYTE AND TOTAL LBUCOCYTE GOUNIS OF CAT BLOOD.
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INERODUGTION,

During the last decade,; elecirvonic particle counters have been deviged
which are capable of covating small particles suspended in a £luid medium,
In nomparisen o the traditional methods of estimating the concentration oF
pavticles per unlt volume, the electvonlie wmethod offers cexéain advantages.
it je rvapld and accurate and demands the winlmun of technical skill, Iun
addition, since very lovpe numbers of pavtilcles can be counted pex estimation,

It leads to s very mavked reduction in the £1&1d ewprov.

Blectronic counters have been descxribed and calibrated for huwan erythro-
cytes by Brecher ot al (1956}, for hwman leucocytes by Richer & Breakell (1959)
and for the erythrocyten of the plg, osheep and catile by Weilde et al (1962).

No reporis have been published on the blood eells of the cat.

An electronie particle counter wes evaluated as pave of a programme o
ascerialn if haewatological markers were prepent in the blood of cases of

expayinental lywphosarcoma in the cak.

IHE PRINCIPLES OF AN FIUCTRONIC PARTICLS COUNTUR,

An electronie paviticle counter is an instrument degigned to record
changee in resistance to a steady electric current wvhich passes hetween two
plativum electiodes imuersed in an elecﬁrmlg% solution. The sole pathway
for this curvent i through a swall openlug nlaced in a solid glass bavrier
botween the eleetrodes. Ac a suspension of poor conducting particles, such
ags bigod cells, in a pood conducting #luid wmedium passes at a steady vate

through/




through the orifice, an intermititent change in resistance to the current
develeps whenever one of the particles nepgotiates the aperture. The voltage
pulse whieh 13 produced is divecily preporiional both to the yolune of the
particle and the curvent., A particle which is twice the volume of lts
neighbour will cause twice the voltage change, and halving the currvent will
laad te a 50% £all in the voltage pulse for the same particla., All paweicles,
including ewall pagrticulate material in the suspension, produce volbage
chianges of varying gizes as they pass through the orifice, and thus a threshe
hold tas o be determined to distinguish those partiecles which are o be

inciuded in the actual couwnt from backpround debris which has to be screened off,

LHE COULTER GOUNTER, MODEL "D,

This instrument ves desipuned specifically for total eryihrogyte and total
lovcoeyte counte of human blood. The diamctex of the spertuge is 100 u.
Thie must be not legs than & - H times the maxinum diameter of the pavticles
to be counted, In thizs instrument & is possible to pre-set a threshoeld for
both the red cells and the white eells of the blood, The counis are vegistered
on a decade coumnger and the voltage pulses can be observed on an oscilloescope
goyeen., OCell suspenslons in a beaker ave mounted on a spring platform below
the orifice tube., The actmal ovifice and the external electwvode must both

be dumersad completely in the suspension of particles at every count,

During opeyationa; there are certailn observations which epable a trained
techoielan to judge the accuraecy of a glvenr count. Probably the most important
irdication of acouracy ig given by the charaeteristie cadence of the lunstrument.

28/
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if chis alters in toune oy gpesd then the couni is being interrupted fop gsoma
reagon, Another dundleator is the pattern of voltage pulses on the oscillosecope
pereen. Incermuptions of the count o abpommal particles in the suspenslons
ave reedily recopniged on this seresns Blockages of the orifice may ba total
ou invomplete and thiz canm be chliesked divectly by means of a mioroscope which
caﬁ he focuged on to the aperiwre. The mean interval of a count iz roughly

20 seconds, If this perlod lengthens, the acouracy of the count ip questions
able. Winally, since it takes only a matter of seconds for an individual
eount, veplicate counis fvom the sowe suspension may be employed fo estlmate

S0CRLACY .
MANUFAGTUARRS INSTRUCTIONS.

An electrolyte solution, cither salime or phosphate buffewed saline
(P.B.04), io fllrevad through a 5" diametev gintered glasg £ilter o engure
2 background count which 1s not much greatew than 200+250, Any substantially

higher count must be pubtracted from the total blood cell count,

Two samples of 20 ml, filtered P.B.5. ave placed into twoe suitable beakers,

0,04 ml, of well mized blood is dramm imto a pipette vhich iz then cavefully
wiped clean. The tip of the pipette is placed into the soluticon in the first
beaker and the blood is slowly blown towarde the bhotiom. The plpetta is

then gently washed out with the clear solution at the top, The beaker ig
ptoppered and the suaspension thovoughly mixed by gentle agiltation to produce

a L1500 dilution of the orviginal bleod (Btvdietly 1:501), 0,2 nl. of this
suspension ie withdvawn and trannferved to the second beaker and a similar

techalque ls employed to crsate a 1:30,000 dilution,
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To cavyy oul a total leucoeyie count, 0.2 ml. of a 2% sapoaln golution
is added to the L4500 suspension. Hpeclally purified and tested aaponin is
pupplied for thie purpose by the wagufacturer and this wvesuvlts in hacmolysis
of the eryihroeyies in the suspension without lmwedlate damage to the white
calig, After approximately 10 wminutes, the red cell debris has beecome very
finely dividad and the count can be cavxiled out, The beaker ilo now gently
agltated to ensure complote wnilformity of the suspension, but cave wwat be
taken to ensuve thai undue froth does not develop which would produce false
high counts, The count can now be carvied cut at the approprilate ithraeshold
getting, The actual result on the decade covnter is the equivalent ofs the
mamber of letcoeyteds per cubic millimetwe, sinee the lnstrument counts 0.5 ml.
= 500 cu,mm. of a 11500 dilution. The baskpround electrolyte count muyst be

subkyacted from this result 1€ 4¢ is high euough to influence the total count.

Frythrocyte counts ave carvied out at the appropriate instrument setilngs.
with the 1350,000 dilution. Hoth red and white cells ave prasent inm this
suspansion, but tle white c2lls can ba ignoved wnless Ghe total leueoeyte
count is high and willl influence the total evyihrooyte coﬁﬁt. Again, the
background couni nust ba determined to ensure that it does not alzo influence
the cell counik. Any subtiactions for these veasons should be carried out
after the red cell count has been adjusted for colncldence lose (see below},

but before the wesult ds multiplied by 160 to covgect for the factor of dilution,

COTNGIDENGE 1035,

As the number of particles traveraing the orifice per 0.3 mi. alidquot

visea,f




rigea, a point is reached where the instrument oecasionally records only one
cell when two o move pass thyough the orifice simultancousty. This results
in a decade counter reading which is lower than the true muwmbaer of cells which
passed through., These cell groups occur in samples of 2, 3, & and 5o on in

a Poisson distribution., Charte ave provided by the wanufaeturers giving
corrected counts above 10,000 on the decade counter. Thia meane that almost

every total erythrocyte count must be gorrceted as well as all leuwcocyte

counts over 10,000,

THE TACTORS OF IMPORTANCE 1IN CALIDRATING AW BLECTIRONIC COUNTER.

The makers® dngtwuctions are baged on studies of human blood cells and it
13 necessary to ensure thar the instrument is also accurate Zor blood cell

counts on spacies waose blood cells are not identical in volume,

Five factors have o be considered when calibrating the instrvwent, 1)
the apparvatus itpelf should be precise cnough to ensure repeatabiliiy of
counts from the same suspension, 2) optiwal aperture currents and threcholds
must be apeavtained for the blood celis of the speeles under study, 3) the
alectronie wethod must be compared with an established method, 4} the '
Instroment must be shown to be rellable and 3) the apparatug should be

accurate over a predicted range.

CALIBRATION EXPERIMENTS FOR TOTAL ERYTHROCYTE GOUNTS,

EXPERIMENT 1.

The Repeatability of the Instipmoni.

Thic was & preliminaxy«test o find out 1f the instrument was able to

record consistant counts from the same suspension of particles cmploying the

maker s/
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maker's estimabions vegavding sperture current and threeheld settiungs for

Feline blood cells.

Makorials and metheds. The site of venepuvcture was one of the supere

fielal ear veins which Iied along the external horvder of the piluna of the ear
of the cat, The hair over a vein was carefully shaved with a vy pagor blade
and the site wos thoroughly cleaned with absolute aleohol avd allowed ko dyvy,
bafore g small tvansverse section was wade through the raised wvein, Onece the
bieod was flowing freely and thils mlght have taken 30-60 seconds, the veln

was compressed agaln to ensure a continuing flow. Thivteen cais were bled

in thils foshion and In each case, a 1:500 diluvcion of blood in P.B.8, was
prepared with a 0,04 nl. pipeite and 20 ml. P.B.8, with a hoowa low background
count, From overy 1:500 cuspension, 0.2 ml. was tyansferred intu 20 wi,

®,B.8. to wmake a £insl dilutiom of 1:150,000,

Bach of the 13 suspensions wos cownted in the instrumeni G times, a total
of 79 sepavate couwnis. The flvet 3 counts from cach sample were carried out in
specesslon and 1o o serdes from cat 1 to cat 13, The vemaining counts, 39

in all, were performad in random ovder.

Bepules and domelusiong.

Table 72 gilves the & counts pex gomple, the means and the coefflcients
of vapiation, The ¥ varied firom 0.61% vo 2.04%, indicating thai the loe
strunent showed enough precision Lo merit a move detalled calibration., ¥rom
these resulis there was no evidence that marked differences were found

betwoen successive counts and those whieh were cartied out in random ovrder,
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TABLE 72,

faperinent 1: Replicate Total Reytheoovie Gounte of Dlood firom

Different Gata o Tllustrats the Bepeatabllity of the Inctrvment,

6
Replicate counts. x 10

et 2nd 3rd 4th 5th 6th Moan 8.0, G.V,

Gat 1 8.69 8.66 8,7F £.60 8,58 8.59 8,66 Xk 0.0557  0.84
4 7.39 7.3 7.36 7.2¢ 723 1.31 7.32 % 0,0781 1.07

3 so 19 8‘29 8525 53'3.0 8'05 8.@0 8. 1'5 ﬂ: Oq 11[{‘9 1!4‘1
l!' 7-81 7.81 7081 ?a?y 7062 7;67 7;75 :t 0908’31 1Q0?
5 9.87  9.92 9.%0 £.77 9.7 9,8 9,86 % 0,0%06 0,92

& 6.49 8.62 8.52 8.49 8.43 8.3% 8,50 % 0.0742 0,87
707,23 7.8 7.1 7.0 7.6 V.15 7,16k 0,05745 0.80
8 8.66 2,77 8.79 8.44 B.36 8,66 8,61 % 0,1758 2,04
9 6,99 6,2 6.96 6.88 6.68 6.91 6,20 £ 0.1131 1,64
W0 3.68 5,52 5.64 5,63 5.68 5,66 3,65 40,0346 0,061

-

2 5.2% 5.26 0 5,25 5.23  5.2%  5.3% 5,26 Q.04796 Q.91

13 4.67  8.60 8.63 8,52 8,37 8.52 8,55 £ 00,1072  1.25

Backgrownd count 250,




EXPERIMENT &,

The Optimal Aperture Cuuvent and Threchold Seiting for Total Unythrocyte Coungs.

Materinls and wethods. Accurate inicial diiutions of blood ware not

noecesnary in this expewiment since trhe volvmes of the eells were imporiant
rathey than thelr total numbers., The techmidue used was such that the conw

centration of the blood cells would be withisn the normal ranga.

Approxinately 2 nl. samplaes of blood were withdrawm from the wight
cephalic veins of 12 cats which were frae frem pigns of clinical discase.
Sterile digpogable clear plastic syringes were used with 250 = 578tk inch
sterile disposable hypodarmic needles. These syringes and ncedles were
waghed out fmmedlately beforehand with a solutdon of 3% W/V of BDTA in 0.7%
NaGl solution to prevent coagulation of the blood, 100 mi, of a 1:50,000
éiiution of blood in P,B.8. {low background count) was prepared hy a twow-stage
dilution method, In a volumentyie Fflagk, 1 al. of wellwmixaed blocd was made
up €0 500 ml. with P,B8.9. and then 1 mi. of thia suspension was diluted 100
Limae in a second volwpetrle flosk, Fach final suspension was genitly agltated

throughout the expeniment to preserve uniformity in the suspengion.

Approxzimately 20 wl. subwsawmples were employed fox the actual counts.
There were thres vessons for this, 1) the beaksve used on the instrument
were oo small to hold the volume wequired o complete the experiment, 2)
small sabesamples could be used Briefly and then digscarded before the suse
pension had tlme to settla to any extent and 3) the effect of the electric

current on the bilood cells would be minimal.

%423



The background count of the filtered HB.5. vhich was used fox cach
sample was vead at aperiure curvent 3 and threshold 5.

At apevture cuvgent LI, each of the 12 samples was counted in a threshold
sevies bagimming at O and wising Co thyeshald 45 in uplte of 5, At the comn=
pletion of this series, four Fiurther roadings were taken ni intermediate
getiings of 7, 9, 2 and 17,

This procedure was repeated as before, but at aperture current ILI, In

addivion, two furtber readings were made at the end & threshoids 19 and 3.

Resulis and dorsiuisions. The vesslts ewploying aportuve currents II

eamd III wespectively aye showm in Tables 73 and 74, With aportuve curzent

IX, readinge became stable from threshold 7 to threshold 1G. If plotied as

a cuonlative frequency line on a graph, these readings create quite short
plateasx preceded by irzvegular and luaccurate counts ak lower thrashold,

@.% In 7 out of the 12 samples, the counts abt threshold 5 wepe “interzupted,™
There was aloo 2 sudden drop in counts over “bhreshold 10 $hich indicated that
& substantial paxt of the esll population lay between thrashwld 5 and thresheld
100 With an aperéture cuprent of 1Y, thercofore, it would be aeccssany to
selact a threshold around 7 vhich would then be rather elose o throsholds
which repeatedly pave false seadings dve to a conbinatlon of cells and debyis.
In addition, the typleal oscilloscope patterns at thig aperture curtent were

koo short to distinguwish cell spilkes fivom those of debris along the baseline.
An aperiure currvenk of ITL was preferved for weutine counts. The results

showed that the plateaunx wepe muneh wider, voughly over thresholds 7 o 12.

{lounta/
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TABLE V3

Threshold Gounts¥ of. 1:50,000 Diluilous.

Sanple COunts‘x4104

Soreima Y 2 8 & 05 6
0 - (4.87) (3.52) 7‘ . (3.06)
5 6.8 5,29 (5.30)  (4.86)  (4.59) 5,07
10 6,79 8.52 6.63 6,25 sgis' 5.53
15 3.43 5.1 3.24 4.45_ 4,45 3.53
20 1,37 2,26 1.36 1.56 1,73 1,31
25 0,66 117 0.63 073 . 0.73 9,55
30 0.31 0,61 0.28 039 0.38 0.25
35 0. 14 0.29 0.13 0.17 0.17 0,12
40 0,07 0.12 0.07 0.07 0,50 0.46
45 0,05 0.06 0,05 0403 0.37 = 0,03
z 7,07 8,51 6.85 6,15 5,97 5,538
9 6,96 8,55 6.83 6,19 6,15 5,46
12 5.65 7.7 5.37 5. 84 5.76 4,99
17 2,09 3.4 2,01 2.98 2.86 2.35
Actual Backeround Counts of Z.B,8.
5 30 70 50 100 100" 100

Counts greater than 10,000 have been correcied for coincidence loss.

TInterrupted" counts are in brackets,



of Cak Blood ot sperture Current II,

7 8 9 10 11 12

- (5.33) (3.20) {5.57) (3.35) (2.51)
(4.93) 8.63 {6.,92) 7.58 (4.87) (4.07)
6.69 9.27 . 6,00 8.7 6,42 )
5,52 7.8 . 2,9 4,97 4.36 3.92
2.85 4,12 . 1.03 2,00 1.79 1.50
1.29 2,08 0.51 1,49 0.83 1.26
0.65 1.19 0.23 0.57 0,43 .33
0,37 0.65 0.10 0,25 0.21 0. 17
0,20 0.3 0.06 9,13 0,13 0.08
0.10 0.16 0.05 0.07 0.07 0,04
6.74 9,23 6.35 9.07 6.31 5.63
6.98 9.36 6,45 §.96 6,48 5,74
6.67 9.19 5.36 7.48 5.84 5.29
4.80 6.0 1.75 3.46 3.16 2.76
50 70 85 85 100 160




pAge 74

‘Threshald comnts® of 1:50.000 Dilutions

Samplé Count.s 1{ Iﬁz&' |

Threshold

Betting 1 & i N ’v o 5 o 6
o * (5.09) (4.06) - x (3.41)
5 (5,92) 8.25 6.68 (5.56) 6,12 5,58
10 7.18 8.67 7.52 6,39 6.32 5,63
13 7.14 8.81 7,51 6.35 6.39 5,59
20 6.52 8,56 6. 7% 627 628 5.7
25 R 7.14 4,57 5,47 5.46 4426
30 é,@s 457 2.64 ,3?55 348 2,51
35 1.60 2:69 1.57 1,87 1,86 1.9
40 1,07 1.66 .93 1.1% 15111 0.
45 0.72 1,2% 0.67 0.75 0,73 0.50
7 7.% 8.39 7,49 6,80 6.2 5.59
] 7.32 8,45 7.56 6495 6.33 5,63
32 7.31 . 8.73 7.53 6.35 6.46 5,56
17 7.04 8,71 744 6.30 | 6,30 5,63
19 6.9 8.53 6,85 6,25 6.27 5.40
3 6. 95 7.73 6.73 5,65 5,70 5.25
Aetual Ea’tclgg;munq Gounts of E.B.8.
5 30 70 50 100 100 100

% foumte preater than 10,000 have been corrected for coincidence loas.

"interrupted"” counts are in brackets.




of Gat Blood st Apeviure Cervent IIX,

7 8 9 10 11 12
. (5.61) (3.84) €5, 12) (4.17) (3.27)
(5.66) 8.7 (5.67) (7.28) {5.56) 5,66
6.89 9,18 6. 0% 9,18 6,71 5,82
7.02 9.3 6.80 9,23 6,67 5,87
7.00 9.53 6.15 8,91 6.39 5,66
6. 64 9,00 4,39 6.85 5,01 4..92
5.71 7.02 2.33 4.53 3,66 3.36
4,93 471 1. 24 2,77 2.19 1,95
4,29 3,02 0.80 1,78 1.31 1.19
3,05 2.00 0,53 1,21 0.87 0.70
6.99 9.12 6.85 8,93 6.61 5,75
7.20 9.22 6.91 9,02 6.61 5.50
6,91 9.33 6.87 9,14 6.67 5,76
7.03 9,53 6,69 9.95 6.64 5,75
7.04 9.48 6.32 9,10 6.48 5,60
(5.33) 7.9 (5.47) 7,8 (5.11) 5.16
50 70 85 85 109 100
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Counts touded to £fall off less abruptly ag the threshoids rose. Although
Tintervupted” counts were just as common at threshold 5 with this curvent,
an optimal chreshold could be selected well away from this source of ewror.

Threshold 10 wae consldered to he suliable,

Wich an epeniwvre current of 1II, vepeai veadings from the scame sample
at thraechold 10 and 15 and also at 7, 2, 12 aud 17, wexe very simllax, although
the latcer four counte were made in succassion nueh lakeyr dn the experimant
than the weadings at thresholds 10 and 15 aud from a different aligquet of
the 1:50,000 suspension. At thregholds 19 and 20 the wesulis were also cone

slstent in each sawple,

EXCERIMINE 3,

A Comparvison of fotal Gwyihrocayie Counts by Means of the Tlectronle and the

Viaual Methaoda,

Materials and msthods, Approniwmately 2 wl. samples of bleod wexe eccllacted,

as desciibed in Espeviment 2, from 16 clinfecally healthy cats, 0.04 mli, of
blood from each ssmple was mined with 20 ml, PuB.8. o glve a guspeasion of
131500 and then 0.2 wl. of this dilutlon was mixed with another 20 ml. 2.B.S.
to eveate a second sugpension of 13530,000. ‘'the 1:500 dilubilon was used o
111 couniing chambers of Improved Naubauer Haemoeytometers, so that a diwect
comparigon could be made between the elackwonic counts and the traditional
chamber counts by means of a common 11500 dllution, Red cell Thoma pipeties
were employed to transfer the 1:5300 suspensions Lo tha haemocyometers,
Whenaver poseible, 6 chawbers were counted in the manner recommended by

Dacief
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Bacie (1963). TFilled haemecytometers were stoved tempovarily in a cleaw
plogtie box containing moistened gauze to veduce evaporation £rom the counting

chambers. Any which ghowed slgns of evaporation ox flcoding were not counked,

Tach of vhe 1:50,000 suspensions was counted elecivenically 6 timee,
1% pogsible, at aperturs curvent ITY and thresheld 1¢. The fllvered #,B.8.
background count was also vecoyded, The remains of each 1:50D suspension was
used o estimate ithe total leucocyte couni o ensure that 1t did not exceed a
lavel which would introduce an uvmecessarily high addidional exwor Into the

ved eell count.

Regulte and couclusions, The dats are presentad In Table 75. Whe co-

effleient of varlation with the visual meihod vanged fyom 2.0% to 9.45%,
The wange with the slectrvonie method, employing the sane blooed sawmples, was

fvom 0.077% o 1.217%.

The negules weve subjected to statistleal analysin, Using the method
of least squaves, where x wag ecquivalent to the haemoeyiometer counte and y
was egquivalent to the electronic counts, the line of repression of v on x
was v o= 0,86158x + 1,33898), The coyvelation coefflclent was r = 4 0,9429,
The standard deviation from the repression was Gy ™ 23,088, Yxpresscd ae
the coefficient of variatlon fyom the rapression, when x = X, this equalled

ﬂ€ < 100
KA

Bo= 25,008 = 100 % = 3.3% approximately,
v 759,06625

The vosults lndicated that there was g close relationshlp hetween the

Lo nwethods.



Dupepimant 33

TARLE 75

_Potal Euythrooyte Comnis

- Haemocyhongter counts

Somple Zatimated
— frythroeyie
Fumber | - S counts
cl‘zf?a?)lzzzrégints ehaiiggg Zai::nts jvafiaizce 8.D. c.v. feum.x 10
1 6 513.3 39,46 £ 6.82 2,00 7.63
2 @ 430.9 226,16 *15.108 4,57 5,28
3 6 285.3 726,66 ¥26.959 9,45 7.13
e 5 276.6 120,95 . 11,00 3,97 5.92
5 6 360, 8 260,76 16,15  4.48 8,453
6 6 285.5 216,16  £14.702 §.15 7.0
7 6 313.5 115,10 10,728 3.42 7.05
3 6 296.2 £1,36 & G431 2.17 7,40
9 5 273.4 252,26 ¥15,881 §,81 6.583
10 5 259.6 114,20 £10,714 4,13 6.46
11 6 248, 8 102,96  #10.15  4.08 6,23
12 6 318.2 857.36 229,280 9.2 7,95
13 6 323.0 646,00 125,417 7.87 8,08
14 6 352.2 189,76 #13,777 2.91 9.00
15 6 1308.8 63.76 % 7.985 2,59 7,72
16 5 255.6 180,60 - 213,445 5,26 6,48




Using Viepal and Hlectvonde Methods.

Electrvonic Qounts {Sorvected)

Bample Fotimated
_ — . — Erythrocyte
Nugnber counts
Huwber of Mean of fovm =z 10

. Variance 8.0 0.V,
Replicate counts Replicate countg 2ot v

1 f 80,300 780,000 883 1.1 .03
2 G 83,030 14,000 X118 0.14  $.30
3 G | 76,330 142,000  £377 0,49 7,55
4 ' & 68,950 334,000  £578 0,84 6.89
5 4 81,260 960,000 %980 1,21 .12
6 6 71,620 430,000 #6662 9.92  7.16
7 6 77,800 428,000 654 Q.86 7.78
8 3 50,020 134,000 #386  0.46 7,85
9 6 71,220 402,000 X634 0.89 7.12
i0 3 65,300 - - o 6,53
11 4 56,950 57,060 £23%  0.36 .69
12 4 83,850 170,000 12 0.49  8.39
13 6 77,150 3,000 * 54 0,07 V.71
14 & 99,600 160,000 #4003  0.44  9.06
15 5 77,700 235,000 485 0,62 7,77

16 3 65,000 - - - 6.50
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EXPRERIMENE 4.

Erythﬁoayﬁg‘Qiluﬁian.ﬁﬁpagiment.

Thic experiment was designed to ascertaln 1f the counter was accurate

thronpghoul: Lis predicted vaupe.

Materdals and methods. 2 ml, samples of venous blood were withdrawn from
¢ different cata, From each blood sample, 5 x 20 nl, of a 1:50,600 suspension
off blood Iin £.5.8., were prepaved and chen mixed to give voughly 100 mi. of
a 1:50,000 suspension, ¥From ecach 100 ml. suspension, the following dilutions
were made, 20 mi. of the suspension was withdrawm to ba uwsed as a l:l dilution:
W ml, was added Lo 10 ml, of P.B.8. to produce a 1:2 diluticn; 5 ml, wae
added to 10 ml. RB.8. €0 make a 113 dilubion; 5 ml. was added to 15 wml.
P.8,8, o make a 14 dilubdion; 5 ml. was added to 20 wl. P.B.8. to give a
155 dilution and flnally, 5 ml, was added Lo 25 ml, P.B.8. Lo produce a
dilution of 1:6. 0,04 ml. and €.2 ml. pipettes were used ko make the iniiial
1350,000 suspensione and 3 nl. and 10 wml. Gold line E~Mil pipettes were
employad to prapare the higher dilutione.

0

Bach of the 6 dilutions Lrom each blood sample was counted & times in

sucoension at threshold 10 aud Apeviure Curyent III,

Results and concipgions. The data of this experiment ave presenied in ,

Table 76, It will be poted from column 2 and coluwa 3 In this table, that
the relatlouships betwaeen the wean.% .of obsorved veadings and those which
were cupacted weve clicege envugh for he asswption that this instrument was

aceuraie over iia normal worlking range of L to © willion red celily per cw.mw.




TABLE 76

Experiment 43 E‘gyi:_hz;ccy ta.

Sample 1. ‘Samplé: 2y o

blution TR edh 6 fﬁiﬁcs MQQ; . .-,a ﬁ%ﬁeeﬁ Moz

& 3.0, - & B.D, e
1: 50,000 100 me g doo 70090 yep
1:100,000 = 50 53 33900 sa.a iaéggo 53,5
1:150,000 33,3 "3e;_ 1 fggﬁ,g" 35,5 i‘*ﬁg" 3.1
11200,000 25 27.1 22,000 2'7;2 25,200 g8
1:250,000 20 21,9 275330 21,5 205329 22:3
1:300,060 16.6 17.4 i;”*'ii;g" 17.3 i51;go 17:3




ounis at Different Rilutions,

Sanple 3. Saaple 4. - Sample 5. Somple 6.
Maan Maan Mzzn Meaan Yizan Maan Mean Haan
& counts A 6 counta P 6 counia % 6 eounts Y
E(:\i Sql}c 69 3¢Dl & 31331' & 8!@.
82,40 75,600 1 78,300 57,500
£ 608 e Wa o x e R v 100
43,500 .. 40,100 " 43,800 6o g 30,200 T
+ 265 228 Y ) SRR A 5+ 22,3
28,800 ' 27,300 ; 28,200 ] . 20,700
17,600 17,000 o~ 172,100 12,600
£ 77 21.4 r 89 22.5 £ 200 21,8 Y 141 21.¢
4 13, : 1
4e200 g B0 w00 e 900 gps

RS Y
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ERRORS OF THE TOTAL DRYTHRODYTE COUNES.

EXPIRIMGNT 5,

The Trrors of the Blectwonic Mathod with a Sinple Sample of Blood.

This experiment was designed to demonstrate the combined technical,

jastrunedi and £1810. greove of the wneithod,

Materdals and methods, From a single well wixed sample of cat hlood,

wixed with EDTA'to prevent coagulaition, 6 sepavate puspensions of 1:50,000
were prepared as descvibed above, Different pipettes weve wusaed for each
gtep, Haeh suspension was counted 6 times glving a series of 36 counts,

Tndividual counis ware made in rvandom order,

Regults and copclusions., The vesulis are glven in Zable 77, The mean

of the 36 counts waza 70,0600 and the siandard deviation of & 700 was % 0.99%
when expressed as the cosfficient of vaviation, Coefflclents of variation
of counts from the saws duspensilon demonstérated machine and fisld errors
and they ranged From  0.54% vo £ 1,18%¢ The coefficlent of wvariaiion of
cosnia Sron each individual dilution,vhich were selacted at rawdom, pave an
londicatlion of the machine, field and pipekting eryorg, which wanged from

£ 0.65% to k 1,20%,

From this, if wag conciluded that the slectronic wmethod of estimating
the total epythwocyte count of a single blood cample was extremely asccurate

and the accuracy was vot markedly alieved by pilpetting ervors,



HOAT TR T

Regults of Uxperiment 53 The Total Hyxvihrooyte Cotut: Brrops

T A AT A

of the Electronle Mokbod yith a §ineie Samnie of Bload,

i;ig;gﬁgs Breceessive correcied counis Mpan & §.0. GV,
a I ¢ d a £
1 71,900 V1,800 Vi,500 71,100 70,300 70,7060 Y1,200 2630 0.85
2 70,300 70,400 v 70,400 69,500 70,300 V0,200 £58D 0.54
5 71,000 71,400 ‘70,209 TL,000 70,200 70,400 70,700 503 071
& 70,700 89,900 69,900 69,900 69,80C¢ 69,200 09,900 =430 0,69
b 70,300 73,000 70,200 76,300 70,800 70,400 70,000 £430 0.68
6 12,600 70,800 70,500 7¢,400 71,100 71,000 73,100 f200 113

Masan, 74,200 V1,000 70,500 70,500 70,300 70,300
&

G0, OG0 £ 730 £ 620 2 A6D 1+ GBO 1+ 620
C. V. 1.26 1,03 0,58 G, 08 0.85 0,69

¥ An loterzupted cownt which was not ineluded in the statistical onalyeis,
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BEAPERIMENT 6.

The lrrorg of the Llectronic Method in Blood Samples from Diffeveni: Oava,

Materiale and methods, WMive sepavate ailutions of 1:500 were prepared

From a well mized venous blood sample, Bach diluiionuwas counited in the
glectronic eounter al aperiure current IIY and thresheld 10 and the mean

of two succesalve counts, corrected for coimcldence loss, was wacovded.
This was caryied out on 10 individual saaples of blood from different cate.

Results oand conclusions, The vesults ave presented in Table 78, An

analyels of vardonce was carried oub awvd this showed that the standard ewror
%

of & single obgervation was 60,100 and the cosfflelont of variation =

60,100 100 = 0,85%,
7,059,800

From these results 1t wag econcluded thai this method of estimabing the
total erythrocyte count of cat bilood was highly accupate lrrespeciive of the

donory cat.

EXPURIMENT 7.

The Beiween Technielan Diserapancies in the Gleciteonic Method of Esiheatine

the Total Beythrogyte Count with Cat Blood.

This experiment was deslgned to deterwinge the statistical diffefgucesn which
might be found when thyee techniclans were eaployed to carvy out totul eryihwow

gyte counts on ldentical samples of eat bloed,

pis]
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Rasulis .t:_»éf Baperiuont 6y the 'l‘ot;al. Ié:r_yi:.lwcc:yi:gh Louatg an_d Erpors of

the Disectzonie Mathod in Samples of Blood fyon Different fafs,.

Gorractod nean counts of
geparabe dilutdons

Sample 1450,000 Maan, 8.9, G,V,
) b o d e
3 52,100 52,600 52,100 51,900 52,400 852,200 & 278.4 0,53

2 75,900 77,200 77,200 77,300 76,700 76,900 £ 587.0 0.76
g 68,500 67,700 68,500 68,800 68,860 68,500 & 453.0 ©0.66
4 76,308 71,500 71,500 72,300 72,600 71,600 % 884,5 1,25

82,700 = 83,700 83,700 83,800 83,500 %

$4a
W
[
(T2
on

0,62
70,760 69,300 69,700 70,600 69,300 69,900 & 687.4 0,98
71,300 70,500 70,100 69,380 70,400 70,500 £ 576.6 0,61
69,200 70,000 70,300 69,800 70,700 70,000 £ 5615 0,80
9 70,700 71,400 72,000 71,200 71,700 71,400 £ 495.0 0,69

10 72,300 72,000 72,000 71,500 70,800 71,700 & 589,5 0,82

®  An iptexyupited counté which was not included in the atatistical analyedis,




Moterigis and motheds, Bach of three techunicians prepared two separate

1:50,000 suspensions of blood in P.B.S, with g known low background covnis,
At aperuture curvent ITT and threshold 10, a total erythronyts count was
eptimated for each suspension by the persoun who had prepared 1. The xes
corded rasult was the wmean of two ﬂuécmssive counts, A votal leucocyie
count was carried cut on the preliminary 1:500 dilution In each casge to
sngure that po leucoeyitosis was present which woyld intexfere with the

accuracy -of the arychroeyle count.
This procedure was carried out oun 10 blocd samples Erom different ecaks.

Reanlis and conelusions., The vesulies are presented in Table 79A. Note
: , ¢

0%

that the actual count, covracted for colncldence lusg, iz given., Such flgures
mugt be maltipliad by 100 to glve the estimated niwber of cells per cu.man.
Ho leucocytosis was obsexved in any of the sasples and the background counts

of the filterved ¥.B.8, wore 250 ov leas,

The actnal bobweon btachniclan discyrepauvcies and the percentage between
technlician  dlscfepancies were detetmined, Table 798 and the Studenit's t taest

was applied,

The wean percentage discrepancy between Techniclan 1 and Techunician 2
was 2,.22% with a standavd deviation of & 19,59% ¢ = 0,49, whicl. is nob
shatistically aienificant. The mesn pereentnge discrepancy between Téchniclan
i and Teohnician 3 was found to be 2.86% with a stondawd deviation of * 4,07%

t o= 3,00, vhich is statistically aignifilcsnt al the 1% lavel.
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TABEL 794,

Rasulis of ¥aperimont: 73 The Total Brythrocyte Counte of Cai

Blood with the Bleetwonic Method Prploving Theee Techuicians.

Actual Fryibroeyte Counts (Gprmcm_ad}\

it

Pechnielan 1 . pechnicion 2 ' Yechnician 3
Dilutlen DA luiiom Mt ion Pilutdon Dliution Dillution
A B C D E F
25,800 25,000 23,100 22,760 24,300 24,500
57,500 . g?psaé .. .;a,@na 54,600 5% ,600 55,300
55,200 54., 700 ;;,700 51,900 55,600 58,400
54,200 54,900 52;%55 5@’;00‘ :ﬂ 54,000 54,400
54,400 54,900 51,400 Aﬁﬁ,ﬁoﬁ . 53,800 55 , 900
59,700 59,800 .55,909 4., 700 57,200 57,400
47 4,800 47,600 77,000 75,900 43,800 43,400
40,600 40,600 38,000 38,700 37,400 38,900
69,200 68,400 68,900 69,100 68,700 68,700

27,900 27,600 27,000 27,660 27 ;000 26,800




IABLE V9B,

Gaperiwent 7: Between Technlelsw Discrepancies in the Tokal

Brytheoeyie Gountn of Cat Blood with the Elcotwenie Method.

Betyeen Technician Beiween Technician
Digecrepancies Discrepancies

Technlcian 1 minns Technicion 2 Teclndcelon 1 minus Technician 3

Rlood 4 minue G B minuo D A wlousg T 3 mious ¥
Sample  Ackual % Aatual % Actual % Actual %
d 2,700 10.5% 2,300  9.2% 1,500  5.8% 500 2%
2 2,900 5.0% 2,900 S.O%W- 1,200 3.3% 2,200 5.8%
3 1,SéU 2.74 2,800 3.3 ~ 400 = 0.7% «3,700  ~D,8%
4 4,500 2.9% 200 0.4% 200 0.4% 5060 8,90%
5 s,oaé. 5,.5% 1,300  2.4% 600 1.1% =1,000 -1,8%
a 3,800 6.46% '—4,90é 78.2% 2;500_“ &, 2% 2,200 3.7%
7 ~29,200 96;‘1% w28, 300 ~5é.5% -6,009 12.6% 4,286 8.8%
8 2,660 G.A% 1,900 4.7 3 ;200 7.9% 2,300 5.7%
9 ] 300 ;0.4% : v 700 -i.o% 500 0.7% ém 0. 4%

10 00 3:2% 0 Q 200 3.2% 300 2.9%




From these resulis, 1 wag obsegved that, In this bighly accurare technlgue,

dlfferances could be found when one technielan was compared with another,
This indicated that ecach operator should be tested Lo devermine his or her
techindeal evrors before 1t can be assweed thai 2 oxr more techuicians can be

tntewchanged ia o series of mensurewenis during the covgse of an experiment,

CATLIBRATECN BEPERIMANES FOR TOPTAL TEUCCCYTE COUNLS.

ERPERIMENY 8.

Brythrooyte Haemolysils Hxperiment.

This ewperiment was desipgnad to ¥ind out the optiwal period when the
total leuwcocyie counts rewmalned stable following hazemolysis of ihe arythrocytes

in a diluted suspension of blood.

Materisls and methods, From a blood sample from each of 6 caks, a

11500 dilution ifu ¥.B8.38. was prepaced. To each guspension was added 0.2 mi.
of o 2,0% solutlon of saponin in distilled water and this was pently agitated
to iz well without creating too much froth, Hoch suspension was counted

at an aperture cuzrent of IL and a theeshold of 18, lmwmedimiely after the
addition of saponin and then at the jGth, 10th, 20th, 30th, 40ch, 50th and

00th minute.

Rasulis and copclusiona, Counts which were mnde immediately afeer the
addicion of the mapounin sojuibion were very high and exvatic, since they
would Include eyxyibunocytes and lavge ewythrocyitie debris, Such counts were
not recorded, Table 80 showe the vesulis of the subsequent counts, The five

covntsf
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A A 1A G K

Bsperlwont B 'ﬂ]lle_'.§_i:abi3.i€:y' of the Toi_:»g_}. Leucoeyte

Count Followlne lgemolyals of the Brythrocytodg,

Bost=haemolynis

ioterval in Gorrected couvate of 1:300 dilutions of blood in P,B.S.

mwinutes

Cak 1 Gat 2 fat_3 gat & fat 5 Cat 6
5¢h 30,800 34,000 28,400 23,300 21,000 19,500
10th 30,000 36,600 26,700 22,200 20,500 18,800
208h 30,300 383,400 28,400 22,700 20,400 19,400
30th 30,600 33,700 20,500 22,600 20,400 18,700
A0t 29,900 33,800 8,200 22,300 20,100 18,500
50th 30,100 33,700 28,300 22,700 20,100 18,400
6Gch 30,100 33,800 29,000 23,000 20,906 35,300
Mean counts
10th -~ 50th
mingte 30,106 23,300 28,600 22,500 20,100 15,0800
Variance 44,300 144,400 356,100 532,900 36,100 160,000
a8,D. * 210 t 380 + 190 * 280 + 190 t 480
v 0.70% 1,12% 0.67% 1. 02% 0. %4% 2,13%



counts between the I0th and 50th postegaponification minute in each blood
pauple were Included in an analysie of variance which showed that the
veogidual standard evrror of a slngle obsavvailon = 296 with a cosfflcient

of variation of 1,15%

From these vesulis, 1t was concluded that the total gount, between the
10ch and 50th mioute after the additionz&¥ seponin Lo a L:500 suspension of

blood in P,B.8., vemained stable,

The Optimal Awertuye nggen&_and Thireshold Satting £or Tagal E@ucocyte Gounks,

Materdals and metbods., As in Domperiment 2, precise dnieial dilutlons

were ol nccessavy for leoucogyie plateavx, for it was cell volumes rather
than cell pumbers which were belng lovestisated. However, the concentraltion

of the leuvcocvies was kept withiln the predicied working range of the ivstrument.

Sauples of blood were withdrawn from the right cephalic veins of 12
cais which showed no rigns of clinical disease, EDTA solution was again
emplayed to prevent coagunlation of the Dlood., 1 ml, of cach semple was
mixed with P.5B.8. iu a 500 ml, volumeitrde flask and the total volune was wade
up to 500 mi. with P.B8.8, to give a diluilon of 1:300. A sub-gample of
approximately 100 wil, was withdrawn and 1 wd, of a 2% saponin solution was
introduced to the subegample, Pen winuies after dits additdon, when total
haemolysis of the vad cells should have baen complated, 20 ﬁi. aliguots of
this treated sugpenslon were withdeawn in succossion and vged on the jiastrae

mantf
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instrument for total lewcoeyte counts., The sub-sample was not used for more
than 20 to 25 minvbes to ensure stabiliby in the total vhite ecell counts
throughout the experviment. Roughly 10 minutes befove the first 160 wl sube
sample was discavded, a forther sample was withdrawn from the volumehrie
fiask and haemolyscd as before., This could be repeatcd if necesssrvy to
malntain a supply of puspension undew standand conditions. Throovghout the
entlve experiment, both the maln sample and sub-gamples were gently agitated

o bkeep the suspensions as uniformly wixed as possible,

Ar apertuve curyent I, veadings weve talen from threshold O to threshold
80 in vnite of Y. Counts were continued at thresholds 20 and 10D and furiher
readings were wade ai thregholds ¥, 9, 12, 17, 22 and 27,

This was repeated at aperture current LF sud alsc at gpertuve curyent IXI,

bui in these cases, the final intermediate thresholds were cmltbod,

Resmlts and concluysiona. Data fow the 12 samples are presanted in

Tables 81, 82 and 83,

Plateawn with aperiure cuzzent I lay between threshold 7 asgd threshold
12, Tt weuld have been necessary to have seleated threshold 7 ov 9 ai this
curyent, Ieucocytosis is common in the cat and it would prove impossibla o
CRXYY out accuwate counts ab this threshold routinely, because of basaline
Lutexference,

Puploying aperiure cvivent LIL, the optimel threshold setting was around
30 and plateanxwere wide, Whilst the cell and debris populdtions were readily

differentiated/



Thieshold Counte® of 1:500 Diluiions

Counts « 103_

ewmg. L% s 4 s 8
0 (25.0) .- . . (10.9) v
5 19.4 (9.6) (9.3) A (9.9

10 w7 12,9 100 124 5.4 12,6
15 16,7 12,4 10,7 12.2 5.1 LG
20 6.2 10.7 9.5 105 47 107
25 15.0 6.7 9.4 74 me 9z
30 13,7 1.4 8,2 53 3.4 8,2
35 13,2 5.2 5.9 344 2.6 6.4
40 9.9 2.6 3.2 2.0 . L7 bty
45 5.7 14 Lo L3 Ll a4
50 7.0 0,75 L1 0,80 071 1,7
55 3.7 0.52 0.73 0,64 0.60 L2

60 2.8 0.38 0.57 0,52 0,50 1,0




of Lot Hloond at Aperiune Cur'r:eng I

7 B 9 10 i 12
- {16.0) (30.2) (15.3) (18,3} (12.5)
(13.9) (57 {19.5) (17.9) e (0. 1)
19,1 7.6 19.1 22,4 12.2 14,6
18,7 7.3 18.4 21,9 11,7 14,0
18.6 6.7 16,7 31,0 1.1 13,1
16,9 5.1 15,6 19,8 10.3 11,3
1,0 b2 1446 18.7 9.1 9,8
8.9 3.4 12.6 17,1 8.1 7.7
3.9 2,9 8.3 32,9 5.6 6.0
2.0 1.6 5,0 8,1 3,9 4
1.3 1.0 3.3 5 o 2.9 2.8
1.0 0,75 2.2 3.5 2,1 2.2

0. 80 0.59 1.6 2.4 1,8 1.8

~ 0 ~



Threshold 1 2 3 4 5 '5

Settiug —

65 2.2 0.30 0.40 0,47 0.40 0,77

70 1.9 0.24 0.40 0.37 0.40 0.67

75 1.7 0.25 0.30 10,37 0.33 0.62

80 1.7 0.24 0,28 0.29 0,32 0,55
80 1.5 0.20 0.26 .28 0.32 G bk
100 1.2 0.19 0.27 o-_.zz; 0,27 041,
7 18.3 12.3 10.9 119 s 11,7

9 18.0 13.0 10.9 12,5 5.4 13,56

12 .i.?.z 12.6 10.6 12.2 5.1 11.6

! 17 16.2 1.5 9.6 11,8 4.8 10,5
22 15.4 9.2 8.7 8.6 b 9.1
27 13,7 7.1 7.7 6.1 3.5 7.7

Actual 3ackg?oun¢_Qoqnﬁs_pf P,B,5.
5 30 70 50 100 100 100

#  Qounts greater than 10,000 have been correcied for coincidence loss.

"Interruptaed"” counts ave in brackets.




7 8 g 10 1] 12

0.72 0.51 1.2 5.7 1.5 1.5
0.61 0,39 1.0 1.3 7.2 1.3
0.52 0,37 0.80 140 1.1 -

0.50 0.31 0.70 0.9 1.0 1.0
0.50 0.2 0,60 0.7 0.6 0.9
0,38 0.21 0.50 0.6 0.70 6,7
19.1 7.6 18.1 (19.6) (10.3) 1.
19,4 T 18.0 £20.6) 11,6 14,3
18.8 7.2 17.5 21,9 11,8 4.1
18,6 7.0 16.6 23.1 11,4 194
17.1 6.0 15.8 20.1 10,5 12.3
12.6 ta 1.1 18.7 9.3 9.9
50 70 85 85 100 100

mOJd



zap 82

Theshold Counts® of 11500 Dilutione

Cqunts pis 103

Theeshold A
Sa‘ttitif; L 2 o 3 | .

5 {22.5) | iﬁ.e | f'iﬁ.a - , | . | ,ﬁéi,n;
10 218 . 15,5 13,1 15,0 ‘6.5 “'1855
B 19,9 %7 1L -i 1,2 58 1.8
20 “ N o138 - 1L, 12,6 5,5  .]‘fi2§2
25 185 184 - L1 ¢ 124 5, | 1L
30 18,0 13,1 0.5 12,3 5,1 11
35 17.7 12,1 10,3 11,3 40 10,8
40 172 109 0 9.7 a5 4.5 9,8
45 16,2 9.5 8.9 7.7 4 o
50 15,2 9.4 85 6.4 3,8 8.5
55 - T 8.1 7. 5.3 . 8.6 5.0

7 . N

9
60 13.4 7.4 7.3 T 4.6 B A B %

65 12.5 6.2 6.4 3.9 33 Gl
70 Cilv2 - 5.3 5.6 3.5 84 5.8
] 5.3 bt B 320 B9 4,8
£0 8.9 4.2 Lol 2.9 2.7 by
90 8.1 3.6 3.9 2.6 2.6 3.9

100 7.4 3.4 3.5 2.4 2.4 8.6

KA
O

Counts greater than 10,000 have been corrected for coincidence lose.

Mnterrupted" counts are in brackets.



264

of Gat Blood ab Aperéure Cucrent ii.

7 8 9 10 i1 12
{31.8) w - {39.8) {29.4) (33.8) (28.7)
{21.1) {16.2) {33.2) {22,0) 4.9 {19.8)

21.6 2.0 20.9 253.2 13.4 7.1
20. 1 R 19,6 - 24,9 12,4 15.5
19.9 7.8 - 18.6 24,2 12,1 4.0
19.4 7.9 12.2 24,2 12.1 4.6
19.4 7.3 18.2 23.9 1.4 4.1
19.2 7.3 17.5 =N 1.1 13.6

18.6 6.3 16.5 21.9 11.0 12.8

18,1 RIS 6.1 21.3 10,5 1L.8

16.6 5.9 15.5 20.8 2,6 10.6

14.9 L% e, 7 19.8 2,3 9.8

14,6 4@ 13,7 8.3 8,6 9.1

9.2 3.8 12.3 15.8 7.9 8.3

7.8 3.5 10.9 15.4 7.3 7.7

7.0 32 2.4 1i.6 6.9 743

6.4 3.1 8.2 0.3 6,2 0.8

3.7 2.6 7.2 8.7 3.8 6.2

5.5 &l 6.6 7.5 S LM




zaptz 83
thresholdscpun§9#70£ L;SOO%Qiluﬁiang

Counts s 103

meseM o a3 o5
0 (30,6) . . - (27.8)
5 58.5 o . 626 | BA4 - 6.4
10 . 27.4 29,0 36,6 19.00 387
15 | 15.5 .8 1.0 7.4 22,0
20 “.2 121 137 6.1 17,2
25 S-S R £ V5SS 1 3¢ S Y 15,2
30 o 13.0 10,8 12,6 5.3 3.4
55 2 12,7 1.6 123 %2 12,6
4o g 12,5 105 12,2 501 12,3
45 g 12.7 0.6 1.8 5.0 11.6
50 3 2.1 10,3 1.9 4,8  1iL2

55 7 98 L7 . .
60 11.3 9.0 1L.6 4,5 10.3
70 10.5 8,9 10.4 4.4 9,0
80 0.5 8.4 8.8 43 8.5
90 9,0 8.1 84 41 7.5
1e0 8,6 7.9 7.8 40 7.2

*  Qounts greater than 10,000 have been corrected for coincidemce loss,

intereupted” counts are in brackets,.




of Cat Blood ab Apewvture Corrent IIT.

7 8 9 i 1 12
. . (29,13 (28.9) ¢41.0)
(56,73 (65.5) (48.6) (489 (56.4)

38.2 42,7 26,9 31.0 39.5

13.6 24,0 3008 15,2 20,9

9.2 19.9 22,8 13.0 16.3

8.0 18,8 22,0 12,5 .5

” 7.6 18.5 21.9 11,9 14,3
7.4 18,0 21,3 11.6 5.8

%E 7.2 7.7 21,7 15,5 13,7
¢ 7.4 7.7 2.1 11.5 13,7
5 7.2 (19.1) 21.3 11.3 13,4
7.1 7.3 23.2 11.4 13,4

6.8 17,5 21:0 16,9 13,0

6.5 16,6 20,0 10,6 12.3

5.0 15,7 19,1 9.3 11,5

5.8 . 18,7 9.3 1.1




differcntiaied by this curreni, the oscilloscope cell patlern teunded to be
go tall that it enceeded the helght of the screen, This did not influence
the instrument counts, but it &1d prevent the oscilloscope screen from acting

as a useful indicator of the accuracy of the count,

With aperture curvent LI, the ogellloscope paltern was more ¢aglily
interpreted, The cell and debris populations were guite distinet and a
thresheld value could almost e cstlmated visusally.. At this cuwevent, the

optimal threshold was estimaied as 20, oy sligbtly lezs than thils.

Xt wag concluded that, for voutine leuvcoeyte countn, sn aperiuve cuvrenk
of TI% and a threshold of 18 should prove satlgfactory. These lusivument

gettings were emploved in a1l the subsequent calibpation experiments.

EXPERTMENE 10,

A Comparison Berween the Flectronic and Visual Methods of Hstimatine Total

izncooyte Coungs,

Materials and methods. 2 ml, samples of blood weve withdrawn fxrom the
cight cephalic velns of 12 cats vhich presented no signs of clivical dicecase.
From each well mixed sample, a 1:500 dilution of blood in low background
count,?. B8, wag prepaved, %o cach sample was added 0,2 ml. of a 2% saponin
soluiion (Uoulter saponin) to cause haemolyeis of the red ecells. §ix
successlve white cell counis were read fyom each suspension within the
optimal Inteeval afier haemolysis. bn aperture current of IX and threshold

of 18 were ewployed iy the exmpeviment,



The vraditional wmethod was thab dascribed by Pacie (1963% usiag whit
cell Thoma pipettes, white vell diluting fiuid and Tmproved Neubauer Hoowmow
gyometers. A 120 diluvticn of blood was prepared from each of the 12 bLlood
sauples and six counting chawbezs were counted,vhenover possible, with each
dilution. Haemvcvtometers woerve housed in a cliear plastic container with

0}

moistened gaunze pnitdl used, Lo prevent evaporation,

Besulte and comclusions. The vesulis are glven in Table 84, Using the

method of leasi squares, wherve n was eguivalent to the haempeytometer counts

and v was egquivalent Lo the electronilec countn, the llos of regresgsion was

y = 1.2072x « 1474, The cervelation coefficilent botween x and y was # =

+ (0,900%, The standand deyiation from the regrespion was 1560, It eounld
shown ihat the above regression line could pass theough the gerigin., Thic

wegnt:, dn effeci, that we conld usey = 1,2002%, 7The sitandard deviatlon from

this regression is 1630, The coefficilent of varletion from the regresslon

when X = % 48

% = 1630 % 100 % = 10,5%
15515

e

Ferom this date 1t was concluded thai the seme pavticle population was
conated with both the electvonic and viecval methods, but thai the alectronie
gounie werae cousistently asad proportionately highey than those obtalned by
the visval method, This was uot unexpected, since Berkeon et al (1940)
have noted that visual counts with a haemooytometer chamber ave uevally

lower than the actval couni, as conflemed by photegraphic methods,

Aprecment between slugle cownts with the two wethods was less thei that

chaavvedf

(=Y I ¢



TARLE 84

"Expertpent JitH :Total-maucccvta Gounies

Hacmooytomater founts .
Sanple e SRR Rucimated -
: B — it s v Leueooytie
Number counta
Kumber of Mean of ' : - fcuaam,
Chambexr Chamber  Variause 5.0, C.¢. gt
counts counia ’
1 6 154, 5 283.9 k16,85 10,94 . 7,730
2 6 252,2 65.5 ¥ 8.09 3,21 12,600
3 6 222, 5 188.3 % 13,72 6,17 11,100
& - 6 567,58 Lith, T * 20,36  4.36 23,400
5 6 1637 160.3 & 12,66  7.73 8,200
6 5 254.,8 265, 7 + 16,30 6,40 12,700
7 6 215.8  G5%.4  £25,52 11,83 10,800
8 6 139.7 110.7 + 10.52 7.53 6,980
9 6 292.0 156.0 ® 12,25 4,20 14,660
109 6 1660 160.4 % 12,67 7,63 8,300
11 6 474 ,0 390,0 £ 29,83  6.29 23,700
12 G 339.0 201.8 * 14,18 &,19 . 17,000

% Qounts greater than 10,000 have been corrected for colncldence loas,




Using Visual and HBlectyonic Methoda.

Elactyvanlc Counhsd

Bampie Estinated
e et I e wmes DERCOCTEE

Membex aounts

Wonahor of  Mean of e mm,

Roplicate Replicate Vavlance 8D, g.V.
eownts QOUnLs

1 o 8,330 &8, 000 & 2214 2.65 8,350

P G 18,300 56,000 % 236,06 1,29 18,300

3 & 14,000 4,000 63,25 0,45 14,000

& o 28,800 12,000 + 109,546 0,38 28,800

5 G 8,450 11,000 & 104,88 1,15 9,150

6 G 12,400 12,000 4 J08.5¢ 0.48 12,400

7 i 12,720 29,680 ® 172,28 1,35 12,720

& 6 6,530 G, 600 & 8L.24 1,28 6,530

10 6 8,270 102,600 2 320,29 3,87 8,300

11 4] 28,330 170,680 ® 413,03 1.46 26,300

12 i 20,650 22T OO0 & 476,45 2,31 20. 850




observed in total ewythrocyte counts, This may bhave heen due o the higheyr
field grrovs in both lescooyte counting methods and also te the evvors
involved in the leas divect wmethod of compaving the cell populations from

fhe inltial blood sample,

URBEREMENE 11,

A Dilucdon Espeniment to Ascerwtain the Bffective Range of the Tlectwonie

Covnter for Laugocyie Counta,

Materigls and methods, The methods in this exporiment were similar to

that of Experiment &, exvept that 100 ml. somples of a 11500 suspensilongof
blood in P.B.8, warve enployed instead of 1:50,000 suspension, the instrument
settings wera those which bhad been debarmined for leaugocyte counts, bub

only & dilutions were used, Lil, 1:2, 1:3, and 1:3,

Besults and conclusions, The vesults Bre presented in Table 83, The

expected and obmexved results can be noted in the second and third columns
off the table,where the expacted pevceniage »f eoagh diluiion ig compared to

o

the obsexved mean percentage. The coefficient of wariation of 6 replicate
aobnts of each dilviion was low enough for this comparison to be wvalid., It
was found that the relutlonship between expected and observed resulis waa

cloge enongh to agsume that this justeument 1o accurate over a range hetween

2,000 and 46,400 leucooylhes pew CU.ION,
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Experdmoent 113 Leucocyte

Sample 1. Samp%r{: 2.
& 8.0, | &“s_,u.,f o
ir 500 1wo Coaon ii;éag 180 i?igfi TG00
1:1,000 50 50.2 f_:g"g 49,6 d?g% 8.3
111,500 33.3 3.5 i‘ggf‘g 33.9 iigfff’g 36;?
1:2,500 20 20.5 22009 20,5 i,;gaz 180




Uounts at Different Miintione,

Gample 3. Sample 4. Sapple 5. Sawple 6.
ean Maan Ycan Meaty Maan Meon, Ploan Mean
6 counts % 6 counts % & counts % G counks %
(53 S.Dn & S.D‘. & So:')o & S.Bo
21,300 16,700 46,400 94,000
£173,2 0 21483 "9 g 090 4 ug 100
11,500 " 8,500 . 23,400 .., 12,100 .
£219,1 %0 £100,5 209 s33s.2 0 gan.e 458
7,660 . 5,800 . 15,700 . 8,000 o
:hi.él.éﬂ 3@ 3 " *16;0 3&‘« l’a :!:173- 2 33; < iﬂfl).é 32. w
4,500 - 3,600 . 9,300, 5,200
wh7 2t mges BN w0 Gy, M
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FRRORS OF THE TOTAL LEUCOCYTE GOUNT
EXBERIMENT 12.

The Frrors of the Blectronic Method with a ﬁiggla_ﬂampie of Calt Blood.

Material&land methodas, From o single blood sample, 12 individual
13500 dilutiong of blood in P.B.8. were prepaved with different 0.04 ml.
pipeites., From each of thene, a 1:50,000 suspension was alsp made. To
the 1:500 dilutions was added 0.2 wnl. of 2.0% saponin solution., After 10
minutes, the ﬁaemolyaed guspensions were connted 6 times in succession at

threshold 18 and aperture current L1,

Brythrocyte counts were carried cut on the high dilutlon samples at
Threghold 10 and Aperiure Current LI and the wean of two successive counts

wag recaonded,

Results snd conclusions. The resalts ave pgiven in Wable 86. The mean

lewvcaeyia count waz 21,800 and the 8.D. was % 420, giving a coefficlent of
vaviation of = 1,93%, ¥From this, it was concluded that the tetal exrors

of this technique with a single bloed sampie were compavatively low.
The coefflclent of variation of the 12 total epryihrocyte counts was + 1,02%.

EXPERIMENT 3.

The Exrovs 2 *he Blectronic Method in Blood Samples from Different Cats.

Materials and methods, Six sepavate 1:500 dilutions of.hlood in P.B.S,
were propaved from each of 10 blood samplees from different cats., The instyument
was set at apertuve current II and threshold 18 and each once of the individual
suspenslons was counted, The wmean of two successive countg in each ¢asge was

recovded aftey correcilon for coincidence losg, if this was indicated.

Regults and conclusions. The results sre presented in Table 87, An

analysisf
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Ropults of BEuperdmean 12t Total Jmmeoevie Counts:  the Frrops

of the Blectvonie Method with a Sinale Sample of Blood,

11500 150,090
dilutions Suceesgive aounis (corrected) dliutions
a b ¢ d c & ¥
1 20,900 21,000 20,900 20,800 20,500 20,700 20,800 70,700
2 21,700 21,700 21,600 21,600 21,200 21,300 21,500 71,450
3 23,700 21,900 21,900 21,3800 21,900 21,700 21,800 72,050
& 21,900 22,000 21,800 22,000 21,800 22,000 21,900 - 71,950
3 22,300 21,900 21,900 22,200 22,000 22,200 22,100 72,200
G 21,800 21,900 22,200 22,306 22,200 21,900 22,000 - 72,400
7 22,260 22,360 21,000 21,500 21,700 21,600 21,8G0 71,958
8 32,000 21,700 22,200 21,900 21,600 21,700 21,900 71,650
9 22,000 22,200 21,800 21,800 21,700 21,900 21,900 72,900
10 22,400 22,600 22,700 22,600 22,500 22,700 22,600 73,150
1l 2L,800 21,600 21,800 21,900 21,400 21,800 21,700 72,500
19 21,6800 21,700 21,900 22,000 21,900 22,400 22,000 73,350

Laveocyia comnts (72) Erythroeyte commte {12)
mean 21,800 mean w0 F2,200 % 102)
8.p. = /76,300 = *4%0 8.0, = % 740 (x 109

Vo= £ 1,93% v w2 L,02%
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By 87

Mok pa;

Results of Feeeviment 13: Total Teucgeybe Counge: the Treors

of tho Hloctvonlie Meathed in Sammdes from ﬁifﬁereaﬁ_cata.

Mean counks of sgeparate dllutions
af 11900

Sam %g Moan & $,0, SR

& 1 e d ¢
1 20,800 21,900 21,500 21,860 22,000 21,600 t 484.9  2.24
2 4,300 4,600 4,700 4,260 5,100 44600 = 360.4  7.83
3 19,400 19,300 19,900 20,900 19,360 19,900 & 636.5  3.20
4 22,000 21,900 21,700 21,900 22,600 22,000 % 846,4  L.57
5 21,000 21,600 21,800 21,7200 21,200 21;400 £ 291,66 1,36
6 13,700 13,900 12,800 13,400 13,900 13,500 & 463,6  B.43

7 16,300 16,300 16,500 ¢ 16,600 16,6060 & 1517  0.99
B 21,400 22,500 21,200 21,100 21,400 21,500 * 565.7 2.63

9 23,000 22,600 22,400 21,700 22,400 22,400

I+
b
Lﬁ"
[+0}
»

3]
A
.

2

10 10,300 9,200 $,100 9,500 9,900 9,600 % 499,09 5,21

Counts greater than 10,000 were corrected for co~incidence loss.

% A false count which was ignored in the statistical amalysic,




analyple of voriance showed that the standard evror of a single cbservation

was 48 with a coefficient of variation of 3.16%.

These wegulis indicated that the electvonic method was highly aceurate,

irraspective of the blood sample used.

FRPERIMENT 14.

Between Techulelan Discrepancies in the Electronic Method of Ustimating the

Yotal Yeucacyte Count.

Thia experiment was deslgned to ascertain if there were significant

differences in technical errvors amongst three techuiclans,

Maierials and methods, RHach of three technleians prepaved two eeparate
1:500 sugpensions of well mixed blood plus EDTA 4n P.B.S. vhich had a koown
low background counit, At aperturs current IX and threshold 18, cach susw-
pension was counted eloctronically 10 to 15 mimtes afrer the addivion of
0.2 ml. of a 2% solution of paponin in distilied water. The actual counts
ware supervised by the techanlcian whe had prepared the spuspension and the
nean of two succesnsive counts was recorded., This procedure was carried out

cn 10 blood samples from diffevent cats,

Resulis and conclusions. The vesults of sach estimatior are given in

Table 88. The between technician discreponcies,which were derived fvom thio

data, ave shown in Table 89.

The mean percentage discrepancy between Technielan 1 and Techniclan 2

was 6.94% with a standard deviation of 4.69% ;t = 6.5, which is a statistically

glgnlflcant/
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gignd flecant diffevence ak the 0.31% level. Between Fechuiclan 1 and Technilcian
3, the mean percentage discéepancy was ©,53% with a standard deviatlon of

2.587% 3t = 0,089, wvhich is nokt statistiecally significant,

Tt was, thewefore, concluded that the ¢yxrers of the method between
Technlciang were wide enough to justify an esamination of individual technieal

performances for experimental purposes,

If those vesults ave cowpared to those in Experviment 7, it will be
obseyved that the differences in peprformences of Technlelans 2 and 3 vhen

compared to Technician 1 are now reversed.
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wpy 88

Exporiment 343  fhe Toeal Teucoeyie Couwnts of Gat Blood

With vhe Blockronic Mothod FEunloving Ehree Techmicians,

Total leucocyie Counta¥,

Technician 1 Techniclan 2 Tochnician 3
i dution Dilution Dilution Dilution -~ Dilacion pilution

A B | ¢ D B 7
18,100 186,200 17,900 18,500 17,500 17,509
32,300 31,500 28,200 27,800 | 31,;}3 32,000
16,400 16,300 | 14,900 15,300 16,000 16,200
12,600 12,900 12,100 12,200 12,900 13,300
2,300 9,700 5,300 9,600 9,600 9,400
13,200 13,100 12,500 12,800 13,300 12,800
19,000 19,900 wlﬁ,ﬁOO 19,400 19,700 26,000
26,200 26,200 22,200 22,500 25,900 26,500
16,400 16,700 14,600 15,000 16,500 17,500
16,900 16,700 16,300 16,450 16,300 16,300

% Qovrectad fov ocoincidence loga when necanunrw.




TABLE 8.9

Neperiment 14 Batween ‘l‘ec@_pﬁg‘;cian Dincrepancies in Tobtal

Louzopyin Counts on Oat Blood with the Electronic WMethad,

Between PTechnielan Between Teolmician
Discrepancilas Diserapancios
Technician 1 minue Fechnician 2 Technician 1 minua Technleian 3
gixg?c Ac%ﬁzf%zm% Ac%\fg%ﬁ& M% Ac&% Ac%mﬁ%
; 260 1. 3% '-.uz;;é | ~1,6% 600 3:3% 7G0 3.8%
) 2 4, 100 3&;.‘?% ” 3;80§ | J.;% | 1505{; --z~3,1% | «!:-00. :L.E%
W J 1,500 9.1% | iﬂesé 6,1% | &.@0- C2:4% 100 0.51%;
4 500 3.9% 700 3.4%  -300 w2 4% w£00 =31y
5 ﬂam 8.6% 1,100 13.3% 360 3.2% 300 3.1%
G 700 5, 3% 300 2.3% w00 40,75y 300 2+ 3%,
7 ] & 1% 500 2.3% =100 ~0,51% =100 a()', 5 .'?@,
8 4 Q00 r 15'. % 'l “ '3(9?(1{} lé:». 1% 400 i 1.5% F H: ;GD w1 3%
9 1,800 ‘1;,, 9% - 1,700 0.2% 100 «0,0ky «1,100 6, ﬁ%w |
10 600 3.6% “ 3@9 2..8% '3.09‘ 0.55% | 450 | 2;1;%




A

GENERAL DISCUSSION.

The traditlonal method of estimating blood cell counts has been shown to
be associated with high errors in routine use by Bevkson et 2al, {1940},
Howaver, provided that good techanical akill iz exervecised and lorge nunbers
of celle are counted to reduce the £ield exror, the method can be accurate,
This has been fully discussed by Dacie {1963) who demonairatad that the
errors in ¥outlpne counts of the erythrocyises were so high that the technigque
wag of llttle wvalue in routine work. 8o far as the total leucocyte count
is concerned, the high ewror, particulariy che high field error, doee not
warkedly affect its usefulness, since oaly quilte wide variaiions in thig

count are vecognised as being of value to the clinician.

In the traditional method, the wisk of techaiciang introducing sub-
cougedaus bias Inte the counts has been yascoguised and wag the subject of
a grivleal and statlsiical analysle of the data of earlier workers by

Berkoon et al, (1940).

Bias with the electvonlc method is nepgligible snd the much greatew number
of estilmations which can be attompted per hour makes 1t particularly desirvable
in laboratopies wheve groups of axpekimental animals are being bled at the

game Tima.

In calibrating the instyrument fow calt bived cells, it was found that
the Ingtrumeni sectings were lower than those recommended by the manufacturer
for huwan blood cells., This was probably due to the ralative diffevences in

glzes of blood celle in the cat and the huwman being.

(R



The error of the total exythroeyte couni was surprisingly low and
electronic connkg compared very well with those cobtained with the haemo-
pyiometer, However, there wag less agréement: between the visual and elec~
tronle total leucogyie counts, Since theve was good vepeatability in
alectronic toial leucocyte counts in suspensions from the seme hlood sample
apnd also a low ervor in counts with di€¢fevent blood sawples, even though
it was necessary Lo inbtvoduce a chemical subgtonce to cawse haecmolyeis,
it was agsuwned that the souyce of the erroy in the comparative counts was
due o the kuowa high technical and field ervors with the haemovcyiowetern
and also the facv that the comparison was less dirvect than the one uged

with the exythroeytas,

Although tho seouracy of the instrument ia high, there are differveunces
in performence between one technileian and anrother, Therefore, to ensure
that acguracy in the covnting method ds maintained duving an expeviment,
only one technicilan should be employed throughout, In thig geries of
experiments, technician 1 wes respousible for all the calibration experiments

and determination of techhical errors of the technlque,

Tha wesults of the experimente appeared to fulfiil the conditions lald
dowix for calibraiting the inastvoment,and it can thus be concluded that Sov
cai blood, the eleckvonic method ig accurate within the usval limitations

of bilological variation,

(Y
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Figure 1. Canine lymph nodes. The cut surfaces of nodes affected
with lymphosarcoma to fllustrate the gross variations

which may be found in the same dog.
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Figure 2. Cauinec lymph node. Slight infiltration beyond an intact

capsule, upper right, H, & E. x 300,

Figure 3. Canine lymph node. Severe infiltration into condensed

connective tissue above. Note the relatively intact capsule

and the heavy flooding of the subcapsular sinus, H. & E. x 150

281



282

b
L S )
4 .

~f

Magsive invasion of the perinodal area.

Canine lmh node.,

Figure 4.

A trace of the former

The clear spaces represent fat cells.

x 150,

H.& E.

capsule and cortex is present in the lower right corner.

Massive invasion of the perinodal area from

an affected node on the left, with lamination of the intervening
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\ Figure 5.




Figure 6. Canine lymph node. In the lower half, two tumour follicles
are couwpressing the intervening sinus which contains more mature
cells. Above the foci, a large sinus is being flooded with
tumour cells which are also infiltrating a trabecula, upper

right. H.& E, x 150.

Figure 7. Canine lymph node. A higher magnification of a tumour follicle
of Figure 6, to show the very large undifferentiated lymphoid

tumour cells. H, & E. x 500,

<83
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Figure 8. Canine lymph node. A cortical cell sheet is infiltrating

upwards into a sinus; above the sinus, there is severe ine

filtration of a trabecula. H. & E, x 300,
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Figure 9. Canine lymph node. A compressed vestigial follicle can be

observed below a thin intact capsule. H. & E. x 150.
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A cortical sinus heavily flooded with

Figure 10. Canipne lymph node.

H. & E.x150.

tumour cells, but still clearly visible.

Tumour cell infiltration of the medullary

H. & E. % 150,

e 11. Canine lymph node.
pegs and sinuses,
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Figure 12. Canine liver. Small metastatic lesions of lymphosarcoma can

be observed on the surfaces of all lobes. Part of the maian
lobe on the right has been sectioned to show the nodules in
the parenchyma. The hepatic lymph node is grossly enlarged

and has been cut to show the typical lymphosarcomatous tissue.
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Figure 13. Caninc liver. Tumour cell infiltration of the portal triads.
H. & Eo x 50.
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Figure 14. Canine liver. Higher magnification of Figure 13 to show the

diffuse infiltration of sinusoids and clone formation. H. & E. x 300.




Figure 15. Canine spleen: affected with lymphosarcoma. Note that its
edges are rounded, its profile is maintained, and the pulp

shows signs of groas hyperplasia of the Malpighian bodies.

Fipure 16. Canine splcen; affected with lymphosarcoma., There 18 a small
yellow infarct in the centre of the middle third, and a raised

tumour, probably a benign lymphoma, towards the right pole,.
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There are numbers of grossly enlarged and

re 17. Canine Intestines.

Fi

The spleen i3 not ene

tumified lymph nodes in the mesentery,
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Massive invasion of the mucous membrane
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Figure 19. Canine kidney. The fairly discrete tumour masses lie almost

entirely within the cortex,

Figure 20. Canine kidney. A typical massive lesion with wideapread

tubular and glomerular destruction. H. & E. x 50,



Ficure 21, Canine kidney. A focal lesion with central destruction of

tubules and peripheral interstitial infiltration. H.& E. x 150,

i :3‘-‘;.?«.&

Figure 22. Canine lung. A lesion of lymphosarcoma adjacent to a small

bronchiole. A few surviving alveoll are packed with darkly

stained lymphoid cells., H. & E. x 150,
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Fimre 23. Canine lung. Parts of two

lobes to show large discrete

tumours of lymphosarcoma.
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Figure 24. Caninc heart and lungs. There is a massive lesion of lympho-

sarcoma in the wall of the right ventricle, and smaller masses

in the right auricle,
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Figure 25. Canine heart. The edge of a large ventricular tumour mass

showing infiltration of the surviving muscle bundles at the

periphery of the lesion, H., & E, x 150,
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Figure 26. Canine heart. Widespread diffuse lamination of the muscle

bundles by streams of lymphoid tumour cells. H. & E. x 150.
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Figure 27, Canlne bone marrow. Diffuse infilcration with lymphold

cells. H. & E, x 300.

Figure 28. Canine bonec marrow. Marked hypexplasia of the myeloid

elements. H. & E, x 300,
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Figure 28. Canine lvmph node. A typical "immature' cell sheet composed

of lymphoblasts and occasional large lymphocytes. H.& E. x 500,

Figure 30. Canipe lymph node. "Mature"” tumour cell sheet composed mainly

of medium and mature lymphocytes. H. & E, x 500,

296



Figure 31.

Figure 32,
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Canine lymph node., "'Mixed" tumour cell sheet containing

examples of all forms of lymphoid cells. H, & E, x 500,
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Canine lymph node. Tumour cell sheet composed mainly of

large and medium lymphoeytes. H. & E. x 500,
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Figure 34. Feline lymph node. Llarge tumour follicles are compressing
the cortical sinuses. They and the sub-capsular sinus are
flooded with more mature lymphoid cells, but there is no

infringement of the tissue outwith the node. K. & E. x 100.

Figure 35. Feline lymph node. Tumour follicles are compressing the sube-

capsular sinus and tumour cells are activ ely invading the

capsule, cortical trabecula and the perinodal region. H.& E. x 100.
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Figure 36. Feline lymph node. A cortical sinus containing mature
lymphoid cells is being compressed between two tumour

follicles. H. & E. x 250.

Figure 37. Felinme lymph node. A tumour cell she~et which still retains

the outlines of its former follicular pattern. H. & E. x 100.



Figure 38. Feline liver. Marked invasion of the portal triads with diffuse

tumour cell infiltration of the sinueoids., H, & B. x 100.
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Figure 39. Peline liver. A higher magnification of the section above to

illustrate multinucleated and degenerating cord cells., H.& E. x 400,
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Large tumified Malpighian bodies outlined by

Feliue asplcen.

40,

s

¥ LRUL e

areas of erythropoiesis in the red pulp, case number 24308.

H. & E. x 30,

H. & E. x 100,

A higher magnification of the section above to

the expanding tumour follicles.

Figure 41. Feline spleen.
illustrate
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FPipure 42. Feline spleen, Tumour hyperplasia of the Malpighian bodies,

case number 25522. H. & E. x 30.

Figure 43. Feline spleen. A higher magnification of the section above to
show the sharp definition of the follicles. Note the peripheral

crescent of rather mature Lymphoid cells (arrowed). H.& E. x 100.
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Figure Feline splecn. A high magnification of the crescent arrowed
SLIBUTE bdh. LI

in Figure 43 to show the heavy infiltration of tumour lympho-

blasts into the red pulp on the right. H. & E. x 400.

Figure 45. Feline small intestine. There ig marked tumour cell invasion
of the mucous membrane with distortion and destruction of the

glandular elements. H. & E. x 100,
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Figure 46. Feline small intestine. A typical cell sheet in a tumour mass

showing many lymphoblasts, scattered reticulo-endothelial amd
dormant stem cells with a background of maturer lymphoid cells.

H. & E. x 400.

Figure 47. Feline kildney. Heavy tumour cell infiltration of the cortex

with dissociation and destruction of tubules. H. & E. x 100.



Figure 48.

FPigure 49.
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Eeline lvmph node., A tumour cell sheet composed of more

mature lymphoid cells. H. & E, x 400.
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Figuve 50. The corvelation bebween total srythrocyte
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Figure 51. Blood film of cat 19377/10. There is a large lymphocyte,
top left, a wmedium lymphocyte, centre right. The other

leucocytes are neutrophils. Leishman's stain x 500,

Figure 52. Blood film of cat 19377/10. Llobulated large lymphocytes are
present, extreme left and extreme right, together with 2 neutro=-

phils. Leishman's stain x 500.
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Figure 53, Blood film of cat 19377/10. A large lymphocyte. Leishman's

stain x 1,000.

Figure 54, Blood film of cat 19377/10. A large lymphocyte. Leishman's

staian x 1,000
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Figure 55. Liver of cat 19377/9. Note the large multinucleated hepatic

cord cells and compare them with the cells of a field case in

Figure 39. H. & E. x 500,

Figure 56. Cat 19377/10. Note the grossly enlarged spleen and the mesenteric

lymph node mass.
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Figure 57. Cat 19377/10. Note the enlarged mesenteric lymph node,

Figure 58. Cat 19377/10. Harkedly enlarged and tumified lymph nodes in

e —

the mesentexry of the large intestine.
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A cross section of the spleen to illustrate

Figure 59, Cat 19377/10.

the hyperplastic Malpighian bodies.

H. & E. x 150,

The mesenteric lymph node to show the massive

tumour follicles which are forming cell sheets and pressing
against a relatively intact capsule.

Ccat 19377/10.

Figure 60.




Figure 61. Cat 19377/10. The tumour cell sheet of the mesenteric lymph

node., H.& E. x 500,

Figure 62. cCat 19377/10. A tumour nodule in the lung. H. & E., x 150.
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Figure 63. Cat 19377/10. A low power section of the groesly infiltrated

spleen. H. & E. x 500.

Veda . . _ . 43
Figure 64. Cat 19377/10. The bone marrow showing cells similar to those

in the lymph nodes. H. & E. x 500,



Figure 65,

310

Cat 19377/11. Section of an enlarged lymph node,

Figure 66.

Cat 19377/11. The histological appearance of the mesenteric

lymph node showing loss of f>llicular pattern, flooding of
the subcapsular sinus and cell sheets streaming towards the

medulla, H. & E, x 150.
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Figure 67, Cat 19377/12. Lymph node showing the breakdown of a germinal

centre and flooding of the subcapsular sinus with pale immature

cells. H, & E. x 150,

.

Figure 68. Cat 19377/12. Early changes in the Malpighian bodies. Note

that the corpuscle on the right appears to be budding from a

condensed vestige of a former corpuscle. H. & E. x 150.
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Figure 69. Cat 19377/10. A typical tumour cell as observed with the

electron microscope.

Figure 70, Cat 19377/10. The virus-like particle found im the tumour cells,
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Figure 71. Cat 17457/2, Part of the submucosal tumour mass, H, & E. x 300.

Figure 72. Cat 17457/2. The mesenteric lymph node showing capsular in-

filtration and early brealldown of follicles with streams of

cells passing towards the medulla. H. & E. x 50.
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Figure 73. cCat 23510/54, A lymph node showing flooding of the 8inuses,

d. & E, x 300,
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Figure 74. cCat 23510/54,

Another lymph node showing flooding of the
slnuses, H. & E. x 300.
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Figure 75. cCat 22868/22.

The bone marrow cell sheet. H., & E, x 150,

Figure 76. Cat 22868/22,

The bone marrow to show the large undiffer-

entiated lymphoid cells which are present in high numbers,
H. & BE. x 150.




ot

% 50.

& E.

Tumour follicles in the spleen. H,

368/25.
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Figure 77.

Cat 228656/25. A higher magnification of a follicle in the

re 78.

Fi

H. & E, x 150.

spleen.




Figure 79. Cat 22868/25. The relatively uniform and immature lymphoid

cells in the splenic follicles. H. & E. x 500.
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Figure 80. Cat 23908/45. A Malpighian corpuacle in the spleen to show

the peripheral hyperplasia end formation of lymphoblasts which

are already entering the red pulp. H. & E. x 300.
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