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ABSTRACT 

Malignant lymphoma is the general term applied to any neoplast ic  

disorder of lymphoid t issue , including Hodgkin ' s  disease and ret iculum 

cell sarc oma. This group of neoplasms are among the most commonly 

occurring spontaneous neoplasms of sheep in New Zealand , be ing 

exceeded in frequency only by carc inomas of the small  inte.st ine and 

primary neoplasms of the l iver . It has not been established whether 

malignant lymphoma is of sporadic  or enzootic occurrence in this 

country , but from limited epidemiological observations in wh ich on two 

occasions the disease was seen in two animals from the same property ,  

it  is possible that the latter distribution oc curs . This and most 

other series indicate that mature sheep are most frequently affected 

but the disease does oc cur in younger sheep and lambs . 

A study has been made of the pathology of ovine malignant lymphoma , 

based on 22 cases , most of which were collec ted from sla�ghter-houses 

and histological materia.l from a further 18 cases filed previously at 

this laborat ory. In nearly all cases nodular or diffuse lesions , con­

sist ing of accumulat ions of invasive neoplastic cells of lymphoid origin , 

were distributed widely throughout the body. Gros.s evidence of  tumour 

in the lymph nodes was present in all except three cases of the 

disease . This involvement was usually mult iple, with many of the 

carcass and visceral lymph nodes c ontaining tumours . The spleen con­

tained neoplastic lesions in 73 per cent . of  the cases examined . Of 

the non-lymphoid organs affected by malignant lymphoma, the l iver , 

kidney , bone marrow , heart, small intestine and abomasum predominated . 

Of the 40 cases examined , 37 were classified as lymphosarcomas and 

three as ret iculum cell sarcomas. The degree of cellular different­

iat ion in the lymphosarc omas varied fr:.>m primit ive ly:nphoblastoid to 

;..rell differentiated lyrrrphocyti.c cell types, with the less 



differentiated forms being more common. Some nuclear and cytoplasmic 

abnormalit ies which have previously been described as being non-specific  

in other types of  neoplasms were seen in  specimens from 10 cases which 

were examined with an electron microscope . 

Support for the hypothesis that "malignant lymphoma of sheep is 

transmissible" was sought by att empts to experimentally transmit this 

disease to lambs using intraperitoneal injec t i ons of c ell-free tumour 

extracts during gestat ion or within 12 hr of b irth . To date none of 

these sheep , which are only three years old , have developed overt neoplasia 

but 20 of them have developed elevated numbers of c irculating lympho­

cytes.  This has persisted for periods of  two years or  more and there 

is evidence to indicat e  that this should be interpreted as a preclinical 

phase of  malignant lymphoma. 

To invest igate an hypothesis that malignant lymphoma of sheep is due 

to infect ion by an oncorna virus , electron microscopic examinations 

were made on specimens from fresh tumour as well as on preparations from 

tissue cultures which had been inoculated with various ovine lymphoid 

tumour homogenates . These studies were inconclusive and it  was not 

until  cultures of phytohaemagglutinin-stimulated lymphocytes derived from 

the sheep with experimentally transmitted lymphocytosis v1ere examined 

that virus-like particles , consistent with the morphology of "type-A" 

oncorna v iruses could be demonstrated. They 1vere present in membrane­

limited vacuoles and cytoplasm of these cells and less frequently extra­

cellularly in the five experimentally inoculat ed sheep examined but were 

not present in any of the lymphocyt es from an equal number of control sheep. 

Lymphocyte cultures from 15 of the experimentally inoculated sheep 

showed sensiti zati on to antigens in ovine malignant lymphoma homogenates 

when test ed by a macrophage migrat ion inhibit ion t est . This t est also 



demonstrated the presence of common tumour spec i fic antigens in five 

of the six tumour extracts used e::.ther for sheep inoculat ions or in 

t esting for macrophage inhibit ory factor production . 

In an attempt to accelerate the development of overt neoplasia 

in three of the experimentally inoculated animals showing a persistent 

lymphocytosis , they were given a combined course of the immuno­

suppressive agent s  azathioprine and horse ant i-sheep lyrnpho cyt e 

globulin . This res1.:.lted in a profound fall in circulat ing lymphocytes 

and while the cell mediated immunity  was suppressed , as judged by the 

survival of skin allografts ,  macrophage migrat ion inhibition in 

response to tumour ant:i.gens was not significantly altered in two of 

the three animals under treatment . 

A close relat ionship was demonstrated in the experimentally 

inoculated sheep between the occurrenc e of lymphocytosis , the develop­

ment of turriour speci.fic cell mediated immunity and the presence of 

virus-like particles in phyt ohaemagglut inin--st imulated lymphocytes . 

This  evidenc e combi ned with the demonstrat ion of common apparently 

tumour spec ific ant igens in mal ignant lymphoma extracts used in these 

studies provides strone; support for the hypothesis"that this disease 

of sheep is transmissible and is most probably due to an infect i on 

with an oncogenic virus" . The e>..-ploitat ion of the sheep model described 

is of pot ential value for the comparat ive study of preneoplastic events 

in the general field of c:mcer research . 



CHb.PI'ER 1 

NBOPLASIA IN SHEEP AND CO�lPARJ\TIVE ASPECTS 

OF THE F.PIDE�liOLOGY OF Hf\.LIGNfi.N'I LYt'iPHO.tv!A 

I. NEOPLASIA IN SHEEP 

The literature concerning neoplasia of sneep has previously been 

reviewed from this latoratory (Simpson, 1971) and is summarized in an 

updated form in Table 1.I. The majority of information has been 

obtained from sheep kjlJ.ed in slaughter-houses. With certain 

exceptions it would appear that there is a generally low prevalence 

of neoplasia in sheep. Of the more com�only reported neoplasms 

(Table 1.II) sorr.e are associated w:;.th knmm aetiologice.1 agents or 

environmental factors which imply aetiological significance. This, 

coupled with the overall apparently low prevalence of ovine neoplasia , 

makes the sheep an interesting and valuable model for cancer research . 

Rather than again revieH ovine neoplasia in dept;h, O!cly the �ore 

importar;t neoplasms of sheep and their significa11.ce \Jill be outlined . 

Carcinoma of the Small Intestine 

Before 1960, carcinomas of the small id·estine of sheep had been 

reported only occasionally. Since that time it has been shown that 

this neopl2.zrn is commonly seen in sheep in New Zealand (Dodd, 1960, 

1964; Cock, 1964; \v�bster, 1966, 1967i Simpson, 11)7'1, 1972a, 1972b). 

The only other J.ocalities outside Nev Ze:aland in which relatively large 

numbers of carcinomas of the small intestine occur are Aust ralia 

(McDonald and Leaver,19G5) � Scotland (No;�val, 1968, cited by Simpson , 

1971) and Iceland (Georgsson and Vigfusson, 19?3). Simpson (1972a) 

examined the viscera of 35,300 ewes killed in 10 slaughter-houses ir.. 

seven geographic areAs of New Zealand during 1967 and 1968 and recorded 



TABLE 1.I 

The relative f:req�ency of the m?re c��_:;110nl;y occurring 

neo .. E}asms of sheen dial£losed J::.Y- various R-�!:hors 

Primary 
liver l"aLi.t;n'3.nt 

Reference tumours lymphomas 

St icker (1902) (1) 
5 

Feldman ( 1931) 5 

Jackson ( 1936) 3 

Honlux, Anderson 
and Da vis (1956) 8 

Cotchi!1 (1960) "12 

Smith and Jones 
( 1961) 17 

Brandley and 
Higaki ( 1963) 8 
Hanktelow (1963) (2) 38 

Sastry and 
Twiehaus (1965) 0 

. . ( "2:) Webster (1966) / 27 

Webster (1967) (3) 
34 

Anderson,Sandison 
and Jarrett ( 1969) 33 

Cordes and 
Shortridge ( 1971) 12 

( 1) Cited by Feldman ( 1931) 

(2) Personal con�unic ation 

1 

4 
4 

20 

10 

14 

1 1 

19 

3 

23 

7 

44 

39 

Carcinoma 
Cartilag- of the Squamo·us 
inous smalJ. cell 
tumours intest ine carr;inorr.a 

0 0 

2 0 2 
0 1 

3 1(4) 1 

2 1 (lr)  1 

1 2 16 

3 0 

1 20 3 

2 2(4) 1 

2 63 
2 339 

3 1 

0 143 3 

2 

Total 
tumours 
exa'llined 

7 

40 

28 

66 

38 

1 29 

34 
1 00 

1 0  

120 

385 

1 07 

256 

(3) The lesions described as "spleen tumours" are omitted from this table because 
they were shown subsequently to be hyperplastic rather than neoplastic 
(Jolly, 196?). 

(lJ.) The primary .si ce of these lesions weTC r.ot state::l_ c-u.d they could have arisen 
in the large intestine. 



TABLE 1. II 

Miscellaneou�::; Nabu·allv Oc:c.urri��eo_:E!.asms of 

Sheep Diagn o::.ed b;y V ctri ow:: .Authors 

Anatomi cal Reg ion 

Mouth 

Oesophagus 

Ret iculum 

Rumen 

Abomasum 

Omasum 

Small intestine 

Large intest ine 

Ducts of Liver/ 
Pan creas 

Pa1·1crea s 

L iv er 

P eri tonec.tm 

Tumour Type 

Gingival fibroma 

Papi ll oma 

Squamous cell c arcinor.1a  

Leiomyosarcoma 

Leiomyosar c oma 

Acanthoma 

S quamous cel l  carcinoma 

Adenomatoid hyperplasia 
of Brunner' s glands 

f,denocarc inoma 

Cystad en oma of rec tum 

Squamous c ell carc inoma 

Ductal Aden ocarc inoma 

Carc inoma 

Angio.sarsarcoma 

Teratoma 

i'1esotllelioma 

No  of 
Cases 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

15 

1 

5 

1 

Mesotheli oma 1 

Carcinoma taken to  be of 1 
peritoneal oritin 

-�--------------... ---··-.. ·-�·-·------------

3 

Reference 

L ombard and 
.Gaubert ( 1 959) 

And erson , 
Sandison and 
J arrett ( 1 969)  

Georgsson ( 1 973) 

Sastry and 
THeihaus ( 1 965) 

Smith and J ones 
( 1961 ) 

Jackson ( 1 936 ) 

Hanko ( 1 947) 

Jackson ( 1 936 ) 

Hea d  ( 1 953) 

Nobel , Neumann 
and Klopfer 
( 1 970) 

Cordes and 
Short  ridge 
( 1971) 

Cordes an d 
Short ridge 
( 1 971 )  

Jackson ( 1 936 ) 

Cordes  and 
Shortridge 
( 1 971 ) 

Arora and I yer 
( 1 969) 

Plummer ( 1 956 ) 

Damodaran and 
Parthas arathy 
( 1 972 ) 

( 1 )  Saini (19�1) 



Tabl e 1 .  :tr c ont inued 

Anatomical Region 

Digest ive organs 

Lung 

Mammary glan.d 

Uterus 

Ovary 

Female )."�pr oduct­
iv e system 
( unspec ified) 

Testis 

Tumour 'l'ype 

Maligr..a.nt f ibromcot or 
sarcoma 

Carcin oma 

Mul t iple c ystadenoma 

V isceral m esotheli oma 

Rhabdomyoma 

Haemangioendothel io'lla 

F ibrosarc oma 

Carc inoma 

Adenoma 

Leiomyoma 

Smooth muscle tumour 

Fibroma 

Chondroma 

Adenocarc inoma 

Granul osa c ell tumour 

Leiomyoma 

Intratubular s eminoma 

Seminoma 

No of 
Cas es 

2 

1 

4 

Reference  

Brandly  and 
Migaki ( 1 963 ) 

Schutz  ( 1 880) ( 2 ) 

1 Eber ( 1 891 ) (2 ) 

1 Besno i t  ( 1 895 ) 
(2) 

1 St icker ( 1 902 ) 
( 3) 

1 Jacks on 
"( 1 936 ) 

2 Brandly and 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

Migaki ( 1 963 ) 

Feldman ( 1 931 ) 

Feldman ( 1 931 ) 

Day ( 1 922) 

Smith an d Jones 
( 1 961 ) 

Plummer ( 1 956) 

\.J ebster  ( 1 966 ) 

Manktelow ( 1 963 ) 
( 4) 

F eldman ( 1 931 ) 

Anders on and · 

Sandis on ( 1 969a) 

And erson and 
San dis on . ( 1 969b) 

S astry ( 1 959 ) 

Terlecki and 
Wats on ( 1 967) 

Casarosa ( 1 950 ) 
( 1 ) 

5 Sm ith and Jones 
( 1 961 ) 

3 Co rdes an d 
Short r idge 
( 1 971 ) 

1 

5 

2 

Brandly  and 
N igaki ( 1 963) 

J ens en and Flint 
( 1 963 ) 

Shortridge ( 1 962 ) 

Continued 



Table 1 . II cont inued 

Testis (continued) 

Kidney 

Skin 

Sertoli cell tumour 

Haemangioma 

Adenoma 

Carc inoma 

Carc inoma (renal pelvis) 

Embryonal nephroma 

Haemangioendothelioma 

Helanoma 

F'ibrom& 

1 

1 

1 

4 

5 

Shortridge ( 1 962)  

Smith and Jones 
( 1 96'1) 

E'lir ( 1 952-53) 

Sandison and · 

.\nderson ( 1 968b ) 

2 Smith and Jones 
( 1 961 ) 

1 Cordes and 

2 
2 
1 

Short ridge 
( 1 971 ) 

Webster ( 1 966 ) 

J ackson ( 1 936) 

Pamucku ( 1 956 )  

1 Brandly and ·· 

M igaki ( 1 963) 

2 Mankt elow ( 1 963) 
(4) 

3 Cordes and 
Short ridge 
( 1 971 ) 

1 Harc ourt and 
Spice  ( 1 968) 

1 E�ldman ( 1 933) 

3 Flir ( 1 952-53) 

1 Webster ( 1 967 ) 

2 Smith and Jones 
( 1 961 ) 

1 Flir  ( 1 952-53) 

2 Smith and Jones 
( 1 961 ) 

1 Lund (1 923) ( 1 )  

1 Baxter ( 1 960) 

1 Sastry and 

1 

1 

1 

Tweihaw;; ( 1 965) 

Anderson , 
Sandison and 
Jarrett ( 1 969) 

Jackson ( 1 936 ) 

Head ( 1 953) 

1 Brandly and 
Migaki ( 1 963) 

2 Cotchin (1 960) 

Cont inued 

/ 



Table 1 II  c ont inued 

Ar..atomical Region 

Skin (continued) 

Eye 

Lacrimal 

Nervous syst em 

Ant er i or pituitary 

Thyroid 

Tumour Type 

Fibropapilloma 

Papilloma 

Cornu cutaneum 

Lipo!Tla 

Adenocarcinoma ( cystic 
typ e )  

Capi1lary haemangioma 

Helanoma 

A denocarc inoma of 
accessory lacrimal 
glands 

Neurofibrosarcoma 

Tumours (unspecified) 

Lipoma of meninges 
(congenital ) 

Benign neurofib�oma or 
neurolemmoma 

Hening::_oma 

Adenoma 

Adenoma of pars inLPr­
media 

Carcinomn 

Adenoma 

No of 
Cases 

5 

1 

1 

.., I 

4 

1 

1 

6 

Reference 

Head (1 953 ) 

Cotchin ( 1 960) 

J·ames , Rao and 
Sastry ( 1 967)  

Manktelow 
( 1 963 )  ( 4 ) 

Cordes and 
Short ridge 
( 1 971 ) 

Jackson (1 936 ) 

.rvlanktelow 
(1963) (4 ) 

1 Smith and · 

1 

1 

1 

1 

Jones (1 961 ) 

Feldman (1 931 ) 

Dav is (1 935) 

Cotchin ( 1 960) 

H icheletto 
( 1 968 ) 

1 Smith and Jones 

1 

2 

1 

1 

1 

1 

1 

1 

( 1961 ) 

James , Rae and 
Sas t�y (1 967)  

Davis , L eeper 
and Shelton 
(1 933) 

Jackson (1 936 ) 

Brandly and 
M igaki (1 963) 

Pivnik (1 968) 

Casarosa ( 1 950b ) 
( 1 ) 

Cordes and 
Short ridge 
( 1 971 ) 

Feldman (1 931 ) 

3 Jackson (1 936 ) 

1 

1 

Sandison and 
Anderson (1 968a )  

Nobe l  and 
Neumann (1 960 ) 
(5)  

C ont inued 



Table 1 . IIcontinued 

Ana iomical Region 

Thyroid (c ontinued) 

Adrenal 

Bone 

Connective tissue 

'l'umour Type 

Tumour (unspec ified) 

Carc inoma of c ortex 

Adenoma of cort ex 

Benign adrenal medullary 
tumour 

Pheochromocytoma 

Carcj.noma ( unspec i fied) 

Adenoma (unspe c ified) 

Osteoma 

Osteosarcoma 

Fibrosarcoma 

Fibrobl�st ic  tumour 

Fibrolipoma 

Lipoma 

L iposarcoma 

Mixed cell sarcoma 

RhabdoJnyomc;_ 

No of 
Cases 

8 

1 

9 

1 

1 

1 

7 

Reference 

Smith and Jones (1 961 ) 

Davis , Leeper and 
Shelton (1 933) 

Feldman (1931 ) 

Sandison and 
Anderson (1 968a )  

Feldman ( 1 9.31 ) 

Cotchin (1 960) 

1 Cordes and 

'1 

1 

8 

1 

1 

1 

Shortridge (1 971 ) 

Brandly and Migaki 
(1 963) 

Sandison and 
Anderson (1 968a )  

Davis ,  Leeper and 
Shelton (1 933) 

Davis , Leeper and 
Shelton (1 933) 

Jackson (1 936 ) 

Cotchin (1 960) 

1 Feldman (1931 ) 

4 \o/ebster (1 966-1 967) 

1 Manktelow (1 963) (4 ) 

1 

Cordes and 
Shortridge (1 971 ) 

Jackson (1 936 ) 

1 Feldman (1 932 ) 

4 Cordes ru�d 

3 

1 

1 

1 

1 

3 

1 

Shortridge (1 971) 

Anderson and 
Sandison ( 1 969b )  

Jackson ( 1 936 ) 

Ander.son and 
Sand�non ( 1969b ) 

Cordes and 
Shortridge (1 971 ) 

Jackson (1 936 ) 

Jackson ( '1936 ) 

Cordes and 
Shortridge (1971 ) 

Feldman (1 932) 

Continued 



Table 1 . Ilcont inued 

Connect ive t issue 
( cont inued ) 

Thymus 

Heart 

Brachioc epha lic 
trunk 

Hock ,Joint 

St ifle Joint 

Rhabdomyosa.ccorr;a 

Haemangioendothelioma 

Haemangioma 

Lymphangioendothelioma 

Thymoma 

Carc inoma , ( probably of 
Hassell ' s  corpuscles ) 

Thymus tumour 

�1al ig:Jant thymic tumour 

Sarcoma 

Fibrosarcoma 

Fibrol ipoma 

L ipoma 

Osteosarcoma 

Rhabc�ornyosa.rc oma 

Ch emodectoma 

.. 4.ngiosarc oma 

Angio.sa:cc omo. 

1 

8 

Collet , Collin and 
Flachat ( 1 952-53) 
(6 )  

1 Smith and Jones 
( 1 961 ) 

1 Na"YJ.ktelow ( 1 963) ( 4 ) 

1 Harcourt and Spice 

2 

1 

1 

1 

1 

( 1 968 ) 

Anderson and · 
Sandison ( 1 969b) 

Webst er ( 1 967)  

Anderson and 
Sandison ( 1 969b) 

Cordes and 
Shortridge ( 1 971 ) 

Santos and Costa 
Durao ( 1 965)  

2 Brandly and 
Migaki ( 1 963) 

1 Anderson , Sandison 
and Jarrett ( 1 969)  

1 Cordes and Shortridge 

1 

1 

1 

1 

( 1 971 ) 

Feldman ( 1 931 ) 

Davis ,  Leeper and 
Shelton ( 1 933 ) 

Nyka ( 1 929 ) 

Cotchin ( 1 960) 

Misdorp ( 1 962)  

1 Webster ( 1 966 ) 

1 Smith and Jones 

1 

1 

1 

1 

3 

1 

1 

1 

( 1 961 ) 

Webster ( 1 966 ) 

Manlctelow ( 1 963) ( 4 )  

Hisdorp ( 1 962 ) 

Hankt el. o\or ( 1 963) 

Cordes and 
Shortridge ( 1 971 ) 

Ito �t al ( 1 971 ) 

C01·des a,."l.d 
Shortridge ( 1 971 ) 

Cordes a.nd 
Shortridge ( 1 971 ) 

Cont inued 



Table 1 I I  cont inued 

Anatomical Region 

Central nervous 
system 

'J�umour Type 

Astrocyt oma 

Cerebral meningioma 

Peripheral E crvous neurofibroma 
system 

Unknovn1 origin En(; ephaloid tumour of 
chest 

Carc inoma 

Adenoma 

( 1 ) Cited by Cotchin ( 1 956 ) 
(2) Cited by Goldberg ( 1 920 ) 
( 3) Cited by Feldman ( 1 931 ) 
( 4 ) Personal communice.t ion 
( 5 )  Cit ed by Anderson and Sandison ( 1 968a) 
( 6 )  C ited by Harcourt and Spice ( 1 968 ) 

No of 
Cases 

1 

1 

1 

1 

1 

7 

9 

Reference 

Cordes and 
Shortridge ( 1 971 ) 

Piv:nik and 
Frankhauser ( 1 971 ) 

Cordes and 
Shortridge ( 1 971 )  

Crisp ( 1 867)  

Savage and Isa ( 1 955)  

Nobel , Neumann and 
Klopfer ( 1 970) 
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269 c arc ino:nas of the s;c1a.ll int e.st ine . Analysis of his data showed 

that British breed &wes had a sign ificant ly higher preval enc e of this 

neoplasm tha� did Merino , Merino-cross or Corriedale ewes . In the 

former group the prevalence varied  from approx�mately O o 9  to 1 . 5 per 

c ent . , ·while the prevalenc e in the latter "finewool" breeds was 0 . 2  

to 0. 4 per cent . In Simpson ' s  study a posit ive relationship was found 

between tumour prevalenc e and sheep stocking rat es in areas from which 

the inspec t e d  eives originated , but whether this was due to an effect 

of stocking rate per se , or whether it was due t o  some other factor 

related t o  intensity of farming such as soil type or fert ility , c limate ,  

use of fert ili zers , agr icultural chemicals or animal remedies , pasture 

or weed spec ies , c ould not be determined (Simpson , 1 972b ) . The gross 

pathology of carc inomas of the small intest ine based on the examina­

t ion of a series of 450 cases ( Simpson and Joll y ,  1 974) was of remark­

able uniformi ty . The histoloGical appearance of these neoplasms was 

also very similar , toth in the morphology of the neoplast i c  c ells and 

in the degree of format ion of stroma. The appearance of two predominant 

c ell types in each neoplasm was c onsidered to reflect the origin of 

these tumours from a relat ively undifferent iat ed c ell  type in the 

crypts of LieberkuhYJ . Simpson and Jolly fo,;.nd that the primary site 

of tumour formi'it i on was in the j E: junum and ileum , with a maximum 

frequency about the mid-port ion of the small intestine and decreasing 

toward e ither end . In none of the tumours examined by them wer e  

primary tumcmrs se en in the duodenum , :vhereas · 1 0  per c ent . of the 

primary lesions seen by Cordes and Shortr idge ( 1 971 ) were repoYted at 

that site . Tte :attcr  authors cons id(�red -�1--J at these carc inomas arise 

init ially from lumina1 papi llamas , bu t 0imps on a.nd Jolly argued that 

the polyps seen in the ir sturl.y were the result of growth of neoplastic  

t issue following invasion o f  the  submucosa rather than the init ial 

site of aco:r;las t � c t r3.n cfn r!nat i o n .  S cc o n G :.;.r�,r s_p:cead of tu.mours was 
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most c ommonly via lymphe.t i c  ve.ssels , by bo th me tastas is and permeation 

and by trans c oelom i c diss eminat i on o.f neoplast i c  c ells or haematogenous 

spread in ad'.ranced c ases . 

Sheep Pulmonar;y A_?enomatosis ( Jaagsiekt e )  

'l'his disease is pri mar ily an adenoma.t ous c ondit ion of the lungs of  

sheep Hhi ch may metastas i ze to other organs o f  the body , such as the 

t horac ic ly mph nod es , pleura , perit oneal cavity , l iver , spleen , 

kidney , myocardium and skel etal musc l e . Clinically , affec ted  sheep 

show dyspnoea and progr·essi ve vlast ing , leading to  death . The disease 

may c onst itute a s e r i ou.s so llrc e  of s t o c k  lor;ses in affected flocks . 

Pulmonary adenomat os is of sheep has been the sub j ect of  a comprehensive 

revi ew by Wandera ( 1 971 ) .  It has been recognized at least since the 

turn o f  the century and report ed from Per·cl , Chi le , Iceland , United 

Kingdom , much of Europe ,  Southern Russia , Israe l , India , Kenya ·, 

Tanzania , S01.1th We st Africa , South Africa and the U . S . A .  

'l'he transmissible n ature o f  she ep pulmonary adenomat o s i s  was 

susp8c t ed by Robert son ( 1 904 ) and Cowdry ( 1 925a ond b )  and has s ince 

been p:coved in a number of laboratories ( Si gurdsson , 1 958 ; Harkson and 

Terlecki , 1 96Lj- ; Enchev , 1 966 ; Cuba-Caparo , de la Vega and Durand , 

1 967 ; Wandera ,  1 96 8 )  using c e ll- fre e and bac ter ia- free preparat ions 

injected into suscept ible she ep . Micro organ i sms which have been 

det e c t e d  in assoc iat i on with spont an e ous cases of the disease or in 

t issue cultures inoculat ed with tumour mat er ial include }1Y._goplasmas� 

Chl�dia ( Krauss , \-Jandera and Lauerman , 1 971 ) and viruses . Recently 

Halmquist et <.'-l_. ( 1 9'72 ) demonst ra t e d  two t ypes of virus in tumour 

t issue from she ep in l(enya . One was ident i f i e d  as Maedi virus and 

the other as a ��YY._?� virus . The latter \·JaS morphologi 8ally s imilar 

in e l e c t r on nJi c ro G c o p i c  studies t o  t hat i s o l a t e d  by Smi th and Mackay 

( "1 969) , bu t gav e r i Fl e  t u  d i ss i m i la.r cyt.orathic: effec t s  in fibrcblast i c  
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cell c ul t ures . Howe ve r the c y topathic e ffec ts reported in the wo rk of 

Smi th and MacKay were seen in cultures derived from alveolar macrophages 

and the morphologicc:l ··raria t ion in :�:·e spor; se t o  the virus may have arisen 

from differing propert ies of the c omponent cells in the two culture 

systems . 

Hepat i c  Neoplasm� 

Primary tumours of the liver in sheep are amongst the most commonly 

reported ovine tumours . The most frequently reported histological form 

appears to be that deriv8d from the hepatocyt e and these have been 

recorded by various authors as liver carcinomas and hepatoblastomas . 

The latter name has been suggested by several authors ( Frenkel , 1 927;  

Nunes Pest ica. ,  Paz Ferreira and Carvalho Valera , 1 961 ; Nankt elow ,  1 965 ) 

largely on the basis of the presence of the foc i of haematopoietic  cells 

in these tumours . 11anktelow found further suppor t for an embryonic 

origin of these tumours by their demonstrat ion in newborn lambs . 

Metastases are infrequently reported , but usually involve port a-hepatic  

lymph nodes or  lu:1gs . Tumour.::; arising from bile  duc t  epithelium form 

a smaller group of primary tumours of the l iver . 

In a survey of tumours affec t ing the 1 i  ve :c cor.ducted in this 

laboratory at the beginning of this pr esent study ( <Tolmst one , unpublished 

data) , the livers of 1 36 , 1 64 mature sheep and 222 , 682 lambs killed in 

slaught er-houses were examined . A t otal of ?6 neoplasms were found of 

whi c h  15 were classified as hepatob1astoma.s , three as bile duc t  carc inomas , 

two haemangi osarcomas , four lymphosarc omas and two mastocytomas . Since 

the report o f  the two cases of mast ocytoma ( Johnanne , 1 972 ) a further 

two cas es of this neoplasm have been exami ne d  in this laboratory. In 

addit ion to  the l :. -,rer n. e op1Clsms , four vaf>eula.r ::..esi ons believed t o  be 

hamartomo..s were not ed  in t h e  survey . 

f{eopl&sia of  the Ol fnc tox:.:�Hu c o_� 

Neoplo.sms :iri s ing in th'-' c;l fo.c L c ry etEd eth�oid  regions of the 
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nasal cavity ,  vari ously classified  as adenopapillomas and adenocar-

c inoma.s , have o c curred in ou tbreaks affecting several sheep in 

individual flocks of  sheep in Europe , the U . S . A . and South Africa.  

The aet i ology of these tumours and whether or  not  they represent a 

single b i ol o gical ent ity is uncertain . In the cases invest igated  by 

Young _et r::l· ( 1 961 ) gene t i c  fac t ors did n o t  app ear to  be o f  primary 

importance becau s e  several breeds of sheep Here affected on the same 

property .  Cohrs ( 1 953 , c it ed by Young e: a�. ,  1 961 ) was able t o  

transmit this tumour to  other sheep us ing a cell- free prepara_t i on of 

the neoplasm.  Similar attempts by Duncan et al . ( 1 967 ) were unsuccess-

ful .  In bvo of five sheep fed ground nut meal c ontaining aflatoxin 

for f ive yeo. l'G , neoplasms of the nasal cavity developed (LevJis , Harkson 

and A l l c r oft , 1 967 ) . One of these was a chondroma and the other was 

described as a muc ous adenoma with osteomat ous different iab_ on in the 

stroma . 

Squamous C�l l  Carc i n oma o f  t h e  Ex:e.£sed Skin 

Squ amous cel l carc inomas arising from the ski n of the ears , muzzle 

and perineum are wel l  rec oznized tumours of sheep . They are most 

frequently observed in geograr,hical areas which experi ence high l e vels 

of exposure to sunlight , e . g . Australia.  Lloyd ( 1 961 ) c onsidered that 

sunlight is the major aet iologicc: l  factor in these c3.ses and this seems 

reasonable in view of the known carc iEogenic a c t ivity of  ultra-violet 

light ( Hueper , 1 957) . Other c auzes of chron i c  granu lat ing lesions such 

as ear-mark wour:ds and penetr·at i cn of ears by thorns have also b e en 

suggesi: ed as a cause of t h e  tu mour . Lomb8.rd and Magnol ( 1 973 )  have 

reported increased frAquenc y of this ne opl asm i� sheep of the Berrichon 

breed ::n France and have r;ugr;esteJ. t hat the degree of inbreeding in the 

part icu lar fl ock examined was o f  a et i ologi c al importance .  

111}, � c.- ,_::. ·I· 1 1 Yr ,..., l ,.,, �  .-. v-. r� -.-. .-, -. . .... . · ·.·u-... -.. ....... 1... � "'• ....,. ... 1._ r ... .: •� j -� ·- - - - ..C• - ,  - - , 
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sheep in Australia which show ar. inherited predisposition toward the 

development of dermoid cysts foll owing the penetration of the skin by 

grass seeds ( Carne , Lloyd and Carter, 1963) . Borland (1966) demon­

strated that intradermal implantation of autologous epithelial cells 

from t he skin of these sheep resulted in the production of  dermoid 

cysts identical to th ose occurring naturally and concluded that t he 

latter vJere ca.used by transfer of epithelial cells into the dermis by 

grass seeds . A percentage of the cells lining these cysts undergo 

malignant transformat ion resulting in the development of squamous cell 

carcinomas. Cyst bearing sheep were more susceptib+e than normal sheep 

to the induction of papillomas following topical applications of 

dimethylbenzanthracene. This carcinogen also caused an increased 

frequency of neoplastic transformation in the lining cells of the 

implantation cysts when injected directly into these sites (Lloyd, 1966 ) . 

Tumours of Cartilage 

Although claimed by Steiner and Bengston (1 95'1 ) to be of relatively 

common occurrence, inspection of Table 1 . II shows that cartilaginous 

tumours of sheep actually form a relB.ti vely small proporti on of the 

total tumours in most surveys of ovine neoplasia. Contrary to most 

reports, Sullivan ( 1 960) found 30 of the 32 cases he examined were 

malignru:t as judged by histological criteria. 

Carcinoma of the Bladder 

T�is tumour is of interest becavse of j t s increa.sed frcqc;.ency in 

sheep which have been fed on pa stures infest ed with bracken fern 

(Harbutt and Leaver , 1 969) . Carcinomas h the bladder of cattle which 

have eaten this plant , have been reported in New Zealand (Smith and 

Beatson, 1 970) . However, Simpson (1 9'71 ) was unable to demonstrate t he 

carcinogeneci ty of Ne\·J Zealand bracken fern (Pteridium aquilinum var. 

esculenturn)  in either rats or sheep which were fed dietG contai nins 25 
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per c ent . bracken fronds.  

Mal ignant Lymnhom� 

As the study of this tumour of sheep forms the basis of this 

thesis , previous work reported by others will be discussed in its  

appropriate c ontext in  succeeding chapters . 

I I .  COMPARAT I VE ASPECTS OF THE E?!D�IOLOGY OF 

MALIGNANT LYTvlPHOHA 

Mal ignant lymphoma is the general term applied t o  any neoplasti c  

disorder of lymphoid t i ssue , including Hodgkin ' s  disease and reticulum 

c ell sarcoma ( see  nomenclature , below) . The lit erature pert inent t o  

epidemi ological aspects o f  mal ignant ly�phoma in vari ous spe c i es o f  

animal s is  revi8wed to provide a general background t o  the work 

presented in succ eeding ch�pters of this thes is . 

Mal ign.:mt lymph0mas are frequently occurring spontaneous tumours 

in a number of spec ies . They are particularly common in the laboratory 

mouse , chicken and cat and are also of considerable signi ficance  in the 

dog and in c attl e .  Less is  known about their occurrence i n  other 

domestic  spec ies but they appear to be an important tumour of the horse , 

pig and sheep . 

Studies of the epidemiology of malignant lymphoma in domesti cated 

animal spec ies have part icular advantages O'rer those j_n the laboratory 

animal s . 'l'ho essent ial] y random-bred nature of non-laboratory animals 

more r. J.ose1y �'eflt::cts  th0 s itu8.t ion i n  man than does that of  the inbred 

laboratory manse � They a:.·e also exposed to 11any of the environmental 

fac t ors such as chemical polJ utants which are of possible importance in 

carc inogenesis of rnan and the carn ivorous household pets eat foods 

prepared in a ma..nner very similar t o  those eat .::n by ruan . lrJ short , 
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their habitat shows a closer similarity to that of man than does that 

of the animal adapted to laboratory c ondit ions . 

Much of the recent research into malignant lymphoma has been 

stimulated by the demonstrat ion of the tranrnnissible nature of  this 

disease in the chicken and laboratory mouse and the subsequent 

purificat ion and definition of a number of viruses believed to be 

causal agents . Evidence has been put forward t o  implicate viral 

aetiology in malignant lymphoma of several domesticated animal species , 

but t o  date only in the case of the cat is there unequivocal proof . 

At present , intensive research programmes into malignant lymphoma 

are being carried out in cattle in several parts of Europe and the U . S . A .  

These have been prompt ed b y  the apparent endemic nature o f  the disease 

in these countries and the inferenc e of a viral aetiology . 

Nomenclature 

The use of human disease n0menclature for similar c ondit i ons in 

animals is justified only when there is reasonable evidence that the 

condit ions are in fact analagous . Morphological criteria alone are 

probably insufficient grounds to equate the diseases of the various 

spec ies . This is espec i ally valid in the case of the reticular 

neoplasms . For example , Forbus and Davis ( 1 9�-6 ) , Bloom ( 1 952 ) , c ·  .:.>lmon , 

Small and .Jaeschk� ( 1 964) , Squire ( 1 969)  and wells ( 1 9(74) described 

c ertain of the malignant lymphomas of dog and p ig as Hodgkin ' s-like , 

because some of the histological features of the vJell defined human 

condition were present . This is misleadj ng and implies , unjustifiably , 

that an ident ical dis ease proc ess is present . There is  no doubt that a 

number of val·iants of malignant lymphoma do occur in animals but for the 

reasons stat e d ,  the broad term malignant lymphoma is used preferentially 

throughout this thesis when referring to otherwise undefined lymphoid 

neopl asms of animalc .. 
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Man 

The reticuloses of man form a diverse disease spectrum of which 

malignant lymphoma is one of the major subgroups o Within the malignant 

lymphoma subgroup , follicular lymphoma , lymphosarcoma , reti culum c ell 

sarcoma , reticulum cell sarcoma and Hodgkin ' s disease are the most 

commonly observed forms and c onstitute reasonably well-defined clinico­

pathologic ent it ies . For the purposes of this review , the c ollective 

t itle mal ignant lymphoma will refer only to  these variants of the 

human disease . Lymphoid leukaemia is not considered a separate entity 

because it c&� be regarded as a haematogenous extension of a solid 

tumour affecting bone marrow � spleen or lymph nodes.  Other leukaemias 

of myeloid and erythroid origin , mult iple myelomas and mycosis fungoides 

will not be discussed. 

In the present context it is considered impractical to  review in 

any detail the vast bulk o f  material pertinent to malignant lymphoma 

of man . There is relatively little variat ion in the overall prevalence 

of malignant lymphon1a in the major areas of the world. In the U . S .A .  

55 people per million population developed one or other forms of 

malignant lymphoma in 1 964 , accounting for 0 . 01 4  per c ent . of t otal 

deaths recorded in the vital stat ist ics of th� U . S . , 1 966 ( c ited by 

Lingeman , 1 969) . The rate in England and Wales was 42 per million 

( Symmers , 1 966 ) , while that for New Zealand was 85 per million ( N . Z .  

Year Book , 1 970) . The reasons for these variations are unclear but 

may be explained in part by undefined fac t ors of ethnic and geographic 

origin , variat ion in histological interpretat ion and recording , and 

availability or use of medical services . 

The relative fre cquency of the various types of mal ignant lymphoma 

in a number of countries are shown in Table 1 . IIL Of interest is the 

relatively high p.c·c:,port ion of reticuluin c ell sarcomas and the low 

propor1: ion of !Iod ;:rkin ' f3 diseo.se seen in Jc:rpaneso people :i.n c omparison 
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TABLE I .  III 

The Relat ive P:evalence o f  the Various Forms of Malignant 

Lymphoma Affect ing Man in Several Di fferen t Countries 

Number of Total 
Numb ers of Numb ers of Ret iculum Numb ers of  Numb er of 
Follicular Lympho·- Cell Hodgkin 's Lymphoma 

Author Country I,ymphoma sarcoma Sarcoma Disease ( 1 00%) 

Lumb and Newton 
( 1 957) Great Britain 61 ( 1 7 . 5%) 63( 1 8 . 2";6) 29( 8 . 4%) 1 9Lj. ( 55 .  9"i6) 347 

Hilton and Sutton 
( 1 962) Great Britain 39 ( 1 0 • 7';6) 87 ( 24 .0%) 85( 23. 4%) 1 52 ( 41 . 9";6) 363 

Hancock ( 1 958 ) Great Britain 207( � 0. 2";6) 1 02 ( 1 9 . 8%) 206 ( 40. 0';6) 51 5 

Symmers ( 1 966 ) Great Britain 90 ( 8 . 5%) 222 ( 20 . 8%) 269 ( 25 . 2%) 486 ( '-15 . 5%) 1 , 067 

Gall and Mallory 
( 1 942 ) u . s . A .  L�2 ( 6 .  '(';6) 220( 35 . 6%) 1 27 ( 20 . 6%) 229( 37 . 1 %) 61 8 

Hellwig ( 1 946 ) U . S .A . 9 ( 4 . 6%) 1 06 ( 54 . 1%) 33( 1 6 . 8%) 48( 24 . 5%) 1 96 

Jackson and 
Parker ( 1 947) u . s . A .  39 ( 5 . 4%) 233 ( 32 . 5%) 1 1 6  ( 16 . 2";6) 329 ( 45. 9";6) 71 7 

Williams et al . 
( 1 959 ) u . s . A .  1 733( 46 . 6%) 1 992 ( 53- 5%) 3 , 725 

New Zealand Year 
Book ( 1 970) New Zealand 1 8 ( 1 1 . 1 8%) 85( 55 . 6%) 50 ( 32 . '(';6) 1 53 

Gelpi ( 1 970) Saudi Arab ia 23( 53.4%) 5 ( 1 1 . 6%) 1 5 ( 35%) 43 

Anderson et al. ( 1 )  

( 1 970) Japan 1 8 ( 5 . 4%) 1 09 ( 32 . 2%) 1 41� ( 42 . 6%) 67( 1 9 . 8%) 338 

Davi es ( 1 964) Uganda 1 93( lJ 6 .4%) 1 2L� ( 29 .  '(';6) 1 00( 23. 9;'0) L�1 7 

: '! )  A tomic Bomb Casualty Commission Data 
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to  other countries (Anderson et al . , 1 970) . The Atomic Bomb Casualty 

Commission data from which the :i.r figures were compiled was chosen to  

exclude people immediately exposed to  irradiation from atomic bombs. 

The causes for these differences are unknown , but they suggest that 

discrepancies in host reactivity presumably due t o  genetic fact ors , 

at present undefined predisposing or synergistic  disease , or perhaps 

geographic influences may be responsibl e . 

A peculiarly high prevalenc e of lymphosarcoma amongst children and 

young adults living in parts of Central Africa was first reported by 

Burkitt ( 1 958 ) . 

Maps of tumour prevalence correlat ; · closely t o  geographical zones 

and the distribution of certain malarial mosquitoes ( Haddow , 1 963) . 

This so-called "Burkitt ' s  tumour" of children is not, however , peculiar 

to  these areas. Apparently identical or very similar undifferentiated 

lymphosarcomas with s imilar distribution of lesions have been reported 

from the U .S .A .  ( 0 1 Coner , Rappaport and Smith , 1 965) , Jamaica ( Bras , 

Murray and HcDonnough , 1 965) , India ( Desai , lJJeyer-Homj i  and Paymaster , 

1 965 ) , New Guinea ( ten Seldam , Cooke and Atkinson , 1 966 ) and South 

America ( Beltran , 1 966 ; Fagundes , de Oliveira and Amaral , 1 969) . 

Maligna�t lymphomas may occur at any age b":.1t periods of peak 

incidence are noted in the various forms of the d isease . The follicular 

lympho:r:ns charact eristically develop at about 50 years of age and are 

only rarely observed in pat ients younger than 20 years ( Symmers , 1 966 ) . 

Similarly , lymphosarcoma and ret iculum cell sarcoma are most commonly 

encountered in rnicidlE or old  aged pat ients ( Gall and Mallary , 1 942 ; 

Evans , 1 966 ; Anderson et Dl. , 1:!970 ) . Evans f'"'unct peak incidence in 

the fifth to  seventh decades of life and Gall and t1allary showed that 

the poorly differentiated forms of lymphosarcoma tended to occur at an 
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earlier age . The exception , seen in certain geographic areas , of  

high inc idences of childhood lymphosarcomas has already been mentioned . 

In most reports , Hodgkin ' s  disease has age inc idence peaks between 1 5  

and 3L� yrt; and above 45 yr . This pattern has been observed in the 

U . S .A . , Netherlandn , S\Jeden and Denmark ( NacMahon , 1 957) . The early 

peaking observed in most Western surveys was not reported in Japanese 

c aees by And erson �t_al . ( 1 970 ) . Evans reported peaking between the 

ages of 20 t o  40 yr and found that 20 per c ent . of cases occurred in 

pati ents under 20 yr of age . 

Malignant lymphomas show a c onstant predominance in males . Hale 

to female ratios vary from 1 . 5 : 1  to 4 : 1  ( Gall and Mallory , 1 942 ;  

Symmers , 1 966 ; Willis , 1 967 ;  Fagundes et al . ,  1 969 ;  N .  Z.  Year 

Book , 1 973) . 

Rac ial differenc es in prevalenc e have been noted . With the 

except ion of the childhood lymphomas of Africa and other tropical 

c ountries , people of  Caucasian extract ion show higher rates o f  malignant 

lymphoma than do other rac ial groups . ( Vital Stat istics of  the U . S . , 

1 966 , c it ed by Lingeman , 1 969 ; Anderson et al .. , 1 970) . 

Laboratory Rodents a.nd Lagomorphs 

Of the c orr111only encountered laboratory an imals the mouse ecl ipses 

all other species as a sub ject for investieation into malignant lymphoma . 

This emphasis on the mouse has developed with the availability of  

highly i nbred laboratory strains showing a very high prevalenc e of  

sponta.neously de\·eloping lymphoid tumours . There is little  information 

on the prevalenc e of malj gna..11t lyrrr-homa in feral mice , but :i.t is 

believed to be low ( Gross , 1 970 ) . Among the laboratory strains there 

is considerable vniat ion in the frequency of occ-:_;rrenc e  of these 

neop1asms and data on Gor.!e c0mmonly u sACl �r_a.boratory s trains are given 

in Table 1 . IV. 



TABLE 1 . IV 

Prevalence of Spontaneous �1alienar;.t Lymphomas 

in Various Strains of Laboratory Mice 

Strain 

A 

Ak 

BALB 

CBA 

C3H 

C57 Brown 

C57 Black 

C58 

DBA/2 

T -'-

R III 

SvJiss 

Table reprinted from Gross ( 1 970) . 

Approximate 
Lymphoma Prevalence 

per c ent . 

1 

85 

1 5  

1 

5 

5 

85 

30 

5 

3 

5 - 1 1  

2 1  
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The demonstration of the viral aetiology of these tumours and 

the subsequent definit ion of a number of causal virus�s has provided 

a background knowledge and st imulus for much of the research into 

malignant lymphoma of other animal species . The viruses are distributed 

widely throue;hout the various strains of laboratory mouse and are seen 

in low as well as high tumour frequency strains ( HilgHrs et al . , 1 972 ; 

Gross , 1 970) . Tho experimental study of malignant lymphoma in mouse 

has been ext en si vely reviewed by J<'urth ( 1 9�-6 ) , Kirshbapm ( 1 951 ) , Law 

( 1 954 ) , Stansly ( 1 963) , Holoney ( 1 96'+ )  and Gross ( 1 970) . Various 

aspects of this work in the mouse will be discussed in greater detail 

in later chapt ers . 

The rat and rabbit ar� rarely affected by malignant lymphoma. 

Snell ( 1 969) described two cases which occurred amongst several hundred 

rats of various strains maintained at the National Inst itutes of 

Health Laboratory , U . S . A . Both affected animals were of the Buffalo 

strain. Lopushinsky and Fay (1 967) repo�ted six cases of malignant 

l;ymphoma in cottontail rabbits in Hichigan . Isolat ed reports of this 

disease in laboratory stre.ins of rabbits have been made by Van Karnpen 

( 1 968 ) , F'ox et al . (1 970) ar1d Ubertini (1 972) . 

In the guinea pig it  has been reported that virally induced malignant 

lymphoma occurs spontaneously with r:1oderate frequency ( Dunn , 1 969 ; 

Gross et al . ,  1 970) . In the strains held at the National Cancer 

Institu te , Bethesda , Congdon and Lorcnz (1 991- ) reported a prevalence 

of 3� 3 per cent . 

Chickens 

Neoplastic d:..seases of the reti c:tl&l' and haematopoietic  t issues 

of chickens are known as the avian leukosis complex. By far the 

1nost preval�nt condit ions in this di sease spectrum e.re the virally 
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induced lymphosarcomas , lymphoid leukosis  and Harek ' s disease ' ( Hembol dt 

and Fredrickson , 1 969 ; Gross , 1 970) . These tumours were first 

reported about the turn of the J.ast centc;.ry ( Caparini , 1 896 , c ited 

by Olson , 1 91+1 ; Marek , 1 907 , c ited by Herr!boldt and Fredrickson , 1 969) . 

Until poultry rearing became a "mass-production" business the diseases 

were seen only sporadically but since 1 920 their prevalenc e has been 

reported to  increase steeply. \Vhereas the number of chickens 

slaughtered yearly in the U . S . A .  between 1 96 1  and 1 968 did not change 

significantly , the number c ondemned due to leukosis rose from 1 00 to  

2 , 000 birds per 1 00 , 000 slaughtered ( Goldste ir. ,  1 968 , c ited  by Purchase , 

1 972) .. The proportion_ of · :condemnatio:its due to leukosis increased 

during this t ime from 5 . 7  to 48 per c ent . ( Calnek , 1 972) . Most of 

these losses are due to Marek ' s  disease ( Calnek , 1 967 ; Purchase , 

1 972) , while  lymphoid leukosis tends to  occur sporadically ( Purchase 

and Burmest er , 1 972 ) • 

Marek ' s  disease is of economic importance in all major areas of 

poultry production (Purchase , 1 972 ) . It is primarily a disease of 

birds between two and f ive months of age , although cases can occur as 

early as three >veeks and as late as two years . All breeds and both 

sexes are affected ( Jungherr and. Hughes , 1 965 ) e Losses in individual 

flocks have been estimated to range from a few birds to 25 or 30 per 

cenL and occasionally as high a.s 60 per cent . (Jungherr and Hughes , 

1 965 ; Biggs , 1 968) . Lymphoid l�ukosis affects older birds , usually 

occurring between ·1 4  and 30 weeks of age ( Purch.:a.se and Burmester ,  

1 9?2) . 

Lymphoid leukos i s  is caused by infed ion of birds with one of a 

number of reco�n i zed oncorna viruses ( Gross , 1 970) . 

In 1 967 two groups of investigators (Churchill and Biggs , 1 967 ; 

Na?.erian et al . ,  "" ,..., r C) 
I ':.:'0< ' ; Soloi!ion -2t aL , 1 968)  i.solat�1d a herpcc virus 
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from cases of Marek ' s  disease a�d presented strong c ircumstantial 

evidence thRt this virus vJas the ca;.;.se . Subsequently , the demonstration 

of c ell-free virus in feather follicles m1d the transmission of Marek ' s  

disease by virus from this source ( Nazerian and Witt er , 1 970) and the 

development of a successful vacc ine (Churchill , Payr1e and Chubb , 1 969) 

have established beyond doubt that the disease is due t o  a specific  

herpes virus � The infection of chickens by Marek ' s disease virus 

occurs with much greater frequency than is indicated by mortality or 

condenmat ion of meat as a result of this disease . Using immunological 

t ests t o  detect the presence of precipitat ing antibodies to  the virus 

in sera , Chubb and Churchi1l ( 1 968) , \-litter et  al . ( 1 970) _and Ianconescu 

and Samberg ( 1 971 ) have shO\•m a very high prevalence of Marek 1 s disease 

virus infection in many commerc ial flocks . In some cases nearly 1 00 

per c ent . of the b irds in a flock have shown serological evidence of 

infection .  Marek ' s  disease is the first naturally occurring neoplastic 

disease to  have become c ontrollable by vacc ination. 

Sheep 

The prevalence of malignant lymphoma in sheep determined from 

surveys of ani�als killed in slaugher-houses is shown in Table 1 . V .  

With the exception of the N etherlands m1d certain districts of France 

it  is  low. Estimates of the relat ive occ�rrence of malignant lymphoma 

compared to  other neoplasms have also been obtained from slaughter­

house and diagnostic laboratory surveys and are shown in Table 1 . VI .  

I t  appears that malignant lymphoma i s  one o f  the most common t ypes of 

tumour in sheep (Table  '� . I . )  

Nost cm;es have been recorded in me.tur e or aged animals . In the 

tv1enty cases reported  by Monlux , Anderson ar1d Davis ( 1 956) , one animal 

was one year o1d , three were five years old and the remainder vvere 

l isted R.s "old" . Fifi:Aen of the seventeen cases in Migaki ' s ( 1 969) 
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TABLE 1 . V 

The PI:!;val e�_,of Mah gns.n:: L;nr.pr.o:r.e._per � i J .. l i on .Steer 

Country 

Belgium 

:F:'ranc e 

Germany ( We isbaden ) 

( West Berl in) 

Great Br itain 

New Zeala.nc'l. 

Netherla.n.ds 

u • .s . A .  

Inspec t e d  at 3J.aught er-houses  

Author 

Nammerickx and Derzelle ( 1 )  

Lombard ( 1 968) ( 1 ) 

( a) Woolke ( 1 972 ) ( 1 ) 

( b )  Holzner ( 1 972 ) ( 1 )  

Anderson anc Jarrett ( 1968) 

Webster ( 1 966)  

webs ter ( -1 967)  

:1'-:isdorp ( 1 967 ) 

( a) U . S . D . A .  Meat ( 4) Inspect ion �ivision ( 1 955 ) 

( b )  Monlux , Anderson and Da.vis 
( 1 956 ) 

( c )  U . S . D . A .  tJleat ( ' ) 
Inspect:L on Division ( 1 960) '+ 

( d )  Moulton ( 1 963) 

( e ) U . S . D . A .  Consuner and ( 4 '  r" 1 c ,.. r.:: \ . ) Market ing Service , )O � ;  

( 1 ) C i t e d.  b y  :Sor.;tock and Owen ( 1 973) 

( 2 ) Varia.t i o ns vli tti:r_ >_-.his range n-: ::ord i ng t o  d i s t r :; c t  

( 3) In 1 1  cull-for-age 1 1  ev.1e 13 

( 4 )  C ited by MigckL ( '1 969 ) 

Prevalence 

3 . 2  - 9 . 0( 2 ) 

1 9  - 1 400( 2 )  

1 6 . 0  

0 . 4  

10 . 0  

46o . o( 3) 

22 . 0  

'1 60 . 0  

6 . 8  

20 . 0  

6 . 8  

3 - 3 



TABLE 1 . VI 

The N:l:'I'JCe�·s o f  f.'!o.li gnant Lymp�10mas Reported in 

_ _§tJ.�veys of She ep Neoplasms 

Author Country 

St icker ( 1 902 )
( 1 )  Germany 

Feld11an ( 1 931 ) 

Do. vis , Leeper a:.1.d Shel ton 
( 1 933) U . S . A .  

,Jacks on ( 1 936 ) So'Jtb. Africa 

Honl '..J.x , .1\nderson a11.d 
Davis ( 1 956 ) U . S . A .  

Cotchin ( 1 96Cl ) England. 

Smi t:h o.nd L: ones ( 1 961 ) South Africa , 
England , U . S . A . ,  

Scotland 

( 2 )  
M<->nkte J.ovJ ( 1 963) N . Z . 

Smith ( 1 962) U . S . A .  

Moul ton ( 1 963) U . S . A .  

Bra.ndley and Miga�i ( 1 963)  U . S . A . 

Sastry and Tweihaus ( 1 965) U . S . A .  

Webster ( 1 966)  N . Z. 

Webster ( 1 96 7)  N . Z . 

Jviisdorp ( 1 96?)  Netherlands 

Anderson , Sand ison a.nd 
Ja.rrett ( 1 969) Bri te .. in 

Notel , Neumann and Klopfer 

( 1 97() ) Israel 

CordPs and Shortridge 
( 1 971 ) I" . Z . 

( 1 )  C ited by FeldmB � ( 1 931 ) 

( 2 )  Fersor:a::. co:nm•.mico U on 

N o .  of 
No . of Mal ignant 

N eoplasms Lymphomas 

7 1 

l.J o  4 

28 

66 

38 

129 

95 

1 0  

1 20 

1 07 

1 1 4  

7 

4 

20 

1 0  

1 4  

1 9  

1 

77 

1 1  

3 

23 

7 

1 6  

44 

26 

Perc entage 
Mal ignant 
Lymphou.as 

1 4  

1 0  

2 

1 4  

30 

26 

1 1  

20 

<1 

47 

32 

30 

1 9  

2 

50 

41 

3 

6 
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series occurred in sheep described as "old" , and nearly all of  the 44 

cases found in the series of Anderson , Jarrett and Crighton ( 1 969) 

were l isted as "mature " .  

Reports from Nev1 Zealand are conflict ing. Of the 23 cases 

reportt�d by Webst er ( 1 966)  at least 1 5  viere in "cull-for-age" ewes.  

The following year he  rec orded a further seven cases ( Webster , 1 967) 

of which six occurred in aged sheep and the other was in a lamb . 

However , Cordes and Shortridge ( 1 971 ) examined 1 4  cases affect ing 

lambs less than one year old and only six cases in older age groups . 

The prevalence of malignant lymphoma in the U .S . A .  is probably 

higher than that indicat ed by meat inspection stat ist ics , because 

approximat ely 95 per cent . of the slaughtered populat ion examined 

have not reached maturity ( Brandley and Mig�<i , 1 963) . Due to the 

cost of transportation and slaughter , most range e111es are not killed 

in Federally inspected abattoirs .  

Isolated  reports o f  malignant lymphoma i n  sheep have c ome from 

Feldman ( 1 926 ) , Head ( 1 953) , Pallaske ( 1 958) , Lombard and W:i.tt e  ( 1 959 ) , 

Enke ( 1 964) , Drawer ( 1 965) , Hilgenfeld and Krieg ( 1 965) , Nobel , Neumann 

and Klopfer ( 1 967) , Dukic , S tamatovi� and l/'urickovic ( 1 96 9 ) , \Vittman 

and Urbaneck ( 1 969) , Ulbrich �t al_ . ( '1 970) , vlittrnan ( 1 970) . 

Pre1iminary epidemiologicaJ reports from Germnay indicate that the 

prevalenc e of rnEJ.l igna.n.t lymphoma in some nrea.s and i_n some fJ ocks of 

sheep reacht:s ver;y high levels (Paulsen _et a.l . , 1 971 , 1 972 ; \ve ins et  al . ,  

1 971 ) � 

Cattle 

Malignant lymphoma is without doub t the mos t widely reported 

neoplast ic disease of  this species ( Ft-timan , 1 932 ; Non lux et a l . , 1 956 ; 
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Plummer , 1 956 ; Cotchin , 1 960 ; Bendixen , 1 965) . Table 1 . VII shows 

the frequency with which Jnalignant lymphoma occurs in comparison with 

other bovine tumours in material reported by diagnostic laboratories 

and slaughter-houses . The report:3 of the prevalence of this disease 

from Colorado (Table 1 . VII)  appear to be l ower than normal because of 

the high percentage of occular squamous cell carcinomas encountered in 

the Hereford cattle breed which comprise the majority of cattle 

slaughtered in this district � The same preponderance of occular 

squamous cell carcinomas was also observed in t he series reported by 

Jackson ( 1 936 ) .  

The prevalence of the disease reported from meat inspect ion 

statistics from various countries is sho�� in Table 1 . VIII.  The- tumour 

is c ommon in Germany , Sweden , Denmark , U . S . S . R .  and the U . S .A .  with 

most cases occurring in high-prevalence areas within these c ountries . 

Most cases in Germany have been �eported in north-eastern areas and t o  

the east o f  the Baltic  Sea. S ince the Second World War , the disease 

has been reported as spreading weshv-ard from the river El be and 

statistics indicate a gradual increase in the prevalence of this 

neoplasm in all areas (Bendixen , 1 965) . High tumour frequencies have 

been reported in middle and southern Sweden . Hjarre ( 1 958 , c ited  by 

Squi:re , 1 96L�) observed that in many of these areas whole blood vaccina­

t ion of calves against piroplasmosis had been carried out for many 

years.  He suggest ed the increased prevalence of malignant lymphoma 

may have been po.rt ly due to  the distribution of <:m oncogenic agent in 

the vaccine . Nearly all the cases reported fro� Denmark occurred on 

the islands of Zealand and Lolland-Falster ( Bendixen , 1 965 ) . In the 

U .S  .A . malignant lymphoma of cattle has been noted >vi th great est 

frequency in c -?rtain areas of California , the !-'lidwestern States and 

New Jersey. 



TABLE 1 .  VII 

The I'JumberF; of �1al ignant Lympho:n:=ts Reported 

in Surveys of Cat tl�  'I'UJnours 

Neoplasms 

Davis ,  Leeper and Shelton U . S . A .  
( 1 933) ( Colorado ) 90 

Jackson ( 1 936 ) South Africa 1 08 

Monlux , Anderson and U . S .A . 
Davis ( 1 956 ) ( Colorado ) 908 

Plummer ( 1 956 ) Canada 447 

Cot chin ( 1 960 ) England 
( London) 293 

Smith and Jones ( 1 961 ) U . S . A .  
England 
Scotlar..d 
South Africa 1 371 

Misdorp ( 1 967) Netherlands 231 

Anderson , Sandison and 
Jarrett ( 1 969 ) Great Britain 302 

Nobel , Neumanr: and Klopfer 
( 1 970) Israel 500 

Novloski and Santos ( 1 970) Brazil 36 

Short ridge and Cordes 
( 1 971 ) New Zealand 372 

Prasad and Chandre..sekharan 
( 1 971 ) India 1 1 63 

No . of 
Halignant 
Lymphomas 

7 

3 

20 

1 42 

63 

369 

20 

40 

283 

1 1  

86 

1 3  

. 29 

Percentage 
t1alignant 
Lymphomas 

8 

3 

< 1  

32 

22 

27 

9 

1 3  

57 

28 

23 

1 



TABLE 1 .  VIII 

The Prevalence of fvlal ignant Lymphoma per Million Cattle 

�ected at Slaughter-ho-"J.Ses 

Country and District Author 

Germany Brandenburg Welsch ( 1 933)
( 3) 

Pomerania Stre igler ( 1 933)
( 3) 

Berlin Lockhau ( 1 933)
( 3) 

All States ( 1 938-42 ) Fortner ( 1 953)
( 3) 

Berlin Dobberste in and Seifried ( 1 938 ) ( 3) 

Koenigsburg( 1 938-42 ) Fortner ( 1 953)
( 3) 

Tilsit ( 1 938-lJ 2 ) Fortner ( 1 953)
( 3) 

Koeln ( 1 938-42 ) Fortner ( 1 953)
( 3) 

Frankfurt ( 1 938-42 ) Fortner ( 1 953) ( 3) 

Western Germany Kruger ( 1 962 ) ( 3) 

Eastern Germany 

Denmark 

Sweden 

Netherlands 

Belgium 

u . s . s . R .  

Great Britain 

Brazil 

( 1 941 ) 

( 1 9lJ-5 ) 

( 1 954) 

( 1 959) 

( 1 961 ) 

U . S . A .  All States ( 1 922 ) 

( 1 930 ) 

( 1 935 ) 

Mieth , Schluter and Schwedler ( 1 970) 

Bendixen ( 1 965) 

Olsen ( -1 961 ) 
( 3) 

Olsen ( '1 961 )
( 3) 

Olsen ( 1 961 ) 
( 3) 

Olsen ( 1 961 ) ( 3) 

Olsen ( 1 g61 ) 
( 3) 

Nisdorp ( ·1 967) 

Mammerickx ( 1 969) 

Kudryavtseva ( 1 972 ) 

Anderson , Sandison m1d J arrett ( 1 969 ) 

Novloski and Santos ( 1 9?0) 

Sorensen e t  al . ( 1 961 ) 

Sorensen et al . ( 1 961 ) 

Sorensen et al . ( 1 961 ) 

30 

Prevalence 

1 , 590-1 , 770
( 1 ) 

5 , 000-6 , 000
( 1 ) 

6 , 000 

2 , 000 

1 , 500-4 , 000
( 1 )  

3 , 000 

1 5 , 000 

90 

70 

200 

4 , 800 

4o ( 1 0-100 ) ( 2 ) 

Boo 

3 , 1 00 

6 , 000 

3 , 400 

500-800
( 2) 

2 . 8 

40 

1 , 540 

57 

67 

4o 

1 50 

90 
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TABLE 1 . VIII ( Contd. ) 

Country and District Author Prevalenc e 

( 1 938 ) Sorensen et al . ( 1 961 ) 1 50 

( 1 948 ) Sorensen et al. ( 1 961 ) 94 

( 1 950-52 ) Sorensen et al. ( 1 961 ) 90 

( 1 958) Sorensen et al . ( 1 961 ) 1 80 

California Theilen , Appleman and Wixom ( 1 963) 80 

California - San Franc isco 
( 1 959-60) Reisinger ( 1 963) 30 

Los Angeles 
( 1 959-60) Reisinger ( 1 963) 56 

San Diego 
( 1 959-60) Rei singer ( 1 963J 0 

Pennsylvania-Philadelphia 
( 1 959-60 ) Reisinger ( 1 963) 360 

Scranton 
( 1 959-60) Reisinger ( 1 963) 940 

Minnesota ( 1 959-60) Reisinger ( 1 963) 600 

Minnesota Anderson et al . ( 1 971 ) 1 48 

( 1 )  Variat ions within this range according to  abatt oirs in these districts . 

( 2 ) Variat ions within this range according to  district .  

( 3 )  Cited by Bendixen ( 1 965) . 
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Peaking of malignant lymphoma �revalence in c ertain years has 

been observed in Swedish and American stat ist ics (Table 1 . VIII ) . 

These fluctuat ions were probably the result of marketing pract ices 

and ec onomic and climat ic fact ors which a:'fected slaught er management 

Reisinger , 1 963) . Because of such factors it is extremely difficult 

to reLate observed tumour frequency data with tr-o.e tumour inc idence at 

a part icular t ime . Movement of cattle from one geographic area t o  

another may also affect estimat ions o f  prevalence . 

There are many reports of bovine malignant lymphoma occurring in 

different countries in an apparently casuist ic  manner ( for example 

those of Jor.es , 1 928 ; Lewis and Savage , 1 930 ; Boyd , 1 934 ; Frank 

and Thompson , 1 940 ; 

and Malmquist , 1 946 ; 

Rees , :1 964) . 

Thompson and Roderick , 1 942 ; Jasper , Sautter 

Boyd et al . ,  1 947 ; Sautter and Sellers , 1 948 ; 

Breed or sex have not been shown to  influence the disease 

incidenc e ( Hjarrc , 1 958 ; Reisinger , 1 963 ; Bendixen , 1 965 ; Conner 

et · al . , 1 966 ; Anderson , Jarre� and Crighton , 1 969 ; Mig��i , 1 969 ) . 

Usually , clinical lesions of malie;nant lymphoma do not develop 

under four years , with most cases occurring between five and e ight 

years , although all age groups may be affec ted (Moulton , 1 961 ; 

Bendixen , 1 965 ; Migaki , 1 969 ) . The di sease in immature animals occurs 

sporadically and is uncommon in most parts of the world ( Monlux et al . , 

1 956 ; Bendixen , 1 959 ; Dungworth , Theilen and Lengyel , 1 964 ; Theilen 

and Dungworth ,  1 965 ; Marshak et al. , 1 966)  with the except ion of 

Scotland where the lcrge majority of cases reported by Jarrett and 

Cright on ( 1 965 ) \-Jere seen in cattle less than three years of age . 

Malignant J ymphoma is c ons idered to  be the most c ommon neoplasm 

of thj. s snec ics ( C ot c�;.:i_n . 1q=;6 : St:J :l i ;m n  and. A n cl r>r snn _ 1 0 SO L 'T' "' hl P 
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1 . IX shows the prevalenc e compared with other neoplasms reporte d  in  

series of neoplasms obtained from slaughter-houses and diagnostic  

laboratories . The prevalence of  the disease per million pigs 

slaughtered in various slaughter-houses is shown on Table 1 . X .  With 

the except ion of certain districts in France , rates appear fairly 

uniform throughout Europe and the U .S .A . There are numerous case 

reports in the literature , from many countries ( Hodgson , 1 903 ; 

Wyssmann , 1 91 1 ; Lund , 1 924 ; Biester and fJlcNutt , 1 926 ; Manegold and 

Machens , 1 927 ; Feldman , 1 930 , 1 932 ; Kernkamp , 1 945 ; Bowler , 1 948 ; 

Markson , 1 955 ; Pyke , 1 955 ; Salomon , 1 955 ; Dimizio ,  1 959 ; Pavlovsky , 

1 962 ; Marienburg , 1 963 ; Logger , Baars and Mouwen , 1 966 ; Lombard and 

Granier , 1 966 ) • 

All ages are affected by malignant lymphoma but it is most commonly 

a disease of young pigs . Anderson and Jarrett  ( 1 968) and Migaki ( 1 969) 

showed 60 per cent . of affected pigs were younger than six t o  e ight 

months . These results may be biased as 92 per cent . of pigs slaughtered 

were in this age group ( Migaki , i969 ) . Two prevalenc e peaks occurred in 

Renier ' s et al . C 'l 966 ) series , in which 80 per cent . of lt5 cases were 

seen at about six months and the remainder at about 21 months of age . 

'I'here are no reports of a sex or breed influenc e on prevalence . 

Table 1 . XI summarizes the reports showing; the prevalenc e of 

malignant lymphoma relat ive to  other canine n eoplasms . Because of the 

lack of informat ion rega�ding canine populat ions , it is difficult to  

determine the overall frequency of mal igna.TJ. t  lymphoma in  dogs. Dorn , 

Taylor and Hibbard ( 1 967)  found a prevalenc e of 24 cases per 1 00 ,000 

dogs in a defined canine populat ion in tvm Cal ifornian count ies . 

It is usually report ed ( Bloom and Meyer , 1 945 ;  Smith , 1 963 ; 



TABLE 1 . IX 

The Numbers <?} M:Jl ignant �y�phomas Reported in 

Surve�� of Pig Neoplasms 

Author 

Davis , Leeper and Shelton 
( 1 933) 

Jackson ( 1 936 ) 

Plummer ( 1 956 ) 

Monlux , Anderson and Davis 
( 1 956 ) 

Cotchin ( 1 960) 

Smith and Jones ( 1 961 ) 

Country 

U . S . A .  

( Colorado ) 

South Africe. 

Canada 

U . S . A .  
( Colorado ) 

England 

u . s . A .  
Er.gland 
Sc ot land 
South Africa 

Smith ( 1 962) u . s . A .  

Brandley and Migaki ( 1 963) u . s . A .  

Moult on ( 1 963) U . S . A . 

Misdorp ( 1 967) Netherlands 

Anderson and J·arrett ( 1 968 ) Great Br ita:i.n 

Nobel , Neumann and Klopfer 
( 1 970) Israel 

No . of 
Neoplasms 

26 

4 

28 

27 

1 , 824 

2 , 005 

32 

1 33 

2 

No . of 
Lymphomas 

6 

0 

1 4  

9 

1 5  

58 

6 

67 

1 , 093 

1 2  

92 

2 

34 

Perc entage 
Lymphomas 

23 

0 

50 

32 

56 

35 

35 

57 

38 

36 

1 00 
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TABLE 1 . X 

The Prevalence yf tvinligmmt Lyrr.phoma per Mill ion Pigs 

Inspected at Slaught er-houses 

Country and District 

Belgium 

France ( a ) Many district.:; 

( b ) Brittany 

Germany ( a ) Hanover 

( b ) Weisbaden 

( c ) West Berlin 

Great Britain 

Netherlands 

u . s .A .  ( a ) 

( b ) Colorado 

( c ) 

( d ) 

( e ) 

( f ) 

Author 

l•lammerickx and Derzelle ( 1 967) ( 1 )  

Lombard ( 1 968 ) ( 1 ) 

Chevral et al . ( 1 969) ( 1 )  

( 1 \ 
Overbeck ( 1 972) 1 

Woelke ( 1 972 ) ( 1 ) 

Holzner ( 1 �72 ) ( 1 )  

Anderson , Sandison and Jarrett ( 1 969) 

Prevc..lenc j 

4 

1 -6L�o 

54 

20 

1 6  

3 

25 

Misdorp ( 1 967) 20 

U . S .D .A .  Meat Inspect ion Division ( 1 955 ) ( 2 ) 1 5  

Monlux , Anderson and Davis ( 1 956) 1 0  

U . S . D .A .  Meat Inspect ion Division ( 1 960) ( 2 )  1 4  

Mou1ton ( 1 963) 1 7  

U . S .D . A .  Meat Inspect ion Division ( 1 965) ( 2 )  21 

Migaki ( 1 969) 1 8  

( 1 )  Cited by Bostock and Owen ( 1 973) . 

( 2 ) Cit ed by Mig<illi ( 1 969 ) . 



TABLE 1 . XI 

'l'he Numbers of Mali13na.nt Lymphomas Reported in 

Surveys oi' Canine Tumouro 

Author 

Bloom and Meyer ( 1 945 ) 

Country 

NevJ York City , 
u . s . A .  

Cotchin and Douglas ( 1 951 ) London , 
England 

Cotchin ( 1 954) London , 
England 

Cotchin ( 1 959) London , 

Smith and Jones ( 1 961 ) 

Smith ( 1 962) 

Mulligan ( 1 963) 

Howard and Nielsen ( 1 965) 

Darn , Taylor and Hibbard 
( 1 967) 

Murray ( 1 968) 

England 

England 
Scotland 
South Africa 
U . S .A .  

Texas , U . S . A .  

Denver & Los 
Angeles , lJ . S . A . 

Connect icut , 
U . S .A .  

California ,  
u . s .A .  

Nairobi , East 
Africa 

Brodey ( 1 970) Pennsylva�ia , 
U . S . A .  

Nobel , Neur.1ann and Klopfer 
( 1 970) Israel 

Appleby , Hayward ano 
Renyard ( 1 971 ) 

London , 
Rngland 

·---·--------·--·· 

No . of 
Neoplasms 

683 

1 ' 1 21 

2 , 361 

4 , 1 87 

5 , 31 5  

3 , 570 

2 , 1 1 2  

953 

72 

1 39 

2 , 91 7 

?0 

250 

No .  of 
Mal ignant 
Lymphomas 

20 

1 3  

88 

1 59 

1 81 

87 

51 

41 

5 

1 55 

6 

1 6  

36 

Percentage of 
Malignant 
Lymphomas 

3 

1 

3 

4 

3 

2 

2 

4 

7 

24 

5 

9 

6 
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Squire , 1 969 ; Altman and Squire , 1 970) that malignant lymphoma affects 

mature or older dogs most frequently � although cases have been recorded 

at all ages.  No sex prevalence  has been found (Meier , 1 957 ; Smith , 

1 962 , 1 963 ; Squire , 1 964) . 

Certain breeds are said to be more susceptible to  malignant 

lymphoma than others , Scottish t erriers ( Cotchin , 1 954 ; 

1 963) , boxers ( 3mith , 1 963 ; Howe.rd and Nie lsen , 1 965 ; 

Mulligan , 

Squ ire , 1 969) 

and cocker spaniels ( Squhe , 1 969 ) are examples . No breed suscept­

ibility was observed by Meier ( 1 957) . 

Cats 

Malignant lymphoma is one of the most frequently occurring 

neoplasms in the domestic cat ( Cotchin , 1 952 , 1 957 ; Nielsen and 

Holzworth , 1 953 ; Holzworth and Nielsen , ·i 955 ; Holzworth , 1 960 ; 

Squire , 1 964 ; Jarrett ,  1 966 ; Schmidt and Langham , 1 967 ;  Whitehead , 

1 967 ; Darn et a� . ,  1 968 ; Crighton , 1 969 ; Nielsen , 1 969 ; Brodey , 

1 970) . Table 1 .XII lists reports of the relati ve frequency of this 

tumour comp.s.red to other malignant tumours in cats . The true 

prevalence of the disease is difficult to  ascertain because of lack 

of accurate population denominators . Darn et al . ( 1 967) cons i d ered 

the inc idence in two c ounties of California was 41 . 6  per 1 00 , 000 . 

Cats younger than six years of age are most frequently affected 

and within these limits the incidence peaks between six months and 

two years ( NieL:;en a.nd Holz\vorth ,  1 953 ; C�:ighton , 1 968 ; Nielsen , 

1 969 ; Jarrett ,  1 971 ; r-1e incke , Hobbie and Hard.y ,  1 972 ) . 

Reports of breed and sex differences a r e  scarce ill the literature 

and difficult to assess . In the survey of Caiifornian cats ( Dorn 

et al. , 1 968) Siamese cats were more commonly affected than other 

breeds � but \vi thout statistical significo.nce and the mal e to femaJ e 
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TABLE 1 . XII 

The Numbers of Mali e;nant Lymphomas Reported in 

Surveys of Feline Neoplasms 

No . of Percentage 
No .  of Malignant Malignant 

Author Neopla.sms Lymphomas I,ymphomas 

Cot chin ( 1 952 ) 226 33 1 5  

Cot chin ( 1 956) 200 39 1 9  

Smith and Jones ( 1 961 ) 1 74 1 7  1 0  

Smith ( 1 962) 4o4 1 3  3 

Nielsen ( 1 964) 254 82 32 

Schmidt and Langhara ( 1 967) 256 57 22 

Stunzi ( 1 967) 248 69 28 

Whitehead ( 1 967) 1 65 46 27 

Brodey ( 1 968) ( 1 )  41 3 1 09 26 

Brodey ( 1 970)  395 1 03 26 

Schneider ( 1 970) 1 ' 1 54 306 26 

( 1 )  C ited by Nielsen ( 1 969) 
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rati o  of cases was 33 : 1 8 .  Cotchin ( 1 957) reported a male t o  female 

ratio  of 1 6 : 3 . In the experienc e of Hoh;worth ( 1 960 ) , twic e  as many 

male as female cats are examined in veterinary clinics for all types 

of disease . She considers it likely that the o bserved male  to female 

prevalence in mal ignant lymphoma is due to this fact . 

Household c lusters of high inc idence have been reported ( Jarrett 

et al . ,  1 964 ; Loeb , 1 964 ; Schneider et aJ . ,  1 967 ; Schneider , 1 970 ; 

Cotter , Gilmore and Rollins , 1 973) . 

Transmission of malignant lymphoma ha.s been demonstrated in cats 

following inoculat ion with cell free extracts of  the tumour.  Several 

strains of virus have been isolat ed frcm these ce.ses and have been 

shown to be the causal agents by means of appropriate transmission 

experiment s .  Serological surveys have shown that many apparently 

normal cats have been in contact with or  harbour these viruses ( Hardy 

et al . ,  1 969 ; Essex , Cotter and Carpenter , 1 973 ; Jarrett et al . , 

1973 ) . 

Horses 

Reports of malignant lymphoma in this spec ies are infrequent . 

Table � .XIII shows the prevalenc e of the dis8ase in horses slaughtered 

in abatt oirs in the U . S . A .  and N etherlands . The observed variat ion in 

prevalence of mal ignant lymphoma in the horse population of the U . S . A .  

i s  probably explained i n  part by the irregularity i n  cull ing prac t ices 

for thia spec ies , v.rhich has resulted in non-uniforr.n ty amongst the 

groups of an imals submi. tted for sla.ughter 01igaki , 1 969 ) . 

Table 1 .XIV recorc',:s the. relat ive frcq�cncy of  malignant lymphoma 

to  other equine tumourc � 

Case reports in the literature include those of Danel ius ( 1 941 ) ,  

' " I '  ' 1 . " ) " ( A QrG ) ro ' 1  Runnells and Berlbrook l i c}i···i ) ,  'l'utt \ � '?L! o , � o ss ' ..� .Jo , c E: l  s ( 1 960) ' 
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TABLE 1 . XIII 

The Prevalence of Mal :i gnant Lyrr.phorn2.. per rhllion Horees 

�illed in Slaughter-houses 

Country Author Prevalence 

u . s . A .  ( 1 926-29) Feldman ( 1 930) 8 

U . S .A .  ( 1 961 ) Reisinger ( 1 963) 

u .s .A .  ( 1 958-1 967) Migal(i ( 1 969) 

u . s . A .  ( 1 967) U . S . D . A .  Consumer and ( 2 )  
Market ing Division ( 1 967) 1 72 

Netherlands ( 1 960-1965) Misdorp ( 1 967) 32 

( 1 )  Variation within this range over ten year period . 

( 2 )  C ited by Migaki ( 1 969) . 

TABLE 1 .XIV 

The Numbers of Malignant Lymphomas Report ed in 

Surveys of  Equine Neoplasms 

No . of Percentage 
No .  of Malignant Malignant 

Neoplasms Lymphomas Lymphomas 

Plummer ( 1 956) Canada 1 4  2 1 4  

Cot chin ( 1 960) London , England 90 2 2 

Smith and Jones ( 1 961 ) England 
Canada 
South Africa 
U . S .A .  461+ 2 < 1  

Smith ( '1 962 ) U . S . A .  718 1 <1 

Bra.ndley and Miga.ki ( 1 963) U . S �A .  2 1 50 

Misdorp ( 1 967) Netherlands 39 6 1 5  
--
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Theilen and Fowler ( 1 962) , Gillis ( 1 965) , Misdorp and N i jlan ( 1 966 ) , 

Dobin and Ep.stein ( 1 969) , Vaugha11 ( 1969) , Bruere , Sutton and Davis 

( 1 970) , and Conboy and Powers ( 1 9'71 ) .  There is no known breed or sex 

prevalence . 

Non-Human Primat es 

Reports of the disease are rare in these species . Lingeman , Reed 

and Garner ( 1 969 ) reviewed 15 case reports from the literature of 

which oYJ.ly seven were satisfactorily diagnosed and c onfirmed by 

histological examination as malignant lymphoma . The majority of 

these were in Old World Monkeys , with only three reports c oncerning 

malignant lymphomas in the higher apes , all of these being in 

gibbons ( H;y:lobates lar ) . 

More recently Johnsen et al . ( 1 971 ) reported four cases in a 

colony of 1 20 gibbons \vhich had beeYJ. splenect omised . In an interval 

of 25 months , 24 cases occurred in the colony of Rhesus monkeys 

(Hacaca mulatto. and Macaca arctoides) maintained at the U . S .  National 

Centre for Primate Biology (Stowell et al . , 1 971 ) .  The prevalence of 

malignant lymphoma in this establishment was 6 cases per 1 , 000 for all 

non-human primates and '1 2 cases per 1 , 000 for Rhesus monkeys . Ten of 

these twenty four cases lad received diagnostic  head X-ra.ys at Ui.I'ee­

monthly intervals for nine months . 

Jungherr ( 1 963) reported a. lymphoma affect ing a kidney from a 

Cynomolgus monkey . Thi s was the only case recorded from 800 , 000 

monkeys imported into the U .S .A . for the production and testing 

of polio  vacc ines . 

No cases of maligncu"lt lymphoma were reported in the following 

series of necropsy examinations : Haberrran and Williams ( 1 957) , 708 

monh·eys ; Kennard ( ·1 941 ) � 246 monkeys ; Lombard and Wi tte  ( 1 959) , 



1 , 320 non-human primates ; Lapin and Yakovleva ( 1 963) , 1 56 baboons 

and 2'1 1+ Ha.caques . 
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The ages of monkeys affected in the series reviewed by Lingeman 

et al . ( 1 969) were given in only four cases , all of which were pre­

pubertal . 8tm..rell et al . ( 1 971 ) r&po:rted 21 of 24 cases affecting 

adults , while the four gibbons seen by Johnsen et al . ( 1 971 ) were 

young adults ( five to seven years ) . 

Poikilothermic Animals 

Neoplas ia  of ret icular tissues of cold-blooded animals has been 

reported infrequently and in some cases doubt remains that the conditi on 

described was neoplasti c .  

Frye and Carney ( 1 972 , 1 973) described neoplasms o f  haematopoietic 

cells of a terrapin ( Pseudamys elegans ) and a boa constrictor 

( Const r i c tor c onstric t or ) . These are the only reports of spontaneous 

neoplas i a  of s�.lch t i ssues in rept i l e s  although sarcomas have been 

induced in turtles and serpents by inoculat ion with avian sarcoma 

virus ( Svet-Moldavsky , T:rubcheninova ru1d Ravkina , 1 967) . 

Lymphosarcoma of amphibians has been described and investigated 

by Inoue and Singer ( 1 963) , Ealls ( 1 962 , 1 96lf- , 1 965) and Balls and 

Ruben ( 1 965 , 1 967) . The possibili ty that the diseases described were 

granulomas of infec t ious origin needs to be excluded ( Dawe , 1 969) . 

There have been numerous examples of malignant lymphoma reported 

in bony fishet> ( t eleosts ) ft Schlumberger ( 1 957) found the disease in 

1 0  per c ent . of the fish Esox rtasqu inong�: !"ecove:?:ed from Lake Scugog 

in the vic inity of Toronto and Mulcahy ( 1 963 ) reported that 0 . 1 2  per 

cent . of Northern pike ( Esox lu cius ) inspected during a pike 

eradicat i on programme :!.n Irclo.nd were affec t e d .  Cases in salmonid 

fish ( Haddow and Blake , 1 ')?.)3) � splake and brook trout ( Dvnllar , 1 969) 



and Mexican characins ( Nigrelli ,  1 947 ; Friedman , 1 962 ) are also 

recorded.  
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Neoplastic proliferation of haemocyt es in five American oysters 

( Crassostre§l_ virginica ) and one Pacific oyster ( Cras.sostrea gigas ) 

was reported by Fa:rley ( 1 969) , and a similar cond ition in another 

American oyster by C ouch ( 1 969 ) . These are the only reports of 

haematopoiet i c  neoplasia in molluscs . 

No convinc ing reports of ret icular neoplasia of insects were 

found by Dawe . 

CONCLUSIONS 

It is suggested from the preceeding consideration of neoplasia 

in sheep and o f  the epidemiological aspecto of malignant lymphoma in 

various animal spec ies that malignant lymphoma could be an important 

tumour in regard to colllparative studies. Proof of a viral e.et iology 

in murine , cavian , feline and avian species has stimulated parallel 

research in other species such as the ox , dog ,  pig ,  non-human primate 

and sheep . Of these , most progress has been made 'llith studies of the 

disease in cattle and the apparent similarities between pathological 

and epidemiological aspects of malignant lymphoma in cattle and sheep 

in European countries has provided further incent i ve for the present 

investigation into this disease of sheep .  

Relatively little informative data was available on the nature 

of m�1igna.nt lymphoma of sheep at the incer• tion of this study in 

1 970 . Host reports were derived from surveys of tumours occurring in 

slaughter-houses or examined at diagnostic stations . The "gaps" in 

knowledge j ndic 1-t ed by the literature at that t ime coupled vli th the 

invest igat i ons in o l;her sp>)cies sugr;ested tl:.o.t <m i nves i. igat ion of 
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this c ondit i on of sheep � with part icular emphasis on its experimental 

transmission , c :Julcl be of value in the fiE:J.d of c omparat ive tumour 

research.  



CHAPI'ER 2 

THE PATHOl.OGY OF MALIGNANT LYMPHOHA OF' SHEEP 

INTRODUC'riON 

Malignant lymphoma of sheep , although wel1 recognized in surveys 

of tumours conducted in s] aughter-houses and diagnostic stations 

(Tables 1 . I ,  1 . V and 1 . VI ) , has attracted li ttle attent ion beyond 

this initial recognition. There is a scarcity of data conc erning the 

pathology of this disease in sheep compared to the mass of published 

work in other species .  It  was therefore essential that , before 

proceeding to  any experi mental program , a study should be rr:n.de of the 

main pathological features of the disease as it occurs in New Zealand . 

In this chapter the pathological details from a series of 40 cases of 

malignant lymphoma in sheep are described and discussed within the 

framework of existing reports of this disease in this and other animal 

species . 

MATERIALS AND METHODS 

In all except two cases , the specimens described were obtained 

from slaughter-houses during the routine inspect ion of carcasses for 

general fitness for human consumption. The other two cases were referred 

to us by a veterinarian who discovered them during a survey conducted to 

invest igate causes of s�eep mortality. 

As � resul t of the method of carcass inspection employed in NevJ 

Zealand slangi 1"ter-· b ouses , it vJ.3.S not. poc-sible t o  examine the skin , feet , 

or uro-genital tract below the level of the kidneys in any animals . In 

some cases various parts of the carcass including the head were not 

available .for inspection because of their premature disposal ( Table 2 . I ) .  
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TABLE 2,1 
The Distribution of Histol ogically Confirmed Lesions in Spontaneously Occurring Cases of Malignant Lymphoma in Sheep Killed at 

Slaughter-houses or Found Du:ting a Survey of Sheep Mortality 

Affected Organa 

. 
" t: 

. � ' � "' 
� � g "' " . fJ, � ·� 0 " � �  � . � 
" m 1! i ! . • 3 c >o � f � .  ] -a � " � ;: § rJ, 11 � � � • 0 

Case No. A f." General condition � .� � .§ i �  " � g � 0 ... " � � � § " . � i  " il � e :Ji of carcase 
0 ... " j s . � a:l .-4 �  p, 

.., "' .., "' " <n •M "' < .., < "' "' .. "' "' 

401082 Mature Poor 0 
7286 Lamb Good 0 0 
6426 Mature Poor * 0 0 0 
6186 Mature Poor 0 0 0 
6026 Mature Good 0 0 0 0 
5669 Mature Good 0 0 0 0 
5651 Mature Good 0 0 
5487 Mature Poor 0 
4858(2) Mature Poor 0 0 0 0 0 0 0 0 
4828( 1 .3) Mature Poor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4827(,) Mature Poor 0 0 0 
4823( 1 ) Lamb Good 0 0 0 0 0 0 0 0 0 0 0 
481 1 Mature Poor 0 0 0 
4715 Mature Good 0 0 0 0 
471 3 Mature Good 0 0 0 
471 2 Mature Poor 0 0 0 0 
4699 Mature Good 0 0 0 
4548 Mature Poor 0 
4292 Unlmown Unlmown 0 0 0 0 
4098( 4) Mature Good 0 0 0 0 
4097( 4) Mature Good 0 0 0 
3855 Mature Unknowp Q 0 0 0 
Percent. affected orS,!ns in cases fl:fi 13 68 20 �8 �:z �1 �1 21 J6 1 1 11 1! ZQ ZQ :n 

Lesions present. 

Lesions absent. 

0 Organ not inspected. 

( 1 ) Thoracic and abdominal viscera detached from carcass during routine 

inspection and were not examined. 

( 2) Thoracic and abdominal viscera detached , with the exception of a portion 

of liver attached to diaphragm ,  from the carcase and were not examined. 

( 3 )  caeee obtained from the same property. 

(4) Cases obtained from the same property. 
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Material for histological study was fixed in 1 0  per cent . formal­

saline and processed for paraffin sectioning by routine histological 

techn iques. Sect ions were cut to approximately five micron thickness 

and stained by haematoxylin and eosin ( HE) , Gordon and Sweet ' s  stain 

for ret icul in and sometimes peri odic acid-Schiff , Ziehl Neelsen , 

picro-l"lalloTy , Giemsa and toluidine blue methods . Impression smears 

were fixed wi th 1 00 per cent . methanol and stained by the May-Grunwald­

Giemsa method . 

In 1 0  cases which were suitable for electron microscopy , one 

millimetre cubes of tumour t issue were fixed within 30 min. of slaughter 

in Karnovsky ' s  solution at 4°C ( Appendix I) and post fixed in 1 per 

cent � osmium t etroxide in 0 . 1 M  phosphate buffer . After processing 

and embedd ing in epoxy resin by routine methods (Appendix I ) , sect ions 

were cut on an LKB III ultramicrotome , stained with uranyl c itrate 

and Reynold ' s  lead solut ion (Reynolds , 1 963) and examined in a Phil ips 

EM 200 electron microscope . Sect ions of epoxy resin embedded t issues 

one or two microns thick were examined by light microscopy after staining 

with haematoxylin and phloxine ( Shires , Johnson and Richter , 1 969) , or 

tolu idine blue .  

In  addit ion to  the 22  cases from which fresh t issues were available , 

paraffin embedded material was examined from an additional 1 8  cases 

held in the files of the Department of Veterinary Pathology and Public 

Health ,  Massey University.  

RESUl,TS 

The Gross Pathology o f  Malignant Lymphoma in Sheep 

The distribution of tumours and the age and general carcass condition 

in a series of 22 sheep <tffected 'oy malignant lymphoma for which 

pathological cietails c o'v<l d.  te  docum2n t ;:; d  is sho;m on Table 2 . 1 .  All 
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gross lesions were c onfirmed histologically . Table 2 . II shows the 

patho-anatomical form o f  the di.sec:.c;e oc curring in these c ases , acc ording 

to the c lassificat ion of Anderson , Jarrett and Crighton ( 1 969) 

( Appendix II ) . 

Lymph nodes 

Tumours in lymph nodes were found in all except three cases in 

this series . In two of these one or both kidneys only were involved 

and in the other both kidneys and spleen were affec t e d .  The regional 

lymph nodes of these kidneys were not personally examined and the 

possib ility remains that they may have sho�rr1 some ev idenc e of neoplast ic 

involvement or that small primary neoplas t i c  foc i elsewhere in the body 

may have been overlooked .  It was common t o  see more or l ess general­

i zed involvement of· most lymph nodes by the disease process but lymph 

nodes of c ertain anatomic groups were more c ommonly affected t han 

others . Gross tumourous enlargement of lymph nodes was det e c t e d  in 

the sub- lumbar and il iac regions ( Figure 2 . 3 )  in 1 4 of 1 9  case s , in 

the mediast inal region ( Figure 2 . 2 ) in 1 3 of 1 9  cases ru1d in the 

mesenteric ( Figure 2 . 1 )  and cervical regions in 1 2  of 1 9  c ases . In 

the maj ority of cases there was b i lat erally symmetrical enlargement 

of paired carcass nodes ( Figure 2 . 4 ) . Affected nodes , despi t e  even 

mass ive enlargemen t ,  usually retained their shape except in s ome 

d.nstanc es where nodular masses produced a. capsular irregular ity 

( Figure 2 . 5 ) or where extra-c apsular spread result ed in the fus ion 

of hm ad jac ent nodes ( Figure 2 . 3 ) . The ir c onsist ency �1as firm but 

if severely swollen they c ould be ruptured with relat ively l i t tle 

1 )Ssure . The cut s<1rfac e of grossly enlarged lymph nodes showed a 

bulging , glist ening , grey-v:hi t e , homogeneous ma.ss of t i ssue in whi ch 

the normal medullary and cort ical features c ould not be dist inguished 

( Figure 2 . 6a) . lr. lcsG ::ocvcrcly affe c t ed c as e s  lymphoi d  follicles 
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TABLE 2 .  II 

The pat ho -anat cmi cal claRsificat ion of cases of 

spontan_£_?U.sly oc curring mnlignai;.t lymphoma in. 

sheep k illed at slaughter-housec or found 

during mortality surveys 

Mult icentric Alimentary Thymi c  
form form form Skin form 

Case No . 7286 Case No . 6026 Case No . 471 3 Case No . 401 082 

" 6426 " 5669 

" 6 1 86 " 4823 

" 5651 " 4699 

" 5Lr87 " 4 292 

" 4858 " 3835 

" L�828 

1 1  4827 

1 1  481 1 

1 1  471 5  

" 471 2 

1 1  4548 

" 4098 

1 1  4097 

Totals 1 4  ( 63 . 6?0 6 ( 27 . 3%) 1 ( L� . 5%) 1 ( 4- . 5%) 
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Figure 2 . 1  

Malignant lymphoma causing enlargement of  the mesenteric 

lymph nodes ( large arrows ) cmd haemal lymph nodes ( small 

arrows ) of a lamb u 

Figure 2 . 2 

Thoracic organs of a sheep with malignant lymphoma . 

There is neoplastic swelling of the inc ised posterior 

mediastinal lymphnodes ( A) , bronchial lymph nodes (B) and 

ant erior mediastinal 1ymph nodes ( C ) . 
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Figure 2 . 3 

Enlargement of the supe1:fic ial inguinal ( A ) , prGcrural ( B) , 

iliac ( C )  and sub lumbar ( D) lymph nodes in a sheep with 

malignant lymphoma. Adjacent lymph nodes ( arrow) show 

fusion a.s a. result of extra-capsular extension of the 

neoplasm . 

Figure 2 . 4 . 

Bilateral involvement of the popl it eal lymph nodes with tumour 

( &rrov.:s ) . 

Same case as Figu re 2 . 3 . 
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Figure 2 . 5 

Tumourous enlargement of  the anterior mediast inal 

lymphnodes ( A )  of a sheep with ma� igr..ant lymphoma . 

In this case there is marked nodularity and fusion of 

acijacent l esions ( compa-::-e with Figure 2 . 2 ) . 

Figure 2 . 6 

Inc ised lymph nodes affected  with malig�1ant lymphoma . 

In ( A )  the spread of malignant c ells have resulted in the 

obli t erat io!1 of normal cortical , rr,edullary and capsular 

features . In ( B) the neoplast ic proc ess has acc entunted 

follicular regions in the co:r·tex ( arrm-..ra ) . 
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haemorrhages and foc i of n e c rosis were often present , part i c ularly 

i n  the ou ter c ort i c al r e g � ons ( Figure 2 . 7) . Fibrosis and calc i f i c at i on 

of such areas were occ asionally encount ered.  

Neoplas t i c  involvement of the haemal lymph nodes was observed 

in only on c ase . In this instance all the haemal nodes examined were 

spheroi dal and swollen to a d iame t er of up to 0 . 5  c m  ( Figure 2 . 1 ) .  

Their c onsistency was firm and the cut surfa c e  was bu lging , r e d  and 

homogeneous . · 

Spl e en 

The spleen was affe c t e d  in 1 4  ou t of the 1 9 cases exami ne d . 

N eoplas t i c  invol vement was diffuse i n  n ine o f  these , with the organ 

weigh ing up t o  two and a hal f t imes more than expe c t e d .  The cut 

surfac e \·Jas soft and bulging , vJi th � alpigh i an corpuscles some t i mes 

accentuat ed ( Figure 2 . 8 ) . In seven of the affe c t e d  spl eens , including 

two showing predominantly d i ffuse l e s i ons , nodular tumours w i t h  

sharply defin�d borders oc curred vJhich sor.1et imes c aused c apsular 

dist ort i on ( Figure 2 . 9 ) . 

L i v er 

�'he l iver was the most comr,Jonly affe c t e d  non-lymphoid organ . 

There was e i ther nodular or d i ffuse involvement with t umour i n  1 3  

out o f  1 9  c ases examin ed . Th e nodular form was usually mul t i focal 

with nodules of tumour being scat t ered throughout the l iver substance , 

often causing distort i on of Cil i L�son ' s capsul e  ( F'igure 2 . 1 0) .  \vhen 

involvement was d i ffuse the � al e  ceoplast i c  t issue frequently showed 

indi.st inc t ·oorc k::·s with r1 or•nal i ver c d emphasi zed he l obu�_at i on 

of the part ially infiltrat ed hepat i c  parenchyma . Metastases t o  the 

port a-hepat i c  lymph nodes were seen j n  assoc iat ion with e i Ght of t en 

affe::c t  d J i vers i :�  ;,:hic:l tlwGe 1 10 d t�s \-:ere: examined . 
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Figure 2 . 7  

Inc ised lymph nodes (L . N . ) from sheep \.,;it h  mali gnant · 

lymphoma showj ng some of the c ommonly observed eross 

pathological features of the di sease in these organs . 

These inc lude : ac centuat ion of follicular struc ture ( A ) , 

oblit erat ion of normal nodal architecture ( B ) , haemorrhage 

and necrosis ( C )  and fu.sion of ad jacent lymph nodes as a 

result o f  extra-capsular ext ension of the neoplasm ( D) . 

Figure 2 . 8 

Diffuse splenic enlargement in ovine mal ignant lyrlphoma 

·,vHh ac c entuat ion of Malpighia..'1 corp:.1scles ( arrows ).  



H/� I ! 1 ' ' ' ' ' ' ' '� 1 1 1 1 1 1 1 1 1! 1 1 1 1 1  
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Figure 2 . 9 

Nodular tumours ( ar-rows ) in the spleen of a sheep with 

mal i gnant lymphoma. 

Figure 2 . 10  

Multiple nodular neoplast ic  lesions causing distort ion 

of the capsu1e of the liver in a sheep with malignant 

lymphoma. 
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Kidneys 

Tumour w�s pr esent · n  the kidneys of  10 of 2 1  cases examined.  

Lesions affected both kidneys in e i ght of these  and were restri cted in  

all exc ept one case to the cor t i c es .  The larger tumours were raised 

above the c ort ical t issue caus ing d j s t ort i on o f  tl1e nm l capsule 

(Figure 2.  '1 "1 ) .  'l'hese nodules of neoplast ic t .i. ssue were frequently 

the site  of  focal haemorrhage an d necrosis . 

Heart 

!nvasion of the heart was recorded in 4 o f  1 9  cases .  In  all 

instan ces the tumour involved cardiac muscle and adipose t issu e in 

the region of the right auricle ( Figure 2 . 12 ) . 

Rumen � reticulum , abomasum and intest ines 

Early lesions of maligna.Ylt lymphoma found in tubular organs of 

the digestive trac t 1!/ere present in the submucosa . In more advanced· 

lesions the muscle coats � peritoneal surface and mucosa vJere all 

thickened by the neoplastic t i ssue . \�1en lesions were observed in 

the je junum and i l eum � Peyc r ' s pat ches \·Jere the s ites of greatest 

neoplastic involvement ( Figure 2 . 13) . 

Other organs 

Although involvement of bone marrow was d iagnosed histologically 

in four cases , gross lesions were detected in one an imal unly . In this 

case � the red marroH · of the proximal femur had been part ially replac ed 

by white � gl istening , tumour t is.suc� . A focus of  malignant lymphoma 

was also present in the body o� a thorac ic vert ebra a nd this had 

extended dor�alJ.y t o  i nvade the Gp inal cord and dura mat er . 

Plaques of neoplast ic t i ssue v1cre found in the ornentm1 j n four 

cases and the diaphrac;m of tvw ( Figure 2 . 14 ) . Nodular tumours affec t -

j ng adrenal s �  lun rrs . pancre>ac , ve:cg i nc , uteru c c:m<i c ervix were also 
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F'j_g,.lre 2 . 1 1  

The incised kidney in a c ase of ovine mal ignant lymphoma i n  

which nodules of tumour material have formed in t h e  c ortex 

( arrows ) . There is hydronephrosi s  result ing from tumourous 

o c c lusion of the ureter ( A ) . The renal lymph n o de ( B )  i s  

neoplast i c . 

Figure 2 . 1 2  

The heart o f  a sheep with malignant lymphoma . The right 

atrium an� r ight vent r i c l e  have been opened t o  show the 

tumour nodule in the atrial wall and c ardiac adipose t issue 

( ar:rO'vTS ) • 
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Figure 2 . 1 3  

The mucosal surface of segments o f  ilium from a 

sheep with malignant lympt.oma. Nodules of tumour 

tissue ( arrows) are present in the subr!lucosa . 

Figure 2 . 1 4 

A tumourous plaque ( A )  on the diaphragm of the case 

illustrated  in the previous figure . 
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The Hist ology of Mal ignant Lymphoma in She� 

Lymph nodes 

52  

'l'he histological appearance of t he affec t e d  nodes varied c onsider­

ably depend ing upon the degree of tumour inf iltrat i on whi ch had 

occurred . Lymph nodes were seen in whi ch some of the normal hist ologic al . 

architec ture remained ,  1:1hi l e  in adjac ent nodes the normal features were 

no longer .�vident . The afferent lymphat ic vessels and subcapsular 

sinuses we:·e the areas colonized f irst by the neoplast i c  c lls ( Figure 

2 . 1 5 ) . Clogging o f  the medullary sinuses and thickening of the 

trabeculae ( Figure 2 . 1 6 ) occurred next and finally invasi on of 

cort ical structures with resultant oblit erat i on of al l normal 

architec tural features ( Figure 2 . 1 7 ) . The destruct ive nature of this 

infiltrat ive proc ess was well illustrat ed in sect ions stained by 

Gordon and Sweet ' s  method in which distort ion of the normal arrangement 

of ret i culin fibrues was c learly demonstrable ( Fig�res 2 . 1 8 and 2 . 1 9 ) . 

Further ext ension of the neoplastic  proc ess involved massive 

c apsular ru.1 d  extracapsular i nfiJ .b ·at i on ( Figure 2 . 20) . : Ie •.::rosis , 

usually focn l  a.>1d occasi or:aJ.ly ext bnsi ve , v;as c ommonly ·ore sent in all 

infiltrated areas o f  the node and espec ially at the periphery . Focal 

haemorrhage , dy strophic calc ificat ion and fibrosis were c ommon ( Figures 

2 . 21 , 2 . 22 , 2 . 23) . Crystal shaped clefts , shown in frozen sec t i ons to 

contain chol esterol by mee..ns of the Romieu ( � 927) method ! were noted 

occas ionally in areas of chronic inflammat ory react ion ( Figure 2 . 23) . 

No Hassall ' s  c orpu scles or o ther evidenc e of thymic struc ture 

were seen i:n the anterior medi astinal lymphoiri masses exc.�ined in case 

1+71 3 ( Fi gore 2 . 5) . It  could not there fore be de fini t ely establi shed 

as be ing of thymic origin . A histological feature common to many of 

the tumours was the so-called "sta:cry sky " e,ppearance ( 0 1  Conor and 

Davi es , 1 960) impn r t e d  by occasional c lear ph agoc yt i c  his tocyt es 

among the masses of l ymphoid ce11 s  ( Figures 2 . 1 7 ,  2 . 211. ) . 
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Figures 2 . 1 5 to  2 . 23 : Lymph node 

infiltrat ion by neoplast i c  cells in ovine malignant lymphoma 

Figure 2 . 1 5 

Neopla s t i c  l�phoi d  cells in the sub capsular sinus ( arrow s )  

HE X 300 

Figure 2 . 1 6 

Neoplast i c  lymphoid cells in the medullary sinuses 

(arrows ) adjac ent to tumourous cort ical tissue ( C )  

HE x 300 

Figure 2 . 1 7  

Cortical region showing obl iterat ion · of normal 

features and a "starry sky" appearance . 

HE x 300 
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Figure 2 . 1 8  

Thi ckening and infil tra ti:on by ne opla<ijtic  cells  of 
the capsule of a lymph node . 

HE x 1 20 

Figure 2 . 1 9  

lt.Thole mount sect ion o f  lymph node with advanced 

tumourous change showing distort ion of reticuli� 

network .  Compare with normal node in figure 2 . 1 9  

below. 

Gordon and Sweets x 4 

Figu re 2 . 20 

Normel lymph node . 

Gordon and Sweet's x 6 
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Figure 2 . 21 

Cortical region of tumourous lymph node shov1ing an 

area of necrosis ( N )  

HE x 1,200 

Figure 2 . 22 

Cort ico-medullary region of lymph node in malignant 

lymphoma showing an area of chronic damage with 

necrosis ( N ) , fibrosis ( F) , calcificat ion ( large 

arrow) and cholesterol clefts ( small arrows) . 

HE x 300 

Figure 2 . 23 

Multinucleated giant cells ( large arrows ) in a.n 

area of chronic inflammatory reaction assoc iated 

with tumourous involvement of a lymph node . 

Note cholesterol clefts ( small arrows ) . 

HE X 1,200 
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Spl e en 

Mal ign ant lymphoma oc curred in two histological patt8rns in this 

organ . In 111ost ca ses the n o rm:1l :!'eatures shO\·m by Malpic;hian 

corpuscles and si nuso ids \vf�re obscured. by their dif:'use iro.filtrat ion 

by neoplast: c cells ( Figu.re 2 . 21+ ) . Cases in which the gross appearance 

of the tumours was n odular or in which acc entuation of Nalpi ghian 

corpuscles �.ad occurred , the ou tstanding �istological feature was the 

focal accumulat ion of ueoplastic  c ells at these sites ( Figure 2 . 25 ) . 

In other r e spects the changes observed were s imilar t o  those in the 

lymph nodes . 

Liver 

The first e v i d en c e  of turnour infiltrat ion in this organ was 

usually  seen at th e portal triads ( F i &�re 2 . 26 ) . Subse quent infiltra­

tion iuvolved per iac inar and centril obular regions of the parenchyma 

and eventua:Lly result"d in the obliteratior.. of normal hepa t i c  

archit e c ture ( Figure 2 . 27) . Howe ver i n  three cases there wa.s intra­

vascul ar �1d in tra sinusoidal ac cumulation of tumour cells without 

accompanyiJ!B destruct ion of l iver parenchyma . In sect ion s  from one 

of these cases , neoplast ic cells were seen in part i cularl y large 

numb ers in almost all portal blood vessels ( Fj_e,;ure 2 . 28 ) .  The blood 

vessels of lung and kidney in this case showed s im ilo.r � �lthough less 

spectacular , intravascular accumulat ions of lymp:w c y t e s  suggest ive of 

a true l eukaemia . 

Kidneys 

The pathog;enesiE o f  the kidney les ions was r emarkabJ y consta.."lt 

from case to  c ase . T h e r e  wo.s progl ' e ss i ve :!. 1 f iltrab.on c; f  cort ical 

inters t i t ial t issues l ea ding to the e ventual destruct ion of the affected 

r egi on ( Figures 2 . 29 ,  2 . 30 ,  2 . 31 ) . The ext ent of t h e  disrupt ion of 

normal renal a.r cl-J j t P.c tu re wRs well i ll u strat ed by the abno rmal pa.t t crn 
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Figures 2 . 24 and 2 . 25 .  Spl eni c changes in ovine malignant lymphoma 

Figure 2 . 24 

Total loss of normal hi st oloei cal de tai l  in a diffusely infi l tra t e d  spJ!een . 

Note the "starry sky" appearance .  

HE X 300 

Figure 2 . 25 

Accentuat ion of Malpighian corpus cles ( arrows ) in a case in whi c h  

the neoplasm '1-ras nodular on gross examinat ion . 

HE x 300 
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Figure 2 . 26 

Early stage of hepat i c  infiltrat i on in malignant 

lymphoma with early focal tumour aggregat es in 

portal and s inusoidal regions . 

HE x 300 

Figure 2 . 27 

The lesion i llustrat ed in figure 2 . 26 progresses 

through this stage and eventually obl it erat es 

entire hepat i c  a cinar uni t s . 

HE x 300 

Figure 2 . 28 

A . portal reg ion in case No , 7286 showing large 

numb�rs of lymphoid c ells \•Jithin the hepat ic portal 

vein , sugge st ive of frank leukaemi a .  

HE X 1 1 200 
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Figures 2 . 29 t o  2 . 33. Progressive tumourous involvement in kidneys 

of sheep with mal i gnant l ymphoma . 

Figure 2 . 29 

Early perie;lomerular an d int erst it ial infiltrat i on 

about renal tuhl l l es .  

HE X 300 

Figure 2 . 30 

A more severe lesion than that illustrat ed in the 

previous figure . Degenerat ive changes are 

apparent in the tubular epithel ium . 

HE X 300 

Figure 2 . 31 

LeGion in v;hich the i�vadir..g c ells have rlestr0yed the 
usual histological features of the renal c ort ex . 

Tubular rerrillants ( arrows ) may be detec t e d  around 

the atrophied glomerulus ( A ) . 

HE X 300 
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Figure 2 . 32 

The normal appearance of the r enal c ortical r e t i culin f ibres . 

' 
Gordon and Sweets x 300 

Figure 2 . 33 

A s imilar field to that depicted above in the kidney of a sheep with 

advanc ed tumourous lesions in the kidney . Not e the distort ion of 

the normal arrange:nent of ret i culin fibres . 

Gordon and S1-.reet�s x 300 
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of reticulin f ibres ( Figures 2 . 32 ,  2 . 33 ) .  

Focal haemorrhage and necrosis was c ommonly seen in the neoplasms 

and somet imes this vJas associated with focal c al c ificat ion and f ibros is . 

Heart 

Considerable var iat i on was present in the sever ity of l e s i ons 

affe c t ing t h is orga.n , b'...1t as already not ed in rega!'d t o  lymph node , 

l iver and kidney , the d isease was progressive . Spread was by inf iltra­

t ion b etween rr.usc l e  f ibres and int o epicardial adipose t issue which l e d  

t o  t h e  eventual d e st ruct ion of these t issues ( Figures 2 . 34 , 2 . 35 , 2 . 36 ) . 

In 1 6  cases in which there was no gross evidenc e o f  mal i gnant lymphoma 

sec t ions of the heart were examined microscopically and in f ive of these 

animals neoplast ic infiltrat ion was recorded . 

Rumen , r e t iculum , abomasum and intest ine 

In these organs there was init ial c olonisat ion of the submuc osa 

by tumour c ells followed by progress ive infiltrat ion of the muc osa and 

muscular layers ( Figures 2 . 37 , 2 . 38 , 2 . 39 ) . N eoplast i c  infiltrat i on o f  

enlarged Peyer ' s pat ches was also noted i n  those cases i n  which the 

je junum and ileum was affec ted . 

Lungs 

The neoplast i c  lesions seen in the lungs of two of the three 

aff e c t e d  cases wer·e s imilar hist ol ogically to per ibronchial lymphoid 

hyperplasia assoc iated with granuloma format i on c aused by the c ommonly 

occurring small lungworm of she ep Mu ellerius capiJ.leris . However the 

pro l i ferat i on of lymphoid c e lls was far· in exc ess of that normally 

enc ountered in t h i r3 poras i t ic c ondit ion and furthermore ther3 were 

d i st inct subpleural drifts and nodules of lymphoid cells loJhich were 

unrelated to parasit i c  granul omas . In the other c as e , parasit i c  

lesions were n o t  evident and ext en sive n e oplas t ic les ions w e r e  present 
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Figures 2 . 3�- t o  2 . 36 . Progressive tumourous infiltrat ion of  

myocardium in malignant lymphoma of sheep . 

Figure 2 . 3'+ 

Light infiltrat i on of  lymphoid ceJ.ls between the 

muscle fibre bundles . 

HE x 300 

Figure 2 . 35 

A lesion of  increasing severity. The darker 

myocardial fibres to the . r ight of t he illustrat ion 

show degenerat ive change . The Purkin j e fibre 

( P) appears unaffected . 

HE X 300 

Figure 2 . 36 

Heavily infiltrated myocardium 

HE x 300 
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Figures 2 . 37 ,  2 . 38 , 2 . 39 

Diffuse infiltrat ion of tumour cells in submuc osa ( S ) , 

muscularis muc osa ( HM)  and muc osa ( M )  of the abomasum 

in malignant lymphoma . Not e the presenc e of neoplast ic 

cells in a vein in Figure 2 . 39 .  

HE x 300 
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Figure 2 . 40 

Peribronchial infi ltrat ion by c ells in ovine mal ignant 

lymphoma affect ing the lung. Bronchial epithelium ( arrow) 

has been destroyed by the invasive lymph ocytes and alveolar 

spaces adjacent to the neoyJlasm show ac cum'.ll<'..tt ion of fluid . 

HE x 300 
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throughout the lungs apparent ly c entred on the peribronchial lymphoid 

t issue ( Figure 2 . 40 ) . 

0th8r organs 

All othe:c t issues and organs examined ( Table 2 . I ) showed the 

general features of mal ignant lymphoma already descr ibed . Invar iably 

there was a progresai ve inf il trat i on and replac emel<t of normal t issues 

by neoplast i c  elements t o  give rise to plaqu e s , nodules an d d i f fuse 

tumours . The bone marrow from three of the seven animals i n  which there 

was no gross evidenc e of neoplasia at this s i t e  sho1:1ed infiltrat ion of 

the marrow and replac ement of normal haemat opo i e t i c  c ells by ne oplast i c  

c ells when examined microscopical l y .  

Cytology of Mal ignant L2l
muhoma in Sheep 

Table 2 . III shows the c lassificat i on of cases of mal ignant lymphoma 

in this series acc ording t o  the ir c yt ologic features . There was u sually 

c ellular pl eomorphism shown by the neoplast i c  cells in any one case and 

this was noted part i cularly in the more prim i t ive forms . Consequently 

the c ases have been c lassi fied on the bas i s  of the predominan t cell 

t ype present ,. 

The lymphoblast oid type of c e l l  Has charac t er ised by extretie 

immaturity resembl ing t hat of a stem c ell . The c ells were not assoc iat ed 

with s il ver-posit i ve fibres . The maj or ity of nuclei  were large , 

spheri c al or ovo i d , although irregular forms were c ommon . They were 

leptochromat ic Hith niargin a t e d  chromat in . Large , somet imes mul t iple 

nuc l e o l i  were preGent in a high �ropor t illil of c ells . The cytoplasm was 

ext ensive and \veakly to moderat ely basophil i c  ( Figures 2 . Lr-1 , 2 . 42 ) . 

'rhe prolymphocyt i c  type was charac teri zed by a spherical c entrally 

s ituat ed nuc leus which was smaller and relat i vely pachychromat i c  in 

c ompar ison to the lymphoblast oid t ype . It was however frequently 



TABLE 2 . II I 

\.0 The cyt o l ogical clas s i f i c a t i on of 40 cases of spontane ously 
L.f\ 

occurring mal ignan t lymphoma in sheep killed a t  

s la ughte r-house s o r  found during mo rtal i ty surveys 

Pre dominantly Lymph oblas t i c/ Pre dominantly Predomina.11 tly Re t i c ulum c e l l  

lynpho '::ll a s  b c prolymphocy t i c  pro lympholytic l;ymphocyti c s arc oma 

Case No . 6 1 86 C as e  No . 4823 C ase N o . 7375 Case No . 4858 Case No . 4548 

11 6026 1 1  47 1 5  1 1  7286 ll  4292 If  4303 

11  5651  If  4097 11 6426 1 1  3845 11  401 082 

1 1  4828 11 3835 If  5669 11  3826 

1 1  481 1 1 1  3807 1 1  5487 1 1  27 39 

fl  47 1 3  1 1  222 1 " 4827 11  400308 

11 471 2 11 3 1 01 F  
" 4699 " 2 1 36 
11  4098 1 1  691 
" 3873 11 534 
11  3658 " 400620 
1 1  639 
1 1  306075 
" 400802 

T o t als 1 4  6 1 1  6 3 

Pe rcentage of 
al l c a s e s  35 1 5  27 . 5  ·j 5 7 . 5  
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Figures 2 . 41 , 2 . Lr2 

Lymphoblast i c  cell types  in ovine malignant lymphoma showin8 

extensive cytoplasm , irregularly shaped and leptochromat ic 

nuclei ,  large and somet imes mult iple nuc�Leoli and numerous 

mitotic figures .  

HE X 1 , 600 
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possible t o  dist ingu ish the nucleolus . The cytoplasmic zone was faiLly 

broad and moderately basophilic ( Figures 2 . 43 , 2 . 44) . 

Cells of  the lymphocytic t;y-pe vJere bas:i c ally similar t o  normal 

mature lymphocyt es but they were often larger and had mo:ce cyt oplasm 

than normal cells . Nuclei  were pachychrom t ic , c entrally loca.ted , and 

nucleoli c ould not be seen ( Figures 2 . 45 ,  2 . 46 ) . 

The reticulum c ell  sarcomas G ontained the only lymphomat ous c ells 

c losely assoc iated wi th silver posit ive fibres . The features of the 

c ells ere not uniform , showing c onsiderable pleomorphism between 

different areas of tumour , ru1d differing degrees of different iation as 

judged by the produc t ion of ret icul in . These c ells varied in appearanc e  

from lymphoid stem c ell t o  hist iocyt ic types . Frequently whorled areas 

of fusiform cells were seen ( Figures 2 . 47 , 2 . 48 ,  2 . 49) . 

Ultrastructure 

Electron microscopic studies were made of the t issues from 1 0  

cases . !'lost showed many c ells in which degenerat ive changes in the 

subcellular organell es were present which may have been the result of 

autolyt ic or necrotic change , or both . Due to the destruct ive 

infiltrat ive nature of the disease , large quant ities of c ellular debris 

were present which complicated the int erpretat ion of findings ( Figure 

2 . 50 ) . Tumour c ells contained many ribosomes , polyribosomes and coarse 

mitochondria. in the cyt oplasm ( Figure 2 . 51 ) . The nuclei c ontained 

much heterochromat in and nucleoli were granular ( Figure 2 . 5 1 ,  2 . 5 2 ) 
and indent2.t :i one of the nuc lear membrane were oc casionally observed 

( Figure 2 . 50 ,  2 . 52 , 2 . 5 3 ) . 

All sec t ions were carefully examined for the presence of  virus­

like part icles . Unequivocal virus part icles were not seen , although 

in some cases struc tures resembl ing "C and A type" part icles were seen 
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Figures 2 . 43 ,  2 . 44 

Prolymphocyt ic cell types in ovine malignant lymphoma . 

The cells are smaller than those of  the lymphoblast i c  cell 

type , show less ext ensive cyt oplasm and increased density 

in nuclear staining . 

HE x  1 , 600 
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Figures 2 . 45 1  2 . 46 

Lymphocytic  cell types in ovine malignm1t lymphoma . 

Morphologically they resemtle normal lymphocyt es , showing 

a dense pachychron,at ic nL<c leus cmd a small indist inct 

cytoplasmic region . 

HE X 1 , 600 
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Figures 2 . L1 7 ,  2 . ! 1 8 

Large pleomorphic cells in the lymph nodes of sheep 

affected with ret iculum c ell sarcoma . 

HE x 1 1 600 
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Figure 2 . 49 

Product ion of  fine ret icu l in fibres by neoplasiic c ell s 

in a ret i culum c ell sarcoma . 

Gordon and Sweet ' s x 400 
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Figure 2 . 50 

Neop1a stic cells :i n  the spleen of a sh eep with 

r.Ja1ignant lymph0n1a showing a degenerate lyrnphocyt e (D)  

and an adjacent necrot ::_c  cell (H ) . A "bleb" ( arrov.J )  has 

formed in. the nucleus o:l the former . 

Electron mi crograph x 8 , 400 

Figure 2 . 51 

The nucleus and cytoplasn of a neoplastic lymphocyt e .  

The cytoplasm contains free ribosomes ( s:nall arrow) and 

polyribosomes ( large arrow) . A golgi apparatus (G)  and 

mitoclc.ondr ia ( M )  are also present . Islands of chromat in. 

granules ( C )  and peripheraJ. chromat in ( PC )  can be seen 

in the nucleus . 

Electron micrograph x 2(' , 700 
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Figure 2 . 52 

The nucleus ( N )  of a neoplast ic cell in ovine malignant 

lymphorr;a in which an indentat ion in the nuclear membrane 

( large arro·,..,.) and a large gra..'1.u1ar l1"1 teleolus ( small arrow) 

is present . 

El ectron micrograph x 24 , 300 

Figure 2 . 53 

Myelin-like bodies ( M )  within the cytoplasm of a neoplastic 

cell . The nucl ear membrane shows a prominent indentat ion 

( arrow) . 

Elec tron mi cTograph x 1 2 , 300 
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Figure 2 . 54 

Dist ended endoplasmic ret iculum in a tumour c elJ. in 

which there is a s tructure resembling a budding " C-type " 

virus part icle ( arrow ) 

Electron micrograph x 40 , 000 

Figure 2 . 55 

Part icle ( arrow) resembling a "C- type" virus within a 

vacuole of a degenerate c ell in a case of  ovine malignant 

lymphoma . 

Electron micrograph x 40 , 000 

· . 
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in the cyt opb.smic vacuoles of cells ( Figure 2 . 54 ,  2 . 55 ) , and one of 

these sect i ons a possible budding part icle was present ( Figure 2 . 55) . 

DISCUSSION 

The most impressive feature of malienant lymphoma of all spec ies 

is the enlargement of affected l ymph nodes and the progress ive spread 

of neoplastic  tissue to other lymphoid and non-lymphoid organs . In 

this series , these changes were seen in nearly all cases . Gross 

enlargement of lymph nodes was absent in three  animals only . In each 

of these cases the only lesions seen were present in the kidneys . The 

renal lymph nodes in these cases were normal on the gross post mortem 

examinat ion , but absenc e  of tumour was not confirmed hi.stologi cally . 

It seems likely that had a histological examinat ion of these nodes been 

performed , secondary l esions would have been present , because this was 

the case in the two other cases with apparently primary kidney lesions 

in which a hist ological exami nat ion of the renal lymph nodes was 

performed .  Webster ( 1 966)  also noted gross lesj ons in sh eep affect ing 

only t he kidneys . He suggested that they may be a separate anatomical 

variant of the disease , but i.t seellls unlikely that primary lymphoid 

tumours would arise at this s it e . Lesions restricted t o  the kidneys 

have not been reported in sheep by other authors , but Migaki ( 1 969 ) 

reported that solitary involvement of this organ was present in several 

pigs examined in his series . It seems })robable  t hat a small prirr.ary 

focus of tumour was located elsewhere in the body and whi ch was over-

looked dur i ng the grosG exa minat i on . 

Next to  the lymph nodes , the spl een was the second most c ommonly 

affect ed organ in this series .  Splenic involvement in n.al ignant lymphoma 

has been frequently report ed as a cornn.or:. lesion in many animal specles 

(Monlux et al� . ,  1 956 ; Cot chin , 1 960 ; Smith , 1 962 ; P.ugoson , ·1 967 ; 
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Dungworth , Theilen and Ward , 1 968 ; Jarrett �. al . , 1 968 ; Jarrett , 1 971 ) ,  

whereas it is a relc:tt ively infrequent site , VJith the except ion of 

Hodgkin ' s  di sease , in m o s t  rt1a.l i gr: ant lym!)!-wmR.s u f  rr.an ( Rappaport , 1 966 ) . 

Since pract ical ly any organ i n  ·:.::1e uody may eventually bec ome 

involved in the ne oplast ic proc ess and b ec ause of errors of omissi on 

occurring dur ing the collec t i on of spec i mens , i t  i s  beyond t he scope of  

this study t o  make de tailed c ompar i s ons of the dist:ribut i on of  lesions 

in organs of the var i ou s  spe c i e s .  The nec essity of relying upon abattoirs 

as the major sourc e of case ma t erial leads t o  some inaccurac ies  in the 

descript i on of distribut ion of lesions and est imates of disease preva­

l enc e in the sheep populat i on .  Besides the errors of omission already 

ment ioned , ce�tGin part s of the c arc ass are discarded be fore they are 

examined . :F·or ins t anc e , the urogenital t:r·c.c t  b elow the kidneys is not 

normally vi ewed in detail before its  disposal . It is  therefore 

impos sible  t o  accurat ely est imat e from this s e r i e s  the frequency with 

whi ch lesion s of the ut erus oc cur in the sheep . The ut erus is  a c ommon 

site of tumour formut ion in cattle  ( !Jfar.shak et al. , 1 962 ; Bend ixen , 1 965 ; 

Smith , 1 965 ; Hut;oson , 1 967 ; M i ga.ki , 1 96 9 )  and a.s the distribution of  

the lesions i n  sheep have nl'Jch in common w i  i;h t hose of cat tle , it  is  

possible that this organ may be a common site  in this species  too . In 

one of the two cases in which the c ompl ete uroger..ital tract was examined , 

ext ensive ut erine lesions were present . Ot her part s  of the sheep 

carcass not roub n e l y  exam i n e d  in detail in Ne \·; Zealand slaught er-

houses inc lude t he sk in ar1d mammary glands , the feet , lower l imbs , bone 

marrow , muc osal surfacc:s of the ga st ro- int e s L inal trac: c and , occasionally , 

the head . 

The po},·Yu -! <J.t i c·i' o f  :::h e eTJ slc.tur;h t cr'.O! d  J.. C not Et true representat ion of  

the sheep po�ulat ion at  larce . Most arc lambs and are  there fore less 

l ikely t o  be affec t e d  by the disease . The older ani�als killed in 
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slaughter-houses are mainly fatt ened "cull-for-age" ewes . It  is  l ikely 

that many of the animals affected by mal ignant lymphoma are emaciated 

and therefore unsuitable for human t; Onsumpt i on and c onsequently are not 

seen at abattoirs . 

Although certain organs ma.y not be examined during rout ine meat 

inspec t i on at slaughter-houses , it is cons i dered that the occasional 

absenc e of data regarding the presenc e  or absenc e o f  tumours i n  these 

organs does not preclude the use of the broad patho-anatomical class ifi­

cat ion proposed by Anderson E_t a�. ( 1 969 ) . This system of classificat i on 

appears t o  have been of some value in regard t o  malignant lymphoma of 

cattle in  that certain patho-anatomical forms of  malignant lymphoma 

appear t o  have reasonably well defined epidemiological charac t erist i cs . 

For example , the enzoot ic form of  the di::: ease is almost always mult i ­

centric in distribut i on , whereas in sporadi c  cases a high inc idence of  

the thymic form is  seen . It should not however be assumed that this 

will nec e ssarily hold t rue for the sheep . Ne ither can it  safely be 

assumed that d ifferent forms are of  differing aet iology . Tabl e 2 . IV 

shows the cases reported in the lit erature c lassified acc ording t o  their  

patho-anatomical form. With the except ion a :  �Jebster ' s ( 1 966 ) series , 

the multicentric variety is the most commonly reported form in sheep . 

It i s  quest ionable whether or not the skin form c onstitutes a class of 

malignant lymphoma in sheep which is distinc t from the mult i centric  form 

because all the c ases of the skin form c ited in Table 2 . IV also had 

lesions elsewhere in the body which were typical of the mult i centric 

form. Furthermore in sneep , in contrast to  the situat ion in cattle , 

there is  no apparent correlat ion of the skin form with any particular 

epidemiologi cal pat tern o f  the disease . 

Included in the a l i mentary form in Table 2 . IV are those cases in 

whi ch the lesions were restricted to the organs of the abdominal and 



..- TABLE 2 . IV 
1.0 

The dis tribution of lesions in reported series of spontaneously occurri ng 

mal ignant lymphomas in shee£_ 

Anatomical fo rm 
Nul ticentric Alimentary Thymic Skin O the r To tal 

Jackson ( 1 936 ) ( 1 ) 4 - - - - 4 

Head ( 1 953 )  ( 1 ) 6 - - 5 - 1 1 

Monlux ,  Anderson and Davis ( 1 956 ) ( 1 ) 1 3  - 1 6 - 20 

C otchin ( 1 960) ( 1 ) 5 3 1 - ·; 1 0 

Webs ter ( 1 966 ) ( 1 ) 3 1 4  6 -· - 23 

��ders on , Jarre tt  and Crighton ( 1 969 ) 33 - 5 6 - 44 

r.hgaki ( 1 969 ) ( 1 ) 1 5  - - 2 - 1 7  

Pauls en e t  al . ( 1 97 1 ) ( 1 )  4 2 - - - 6 

f 1 )  6 22 Pre sent series ' 1 4  1 1 -

Total (percen tage of total 
number of cases ) 97 ( 6 1 ) 25 ( 1 6 ) 1 4 ( 9 )  20( 1 3 ) 1 ( 1 ) 1 57 

( 1 ) C lassification provided by author after Anderson , Jarre t t  and Crighton ( 1 969 ) .  
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thorac ic cavit ies . Approximately 30 per c ent . of the sheep in the 

current series are inc1uded in this category . In Webster ' s series an 

even higher prevalenc e was report ed . It appear s from these results 

that this form of the disease is  of much higher prevalenc e in New Zealand 

sheep th.an those in other countries from which malignant lymphoma has 

been reported . Involvement of the abdominal organs in the absence of 

peripheral lymphadenopathy are features of malignant lymphomas in cats 

( Holzworth , ·1 960 ) and Burkitt ' s  lymphoma of African children ( Burkitt 

and O ' Conor , 1 961 ; Wright , 1 971 ) . 

Thymic i nvolvement in cases of malignant lymphoma in sheep has 

previously bee!l reported by Monlux et a! . ( 1 956 ) , Cotchin ( 1 960) , 

Webster ( 1 966 ) and �nde�son et al . ( i 969 ) . The difficulty of dist in­

guishing between thymomas containing a preponderance of lymphocytes and 

lymphosarc oma of the thymus has been c ommented on by Castleman ( 1 955 ) 

ru1d Will is ( 1 967) . In advanced cases of the latter c ondi t i on ,  the 

epithelial elements of the thymus are frequently obliterated (Anderson 

et al . , 1 969 ) result ing in difficulty in determining whether or not the 

neoplasm originated in the thymus or in anterior mediast inal or posterior 

cervical lyn:ph nojes . Dungworth et al . ( � 964 ) reported that Hassal ' s 

corpuscles c ould not be demonstrated in any of the ir series of thymic 

lymphosarc omas in c att l e .  The pathol ogical features of these tumours 

appear to b3 identi cal to the possible case of thymic lymphosarcoma seen 

in the present series . This form of the di sease is by far the most 

commonly occ ·L�rrint; manifestat ion of spontaneous malignant lymphoma of  

the lab0ratory mouse ( Sieeler , 1 968 ) , and has also be�n described in  

the cat  ( Holz�wrtt , 1 960 ; Anderson _et  o.l . , 1 969 ) and the pig ( Anderson 

et al . ,  1 969 ) . 

The mos<:; striking histological feature of the lesior..s seen in this 

series was the progressive infiltrat ive nature of the disease process 
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in the affected organ , leading t o  the eventual obliterat ion o f  its normal 

architecture . 

The progressive c oloni zat i on of lymph nodes by malignant c ells 

followed a characterist ic pattern . The afferent lymphat ics  and sub­

capsular sinuses were the first areas to show neoplastic involvement , 

followed by medullary and then cort ical regions . This pattern has not 

been noted in other reports on sheep . Marshak et al . ( 1 962 ) stated 

that the process in lymph nodes of cattle begins in the sinuses ,  

part icularly the :neduJ.lary sinus , follmved by the sequent ial infiltrat ion 

of medulla and c ort ex . Kramer ( 1 967 ) also demonstrated the init ial 

lesions in the medullary sinus , while Squire ( 1 964 ) observed neoplastic  

cells f irst e ither in the medulla.ry sinus or in the follicles . 

Several authors have observed early neoplastic  changes in the 

primit ive mesenchymal tissues of perivascular areas and in the right 

atrium of the heart . Jarplid ( 1 964)  c onsidered that the presence of 

differentiat ing lymphocytes  in the atrial wall of cattle in the pre­

clinic al phase of maligJant lymphoma was indicat ive of an early nee­

plastic  change , and the observat ions of Dur.gworth et al . ( 1 968) tended 

to confirm this observat i on . In one series of seven sheep Enke , 

Jungwit z and Rossger ( 1 961 ) found the heart t o  be involved in "most " 

animals . Paulsen. et  al . ( 1 971 )  reported gross lesions of the heart in 

one of six c a s e s  examined and microscopic evidenc e of neoplast i c  infiltra­

t ion in four of the remaining five . Involvement of the heart in the 

series reported he re Has seen grossly in four cases and microscopic 

evidence of twnonr infilt:;:-at ion was present i n  a further five cases . 

In all of these the wall of the right atrium was ffected.  

Some d.L:t. fic1.;lty was encountered in dec iding whether or not  lymphoid 

cell aggregates in the lungs of these cases were of neoplastic  origin . 

Peribronchial lymphoi d hyperplasi& i s  a common inc idental pathological 
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finding in sheep and may be assoc iat ed with a variety of influences 

including various chronic inflammatory states such as parasi t ic infesta­

t ion and chronic enzootic pneumonia . Because of the difficulty in 

differentiat ing peribronchial lymphoid hyperplasia from lymphoid neo­

plasia , the report of Swaen and Van Heerde ( 1 973) of pulmonar:y reticulum 

cell sarc oma affect ing 80 per c ent . of Wistar re.ts from their  laboratory 

must be viewed with reservation unt il c onfirmed by others . It is  

unusual for ret iculum cell sarc omas to develop without metastasis t o  

other organs a s  was reported in the majority of their cases . Furthermore , 

the lesions described by them were fairly typical of those seen in the 

commonly occurring chronic pulmonary disease of rats ( Innes ,  Garner and 

Stookey , 1 967) . 

In one case ( No . 7286 )  large numbers of lymphoblast oid c e lls were 

present in the blood vessels of t i ssues examined and were suggest ive of 

leukaemia . Cattle and sheep affected by malignant lymphoma frequently 

show a pretumourous lymphocytosis in the enzoot i c  form of  the disease 

( Chapter 3) , but as is the case in dogs and cats , the majority of 

clinical c3.ses are not accompanied by a frank leukaemia . 

The cytology of the malignant c ells const i tutes an important basis 

of classification of malignant lymphoma in man . Thorough studies of 

the vari ous cellular features and the clinical c ourse of the diseases 

have been reported by Gall and Mallory ( 1 942) , Gall and Rappaport ( 1 958 ) 

and Rappaport ( 1 966 ) and G consistent relat ionship between the pre­

dominant c ells type and the course and prognosis of the overt disease 

has been established .  I n  coPtrast , few studies have been made of  the 

cellular features of the malignant lymphomas in animals . Those of Bloom 

and r�eyer ( 1 9L1-5) , Meier ( 1 957) , Squire ( 1 965 ) , Hugoson ( 1 967)  and Jarrett 

( 1 971 ) showed no correlat ions between cell type a.nd clinical syndrome , 

hovJever Hol zworth ( 1 960 ) report ed that malie;nant lymphoma of cats in 
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which lymphoblastoid c ell types predominat ed t ended t o  be of shorter 

clinical duration and Smith ( 1 965 ) c onsidered that the stem c ell 

mali gnant lymphoma c on11nonly seen in ca.ttle  \·ras associated with a rapid 

c linical c ourse of the  disease in this spec i es . Squire c onsiders that 

the cytologic details of this disease in animals may eventually be of 

value in indicat ing the cl inical c ourse , the effec t of therapy and 

possibly of aet iological factors involved . 

With the except i on of the cases classed as the ret i culum c ell 

sarcomas , all malignant lymphomas in the current series are classifiable 

as lymphosarc omas of varying degrees of cellular different iat i on . No 

lesions simulating the cytologic features of the follicular lymphomas 

or Hodgkin ' s  disease of man were observed . The lymphosarcomas most 

commonly seen were c omposed of predominant ly poorly different iated c ells . 

This i s  in contrast to those described by Enke et al . ( 1 961 ) ,  Hilgenfeld 

and Krieg ( 1 965) , Nobel et al . ( 1 967) , Anderson and Jarrett ( 1 968 ) and 

Paulsen et al . ( 1 971 ) who reported that the predominant c ell t ype  

observed in the sheep with malignant ly�phoma was well different iated . 

The "starry sky" patt ern of c ellularity reported as a c onstant 

feature of the Burkitt lymphoma of 1\.frican children ( O ' Conor and Davies , 

1 960) has also been seen in malignant lymphoma of a number of  animal 

spec ies including the dog ( Baskerville , Hunt and Lucke , 1 966) , cat 

( Squire , 1 965 , Baskerville et al . ,  1 966 , Nielsen , 1 969) , sheep ( Paulsen 

et al . ,  1 971 ) and cattle ( Smith , 1 965 ) . Most au thors believe that the 

"stars" are phagocyt ic macrophages responding t o  necrotic  mat erial 

result ing from t i ssue C.estruct ion occurring in areas of rapid neoplastic 

proliferat ion . 

The ultrastructural abnormalities  observed in the neoplast ic 6ells 

of malignant lymphoma in sheep are probably of no parti cular significanc e . 

Similar cha�ges have been reported frequently in malignant lymphomas and 
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other tumours affect ing other animal species and have been generally 

int erpreted as non-spec ific (Achong and Epst e in , 1 966 ; Parker et al . , 

1 967 ;  Fu j imoto , Mi ller and Olson , 1 969 ;  Mill er e t  al. , 1 969 ;  Sonoda and 

Marshal< , 1 9'?0 ; Rangan , Calvert a!'ld Vitals , 1 971 ; Narang , 1 973 ; Schumacher , 

Szekely and Park , 1 973) . The observat ion of virus-like part icles in two 

of the cases must be int erpreted with caut i on .  Although similar 

structures have been described in and proved to be the cause of malignant 

lymphoma iu avian , murine and fel ine spec ies ( Jarrett et al . ,  1 964 ; 

Kawakami e t  al . ,  1 967 ;  Rickard et a1. , 1 96? ;  Laird et al . ,  1 968 ; Hardy ---

et al . ,  1 969 ;  Gross , 1 970) and ha·.fe been demonstrated in assoc iat ion 

with spontaneous cases of this disease in dogs ( Chapman et al . ,  1 967 ;  

Seman et al . ,  ·1 967 ;  Rudolph , 1 971 ) , cat tle ( Jarrett , 1 962 ;  Sorensen , 

1 962 ;  Ueberschar ,  1 963 i  Dutcher et al . , 1 964 and 1 967 ;  Jensen and 

Schl idlovsky , 1 964 ; Schulze , Wittmru1 and Gralheer , 1 966 ; Dutcher , 1 968 ; 

Dutta et al . , 1 970 ; Estes , Coote and Noronha , 1 970 ; and Sonoda and 

Marshak , 1 970) , sheep ( Paulsen et al . , 1 971 ) , pigs ( Frazier , Ushi j ima 

and Howard , 1 970 ) and man ( Dmochowski and Grey , 1 958 ; Braunste iner , 

Fellinger and Pakesch , 1 960 ;  Dalton , Haguenau and Molone y ,  1 962 ;  Anderson , 

1 965 ;  Dmochowski et al . ,  '1 965 ;  and Seman and Seman , 1 968 ) , the structures 

observed in the cases in this series may well have been unrelated to 

virus or t o  th0 neoplastic proc ess . With the one possible except i on 

described , "budding" forms were not seen in the sect ions examined and 

the morphology of the part icles was not well enough defined t o  c onfirm 

their viral nature . 

CONCLUSIONS 

The maj ority of sh eep affected vrith malignant lymphoma show 

generalized lympl'1.'H:; enopathy a s a result of invasion and proli ferati on 

of neoplast ic  c ell s of lymphoid origin in lymph nodes . Non-lymphoid 

organs are also involved in most cases of  the disease and in the 
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current series l iver , kidney and heart were affected in 45 per cent . or 

more cases in which they were examined . 

The general pat:hoanatomical form for classifying mal ignant 

lymphomas of domest ic animals proposed by Anderson and eo-workers may 

be appl ied to sheep . The mult icentric form of the di sease predominates 

but data from the present study and that of a previous series in New 

Zealand indicate that in this c ountry there is  a higher frequency of 

cases c lassifiable as being of alimentary tyye than that reported in 

other countries . 

The disease is  progressive and advanced lesions show t otal oblitera­

t ion of normal t issue architecture by invasi ve neoplast ic  cell s .  

Lymphosarcoma i s  the most common histological form o f  malignant 

lymphoma enc ount ered but reticulum c ell sarc omas also occur . The 

cytology of the lymphoid c ells of the lymphosarcomas varies from pre­

dominantly lymphoblastic  forms to reasonably well different iat e d  

lymphocyt ic types .  The less different iated forms predominate .  Non­

specific ultrastructural alt erat ions can be observed in the neoplastic  

cells but the presence of  virus has not been unequivocally substantiated 

in the series reported here . 

Malignant lymphoma in sheep has pathological features in c ommon 

with that in other animal spec ies . Of these it bears closest resemblance 

to this disease in cat tl e .  
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ATTEMPrS TO TH!iNSt-:rr. OVINE MALIGNJ\N'I .Ll'MPHOMA TO SHEEP 

INTRODUCTION 

Mal ignant lymphoma and relat ed  ha.ernatopoietic  neoplasms have been 

proved transmissible and of viral aetiology in several animal species 

including the chicken ( Ellerman and Bang , 1 908 , c ited by Gross , 1 970 ; 

Rous , 1 91 0 ;  Furth , 1 933 ; Burmester , Pricket and Bel ding , 1 946 ; 

Nazerian and Witter , 1 970 ) , the laboratory mouse ( Gross , 1 951 , 1 970) , 

the guinea pig ( Congden and Lorenz , 1 954 ; Jungeblut and Kodza , 1 962 ;  

Opler , 1 963 ) and the cat ( Jarrett  et al . ,  1 964 ; Kawakami et al . ,  

1 967 ;  and Rickard et al . ,  1 967) . Mastocytoma of the dog has been 

transmitted by c ell-free extracts , but the virus observed in these 

cases has not been i solated  (Lombard , Moloney and Rickard , 1 963 ;  

Rickard and Post , 1 968 ; Post , Noronha and Rickard , 1 970 ) . Transmission 

of malignant lymphoma in dogs usine c ell-free extrac ts has not been 

performed ,  although these tumours have been transplanted from affect e d  

to immune- suppressed animals ( Moldovanu et al . ,  1 966 ; Kakuk et al . , 

1 968 ; Rickard , 1 968 ) . 

It  is l ikely that bovine leukosis is transmissible by c ell-free 

extract s .  In 1 9·1 6 Knuth <md Volkmcm ( c ited by Hugoson , 1 967 ) reporte d  

transmission studies i n  which a lymphocytosis  developed i n  the experi­

mental animals .  T ransi ent or persist ent lymphocyt osis has been 

rec orded fol1cwing several other att empts to  transmit the d isease of 

cattle ( de Toit , 1 91 7 ;  Dobberst e in an d Picming , 1 934 ; Schlottler and 

Sch1ottler , 1 931+ ;  S tasney et a l . , '1 939 , all of whom were c it e d  by 

Hugoson , 1 967 ;  lioflund , Thorell and vJinquist , 1 963 ;  Bederke and 'l'oJ.le , 

� 9G4 ; The i l e n  et  aL , 1 9G7 ;  Hat ziolos , 1 968 ; \-Jcinhcld and Stra·Jb , 
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1 968 ; Rosenberger , 1 96?l ) , a.nd have been interpreted as <=t precancerous 

stat e by Bendixen ( 1 965) . Other transmission attempts i n  cat tle have 

shown ent irely n egat ive result s  ( Dut cher et a.J . ,  1 963) . 

Wittman and Urbaneck ( 1 969 and '1 970 ) reported malignant lymphoma 

in 6 of 21 sheep oc curring 1 0  to 23 mth aft er inoculat i on at one day 

of age with whole blood of cattle which had exhibited persistent 

lymphocytosi s .  Control animals \>Jere absent in  this experiment . Olsen 

et al . ( 1 972 ) reported the development o f  malignant lymphoma in five 

of 13 sheep inoculated between one and three days of age with cultured 

lymphocytes from. a cow 111i th overt lymphosarc oma and which were shown 

to c ontain "C-type"  v irus part ic les . Theilen ( 1 971 ) observed the 

growth and regression of lesions diagnosed as fibrosarcoma in lambs 

which had been inoculat ed in utero with the virus of feline sarcoma. 

There have been no reports in the literature of att empts t o  trans­

mit malignant lymphoma to sheep using cell - free tumour extrac t s  from 

sheep with th is disease . The experiments in this chapter were designed 

to invest igat e Ute hypothesis that malignant lymphoma of sheep is a 

transmissible d isease . For two maj or though possibly related reasons 

it seemed appropriate that the sub j ects  for the transmission experi­

ments should be either foetal or neonatal . Firstly , the suc cess of 

transmission eA�eriments invol ving the analogous disease in mice and 

chickens depended largely on the use of neonatal animals ( Gross , 1 951 ; 

Eckert , Beard and Beard , 1 955 : Graff·i � 1 9_57 ;  Burmester , Fontes and 

\-falter , 1 960 ; Ivloloney , 1 962 ; Beard , 1963 ; Buffet , Grace and Mirand , 

1 964 ;  Rich , Geldner anci Meyers , 1 965 ) . Sec ondly , the development of 

infect ion by th e possible presence o f  an oncogenic agent appeared t o  be 

more likely if administ ered before the rec ipient reached fuJ l immuno­

logical maturity.  Ac cordingly , lambs were inoculat ed with c ell-free 

extracts  of  lymphoid tumours e ither during th e intrauterine period of 
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development or necnataJ.ly. Following these treatments the lambs were 

monitored by haemat ological and clinical E:xaminat ions . 

HATERIALS AND HEI'HODS 

F.:x:;perimen tal 1\n imals 

The sheep used in these experiments were the offspring of maiden 

New Zealand Romney ewes which had been mated to New Zealand Romney rams � 

Conc ept i on dates of the ewes were recorded by use of marking harnesses 

a±ached to the rams . At birth the lambs were ident ified with numbered 

brass ear-tags . Between the age of two a.'1d six weeks the lambs were 

vacc inat ed against commonly occurring c lostridial diseases with a 

. l . ( 1 ) 1-- d t ' 1  ' . th . . d th commerc1a vacc 1ne ; u a a1 s removea Wl a sear1ng 1ron an e 

males were emasculated.  At intervals of one month , between Dec ember 

and May , all animals were drenched with a broad-spectrum anthelmint i c
( 2 ) 

for the first two years of age and thereafter when indicated by faecal 

count s of  \vorm eggs . Vleanir..g was at approximat ely 1 6  weeks of  age . 

The animals were rotat i onally grazed as a single mob on mixed ryegrass 

and white clover pasture . 

Inocula 

Tumour tissue was collec ted fresh from slaughter-houses and trans-

parted t o  the laboratory in dry ice where porti ons were removed 

aseptically and homogen i zed in equal volumes o :f phosphate buffered 

saline ( PES) c ontaining 200 rJ of penic illin and 200 ,ug of streptomyc in 

per ml of solut ion and using Sorval 1 10mnimixer 1 1  and a Kim�'{ t issue 
-----------

( 1 ) Saffe:!. :Ln ATS , Glaxo LaboratoriE:s , New Zealand . 

( 2 ) Banminth Il ,  Pfizer , New Zealand . 
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grinder . This homogen ate was ad just ed to a 50 per c ent . volume per 

volume suspension with the same PBS ant ibiot i c  solut ion and stored in 

aliquots of one millilitre in sealed glass vials at -?8 . 5°C .  Prior t o  

use , the homogenates were frozen and thawed twic e . Normal lymph node 

tissue was prepared in an ident ical manner for inoculat ion into control 

animals .  The various inocula used in these experiments are detailed in 

Table 3. I .  

Inoculat ion o f  An imals 

Lambs were inoculated intraperitoneally with one millilitre of 

tumour .homogenat e e ither within 12 hr of 'birth or be tween 41 a n d  68 days 

of gesta.t ion. 'rable 3 .  II shows the design of the various treatment 

groups . 

For in utero inocul at ion the pregnru1t ewes were anaesthet i zed by 

intravenous in j e ct i on of a five per c ent . solut ion of thiopent one sodium 

and following intubat i on with a cuffed endotracheal tube were maintained 

in a surgical plane of anaesthesia with a hal othane/oxygen mixture . 

With the ewe in right lat eral recumbency the uterus was ext eriorized 

through a laparotomy inc ision in the region of the left paralumbar fossa . 

The foetus was palpated through the uterine vmll and guided by the 

lateral proc esses of the 1umbar vertebrae , the tumour homogenate was 

introduced into the foetc..l per i t oneal cavity using an 1 8  gauge ( BSW) 

needl e .  The gravid uterus was then returned t o  the normal posit ion in 

the abdomiEal cavity and the abdominal '.vour..d su tured . Ewes were kept 

under c l ose observe1 t ion for 24 hr and then returned to pasture where 

they were obser ved regularly . At b irth the treat ed lambs were ident i fi ed 

by numbE:rE:d brc.>_ss �2 r t :::.gs . 

The l::unbs i nocu lat ed neonatally were given the same volume of 

inocu la , by the same rou t e  an d were ident i f i e d  in the snme ma.rmer a.s 

t l 1 ns e  desc r ibed above . 



'I'ABLE 3.  I 

Tumour Homogenat es Used in Transmission Experiment s 

Inoculum 
designat ion 

Control 

HistologicaJ form 
of malignant lymphoma 

Lymphoblastic 

Lymphocyt i c  

Lymphoblastic 

Organ from whi ch tumour 
t issue obtained 

Lymph node 

Lymph node 

Thymus 

Lymph node ( normal) 
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TABLE 3 . II 

Ident i ficat i on of Lambs Ir:cc ula ted wi t;i Tumour and Control Extracts 

c:.nd the Time o f  Inoculat i on 

Time of Inoculat i on : -

Inocula During Gestat i on Neonatal Total Lambs Inoculated 

011 
401 402 20 
404 420 
4o8 421 
41 2 425 
41 3 426 
4 1 9  427 
431 428 
433 �-32 

( 1 )  434 
435 

012 
405 403 20 
414 406 
415  407 
41 8 409 
423 4 1 0  
Lf29 41 1 
430 4 1 6  

( 2 )  41 7 
422 
436 

01
3 

437 8 
438 
439 
440 
441 
443 
442 
4� 

Normal 
lymph 
node 424 ( 3 )  4 

Total 24 28 52 

( 1 ) Two inoculat ed la mbs lost from this group during gestat i on 

( 2 )  Thre e  inoculat ed lambG lost from this group during gesta t ion 

( 3) Three inocula ted lambs lost from this group during gestat ion 
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Control a.nimals formed two groups . 'I'he contact controls which 

were bred from ewes in contact with the dams of  the treated animal s , 

were managed with the treated grou.ps . At the beginning of  the 

experiment this group comprised '1 5 lambs . 

The population control group was made u:p of 20 sheep mat ched for 

age and breed and drawn at random from a Nassey University c ommerc ial 

flock at the t ime the blood sampling was performed . Four lambs were 

inoculat ed in ut ero with c ell-free extracts  of normal lymph node t i ssue 

as a control group for the intra-ut erine inoculat ion tumour group . 

Detail s of identi ficat i on , inoculation and age of  experimental 

animals not noted in Table 3 . II are shm·m in Appendix IV. 

Haematology 

After the first 1 0  months t otal and different ial leucocyt e  c ounts 

were performed on all surviving animals at intervals of  four t o  six 

months . Bl ood from the jugular vein was collected in 1 00 x 1 6 mm 

"Vacutainer"
( 3)  vials c ontaining 1 2  mg of  sodium ethylene diamine tetra-

acetic  acid ( EDTA ) . Total leucocyte c ounts were made using e ither an 

automat ic particle-count er
( 4 ) or a Neubauer haemocytometer . The part icle-

counter was available  for use during the examinations performed during 

December 1 972 and April 1 973 . Different ial leucocyte c ounts 1r1ere performed 

on blood films stained by the May-Gr�nwald-Giemsa method ( Darmody and 

Davenport ,  1 958 ) . For t otal white c ell c ounts less than 1 0 , 000 per mm3 , 

1 00 cells were differentiated  and for c o�nt3 above 1 0 , 000 per ��3 , 

200 c ells were different iated.  Cel1 counting pro c edures were c arried 

( 3) Bect on-·Dickenson a..nd Co . , New Jersey.  

( 4 ) Celloscope I I I , Lars Ljunberg and Cc . , Sweden . 
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degree of  fluctuat ion in cell counts of  animals in the interval 
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between flock bleedings , a group of 10 sheep which had been inoculated 

with tumour material were selected for leucocyte count ing at 10 t o  1 2  

day intervals over a four month period . Eight of the 1 0  an imals chosen 

had shown lymphocyt osis at the beginning of this period while two had 

been within the norma]. lymphocyt e range . 

Deaths i n  Ex:perimental Animals 

A post mort em examinat ion was carried out on all animals dying 

during the c ourse of the experi�ents . Particular attent ion was paid 

to examinat ion of lymphoid t issues . 

RESULTS 

Clinical Examinat ion 

No clinical sign of overt malignant lymphoma development was seen 

in any sheep up t o  and including the last examinat ion three years after 

ino;;-ula t ion . 

Survival of Animals 

The fate of the animals used in these experiments is shown in 

Appendix IV. No losses occurred as a result of neoplasia . 

Leucocyte Analysis 

The results of t otal and di fferent ial leucocyte c ount s performed 

on all animals in the flock are shown on Table 3. III . The general 

range and distribu t i on of t otal lymphocyte c ounts within groups is 

illustrated  in Fi gure 3 . 1 . To t est for significant differences between 

treatment groups , tlw mult ipl e range test o f  Kramer ( 1 956 ) for group 

means vTi th 'mequal repJ icat i ons v:i thin each group was . employed . The 

stat isb cal method is shown i� Appendi:� V a.n :i t h e  significance of the 
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TABLE 3 . I II 

Total and Di f feren t ia l  Leucocyte Counts of Sheep Inoculated with 

Cell-free Extracts 

OccurrinK Cases in 

August 1 1 972 

Sheep No . 
Lencocy_)es 
( per m m  ) 

401 1 5 , 850 
402 1 4 , 200 
403 1 0 , 850 
405 1 3 , 1 50 
407 1 0 , 900 
41 0  1 1 , 250 
41 1  1 3 , 050 
41 3  1 3 , 350 
41 4 1 1 , 750 
41 5  1 1 , 000 
41 6 1 4 , 600 
41 7  1 2 , 400 
420 1 '1 , 000 
421 1 2 , 200 
426 1 2 , 200 
427 1 1 , 250 
428 1 3 , 200 
432 1 5 , 350 
433 1 0 , 950 
434 1 1 , 800 
435 1 1 , 750 
437 1 1 , 950 
438 9 , 900 
439 1 1 , 550 
440 1 6 , 500 
441 9 , 900 
443 1 2 , 600 
444 8 , 350 

72 8 , 200 
73 1 1 , 400 

1 1 3  1 0 , 550 
1 1 4 1 0 , 850 
1 1 5  8 , 1 00 
1 1 6 5 , 800 
1 1 ?  1 0 , 050 
1 1 8 1 0 , 800 
1 1 9  1 0 , 950 
1 20 1 0 , 250 
1 21 9 , 1 00 
1 22 3 , 850 
1 23 1 1 , 850 
1 24 3 , 750 
1 25 9 , 300 
424 9 , 850 

1 1 , 300 
2 9 , 750 
3 1 2 , 850 
4 h , 8oo · 

_5 11 , 250 

of_ Hal ignant Lymphoma from Spontaneously 

Sheen and Uninoculat ed Control Animals 

l .yrnphoq�t e s Neutropbils Eosinop3ils 
( per mm7 ) ( per rnm-') · ( per mm ) 

1 1 , 41 2  4 , 1 21 31 7 
9 , 372 4 , 484 1 42 
6 , 944 2 , 062 1 , 736 
8 , 942 3 , 880 263 
6 , 595 3 , 873 378 
7 , 369 3 , 262 61 9  
8 , 874 3 , 458 326 
9 , 01 1 3 , 471 668 
7 , 403 3 , 463 586 
7 , 700 2 , 420 825 

1 0 , 074 2 , 920 1 , 606 
5 , 828 5 , 890 620 
8 , 1 95 2 , 255 550 
7 , 320 4 , 270 488 
7 , 991 4 , 087 1 22 
8 ' 49L� 2 , 475 1 68 
4 , 686 8 , 382 1 32 

1 0 , 054 4 , 068 1 , 228 
7 , 1 73 2 , 409 1 , 31 3 
8 , 501 2 , 41 9  585 
7 , 1 68 3 , 760 646 
6 , 51 3  5 , 01 9 298 
6 , 930 2 , 772 1 98 
6 , 549 4 , 1 58 670 

1 0 , 31 3  3 , 630 2 , 228 
6 , 1 38 2 , 4?5 1 , 1 38 
8 , 820 2 , 520 945 
5 , 386 2 , 296 626 
4 , 51 0  3 , 1 98 328 
2 , 793 8 , 379 0 
6 , 61+7 3 , 271 633 
5 , 968 4 , 232 379 
L,r 1 860 2 , 91 6 243 
3 , 951 1 ,  71 1 80 
5 , 829 3 , 81 9  0 
7 , 668 2 , 430 378 
5 , 585 4 , 1 61 766 
6 , 207 3 , 536 456 
6 , 052 2 , 321 637 
2 , 522 1 , 001 21 1 
6 , 340 4 , 622 770 
1 , 500 2 , 1 56 98 
4 , 836 I+ , OLr6 297 
6 , 501 3 : 349 0 
6 , 695 4 , 225 1 , 560 
5 , 655 2 , 876 1 ' 1 21 
8 , 289 22 , 3?7 1 , 991 
3 , 1 20 1 ' 1 04 1 92 
5 , 90h 4 : 500 844 

Monocyt3s 
( per mm ) 

0 
1 42 
1 08 

65 
54 

0 
390 
200 
1 1 8 

55 
0 

62 
0 

1 22 

1 1 3 
0 
0 

55 
295 
1 76 
1 20 

0 
1 73 
330 
1 49 
315  
330 
1 64 
228 

0 
271 

81  
58 

402 
324 
438 

51 
91 

1 1 6 
1 1 8 

0 
1 39 

0 
520 

98 
1 93 
384 

0 
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• • •  Cont ' d  

TABLE 3 . I I I  

August , 1 972 

Leucocyij
,
es Lymphoc¥tes Neutropljils Eosinop3ils Monocyt3s 

Sheep N o .  ( per mm·· ) (per mm_:; ) (per mm.;; ) (per mm ) (per mm ) 
6 9 , 700 4 , 996 3 , 735 872 97 
7 8 , 650 5 , 234 3 , 1 1 4 259 43 
8 5 , 090 3 , 283 1 , 451 1 78 1 78 
9 3 , 900 2 , 555 1 , 248 97 0 

1 0  7 , 600 4 , 636 2 , 356 570 38 
1 1  1 1 , 200 6 , 832 1 , 960 1 , 792 61 6 
1 2  1 2 , 000 7 , 800 3 , 720 1+20 60 
1 3  6 , 900 4 , 1 05 1 , 760 966 69 
1 4 1 0 , 650 7 , 085 2 , 663 849 53 
1 5  10 , 400 6·, 448 2 , 4L�o 1 , 460 52 
1 6 1 Lj- , 400 9 , 21 6 4 , 464 576 1 44 
1 7  '1 1 , 300 6 , 21 5  3 , 842 1 , 2l�3 0 
1 8 1 0 , 300 6 , 386 3 , 296 61 8 0 
1 9  9 , 800 5 , 1 94 3 , 381 1 , 225 0 
20 1 1 , 950 6 , 2'1 L� 4 , 9t 1  1 , 1 95 0 

Numbers 401 to 444 exc luding 424 were inocu lat ed with tumour extracts . 
Numbers 72 to 1 25 were the c ontact control group , including 424 . 
Numbers 1 to 20 were the populat ion c ontrol group . 
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'rABLE 3.  III Cont ' d  

Decemberl 1 972 

Leucocy�es Lymphoc3tes Neutrophils Eosinop3ils. Monocyt3s 
Sheep No .  ( per mm  ) ( per mm ) (per mm

)) (per mm ) ( per mm ) 
401 '1 6 ' 1 00 9 , 982 4 , 058 1 , 449 1 61 
4o2 1 5 , 600 1 0 , 296 �- . 363 780 1 56 
403 1 4 , 000 7 , 420 4 , 1+80 2 , 1 00 0 
405 1 5 , 1 00 1 0 , 570 2 , 567 1 , 31 2  151  
407 1 6 , 200 7 , 290 7 , 938 648 324 
41 0  1 3 , 200 9 , 24o 3 , 432 528 0 
41 1  1 2 , 000 9 , 1 20 1 , 680 1 , 080 1 20 
41 3  1 4 , 600 1 1 , 096 2 , 628 876 0 
41 4 1 0 , 800 7 , 884 1 , 836 648 432 
41 5  1 0 , 1 00 6 , 868 2 , 525 505 202 
41 6 1 4 , 200 9 , 940 2 , 556 1 1 562 1 42 
41 7  1 1 , 600 7 , 888 2 , 436 1 , 1 60 1 1 6 
420 1 1 , 600 8 , 236 2 , 668 464 232 
421 7 , 500 5 , 1 00 1 ' 725 600 75 
425 9 , 500 6 , 460 3 , 040 0 0 
426 1 4 , 500 1 0 , 585 3 , 480 290 1 45 
427 1 3 , 900 1 0 , 074 3 , 036 542 1 38 
429 9 , 500 6 , 270 3 , 040 1 90 0 
432 1 5 , 200 1 1 , 400 1 , 976 1 , 520 304 
433 1 6 , 900 8 , 1 1 2 3 , 380 5 , 239 1 69 
434 1 5 , 200 1 2 , 46�- 1 , 672 71 2 1 52 
435 1 1 , 700 7 ,  25L� 2 , 457 1 , 989 0 
437 1 3 , 700 1 0 , 1 38 2 , 877 1 37 548 
438 7 , 500 5 , 625 1 , 650 225 0 
439 1 2 , 000 9 , 1 20 1 , 920 84o 1 20 
440 1 1 , 300 8 , 362 2 , 599 1 37 1 1 3  
441 1 9 , 700 8 , 91 3  9 , 999 226 1 97 
443 1 3 , 500 9 , 045 591 0 0 
444 8 , 000 5 ; 840 1 , 440 405 0 

72 1 0 , 800 7 , 020 2 , 592 560 2! 6 
73 9 , 500 5 , 225 3 , 61 0  972 1 90 

1 1 3  1 0 , 800 7 , '1 28 3 , 052 475 21 6 
1 1 4 1 0 , 900 7 , 848 1 , 962 1 , 404 1 09 
1 1 5  1 1 , 000 5 , 940 3 , 300 981 0 
1 1 6 9 , 800 6 , 958 2 , 058 1 , 760 0 
1 1 7  1 0 , 300 6 , 798 1 , 545 784 1 03 
1 1 8 1 0 , 200 6 , 936 1 , 73L� 1 , 854 1 02 
1 1 9  ? , 000 4 , 480 1 , 680 1 , 428 0 
1 20 1 1 , 60CJ 8 , 1 20 2 , 204 840 1 1 6 
1 21 i:S � 900 6 , 31 0  'I , 602 1 , 1 60 89 
1 22 1 0 , 700 7 , 31 1  2 , 675 890 0 
1 23 1 2 , 700 9 , 1 44 2 ,  Lt1 3 21 4 608 
1 24 9 , 500 '? , 220 1 , 900 635 95 
4 24 1 2 ,000 8 , 280 3 , '+80 24o 0 

1 1 2 , 000 9 , 000 2 , 520 480 0 
2 8 , 600 6 , 9tO 1 , 806 258 86 
"2, 1 1 , 600 8 , 1 20 3 , 1 32 1 " ,.. 232 -" r O  
4 9 , 900 6 , 831 2 , 772 1 98 99 
5 8 , 1 00 4 , 698 3 , 078 243 891 

Con t ' d  • • •  
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TABLE 3 . III 

December "1 972 

Leucocy3es Lymphoc3tes Neutropqils EosinopJtils Monocyt3s 
Sheep No . (per mm ) (per mm ) (per nun_,.�) (per mm./) ( per mm ) 

6 7 , 600 5 , 24L� 1 , 520 68L� 1 52 
7 9 , 500 6 , ·'+60 2 , 945 0 95 
8 1 'I , 500 7 , 705 3 ,  '1 05 230 460 
9 7 , "1 00 5 , 51 2 1 , 633 21 3 1 42 

1 0  9 , 000 5 , 220 3 , 240 450 90 
1 1  1 0 , 600 6 , 996 3 , 1 80 31 8 1 06 
1 2  9 , 700 6 , 596 2 , 91 0  97 97 
1 3  1 1 , 500 8 , 280 2 , 530 460 230 
1 4  6 , 400 3 , 456 2 , 81 6  0 1 28 
1 5  1 0 , 1 00 5 , 959 3 , 737 0 404 
1 6  9 , 600 4 , 896 4 , 608 0 96 
1 7  7 , 900 5 , 293 2 , 370 1 58 79 
1 8  8 , 000 6 ,  1 t·O 1 , 760 80 0 
1 9 9 . 700 7 , 275 2 , 328 97 0 
20 7 , ?00 5 , 621 1 , 925 77" 77 

· ---

Numbers 401 to  444 in cluding 424 were treated with tur1our extracts  
Numbers 72 to 1 24 were the contact c ontrol group , including 424 
Numbers 1 t o  20 were the popul ation c ontrol group 
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TABLE 3 . 1 1 1  Cont ' d 

AEri l 2  1 973 

Leucocy3es Lymphoc3tes NeutropJtils EosinopJtils Monocyt3s 
Sheep No . ( per mm ) ( per mm ) (per mm7) (per mm7) ( per mm ) 

401 1 6 , 700 1 1 , 690 4 , 1 75 668 1 67 
402 1 1+ , 800 1 1 , 988 2 , 220 1 48 444 
403 1 4 , 300 9 , 1 65 3 , 948 846 1 41 
4-05 9 , 700 4 , 947 4 , 559 97 97 
407 1 7 , 200 1 2 , 556 4 , 300 344 0 
410  1�ro 8 , 232 6 , '1 74 294 0 
41 1 8 , 900 6 , 764 1 , 869 267 0 
41 3 1 , 000 1 1 , 040 4 , 640 1 60 1 60 
41 4 1 0 , 200 7 , 956 2 , 1 42 0 1 02 
4 1 5 1 0 , 400 7 , 488 2 , 1 84 624 1 04 
41 6 1 4 , 700 9 '  1 1 4  4 , 263 882 441 
41 7 9 , 900 7 , 326 2 , 376 1 98 0 
420 1 1  ' 1 00 8 , 21 4 2 , 553 333 0 
421 1 6 , 300 9 , 454 6 , 1 94 652 0 
425 8 , 800 6 , 688 1 , 936 88 88 
426 1 4 , 200 9 , 656 3 , 976 1 42 1+26 
427 1 2 , 600 8 , 1 90 4 , 032 378 0 
428 1 6 , 400 1 0 '  1 68 5 , 41 2 656 1 64 
429 8 , 700 6 , 873 1 , 653 1 74 0 
432 1 7 , 500 1 2 , 075 4 , 725 700 0 
433 1 1 , 600 7 , 772 3 , 596 232 0 
434 1 5 , 700 7 , 693 7 ,:379 471 1 57 
437 1 2 , 700 9 , 525 2 , 667 381 1 27 
438 1 0 , 200 6 , 936 3 , 060 1 02 1 02 
439 1 2 , 800 8 , 960 3 , 584 256 0 
440 9 , 700 6 , 208 2 , 61 9 679 1 94 
441 9 , 800 5 , 782 2 , 646 1 , 1 76 1 96 
4L�3 1 1  ' 1 00 7 , 659 3 , 1 08 222 1 1 1  
4L�4 4 , 900 3 , 773 1 , 029 49 49 

71 1 0 , 200 7 , 242 2 , 856 1 02 0 
73 1 2 , 800 5 , 504 7 , 296 0 0 

11 3 9 , 900 7 , 029 1 , 980 794 297 
1 1 4  1 0 , 700 6 , 634 3 , 852 21 4 0 
1 1 5  1 0 , 700 6 , 848 2 , 782 749 321 
1 1 6  7 , 200 4 , 536 2 , 736 72 21 6 
1 1 7  9 , 400 5 , 640 3 , 1 96 470 94 
1 1 8  1 0 , 300 7 , 31 3  1 , 648 824 51 5 
1 1 9  8 , 1 00 5 , 1 84 1 , 941+ 648 324 
1 21 8 , 700 6 , 596 2 ,  1 31+ 776 1 94 
1 22 9 , 1 00 6 , 1 88 2 , 366 1 82 364 
1 23 8 , 200 6 , 31 4  1 , 230 410 246 
1 24 1 4 , 000 6 , 580 6 , 860 420 1 40 
424 9 , 900 7 , 524 1 , 1 88 1 ' 1 88 0 

1 1 0 , 000 6 , 300 3 , 400 0 300 
2 9 , 600 6 , 5a8 2 , 304 768 0 
3 7 , 900 5 , 056 2 , 370 31 6 1 58 
4 1 1 , 900 6 , 307 5 , 355 238 0 
5 1 0 , 300 5 , 047 4 , 841 206 206 

Cont ' d • • •  
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• • •  Cont ' d  

TABLE 3 . I I I 

1 973 

Sheep N o .  
Leucocy3es 
(per mm ) Lymphoc�t es 

(per mm ) 
Neutrop3ils 
(per mm ) 

Eosinop§ils 
(per mm ) 

Monocyt3s 
(per mm ) 

6 8 , 700 5 , 742 2 , 784 0 1 74 
7 9 , 200 6 , 1 64 3 , 036 0 0 
8 8 , 800 4 , 840 2 , 81 6 264 0 
9 9 , 500 6 , 460 2 , 090 855 95 

1 0  6 , 700 4 , 020 2 , 61 3  67 0 
1 1  1 2 , 300 7 , 749 1+ , 059 246 246 
1 2  8 , 900 5 , 1 62 3 , 204 445 89 
1 3  9 , 700 5 , 432 3 , 686 485 97 
1 4 1 1 , 300 6 , 677 3 , 390 1 ' 1 30 1 1 3  
1 5  7 , 300 4 , 891 1 , 971 292 1 46 
1 6 1 2 , 300 6 , 396 4 , 920 984 0 
1 7  8 , 900 5 , 251 3 , 293 267 89 
1 8 6 , 1 00 3 ,  90L� 1 , 891 244 61 
1 9  1 2 , 400 4 , 836 6 , 944 496 1 24 
20 1 0 , 000 6 , 900 2 , 400 700 0 

Numbers 401 to 444 excluding 424 were inoculat ed with tumour extracts  
Numbers 72 to 1 24 were the c ontact c ontrol group , including 424 . 
Numbers 1 to 20 were the populat ion c ontrol group 
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TABLE 3 . I I I  Cont ' d 

Se:r2t ember2 1 973 

Leucocy�es Lymphoc�tes  N eutrop3ils Eosinopljils Monocyt3s 
Sheep No . ( per mm./) ( per mm ) ( per mm ) ( per mm;;) ( per mm ) 

401 1 9 , 500 1 1 , 895 7 , 41 0  1 95 0 
402 1 5 , 200 1 0 , 640 3 , 496 760 304 
403 1 1 , 900 9 , 1 63 1 ,  785 833 1 1 9  
405 1 3 l 8oo 9 , 1 08 3 , ?26 690 276 
407 1 3 , 900 9 , 869 3 , 1 97 695 1 39 
41 0  1 5 , 700 8 , 321 5 , 338 1 , 884 1 57 .  
41 1  1 1 , 600 8 , 1 20 1 , 624 1 ' 62lt 232 
�1 3  1 7 , 200 1 4 , 620 1 , 376 860 344 
41 4 1 1 , 400 8 , 322 1 , 938 1 ' 1 40 0 
41 5  1 7 , 200 1 1 , 008 4 , 81 6 1 , 204 1 72 
41 6 1 6 , 400 1 0 , 004 3 , 936 2 , 460 0 
41 7  1 2 , 900 8 , 51 4 3 , 8'(0 387 1 29 
421 1 4 , 300 1 0 , 296 3 , 003 858 1 43 
425 1 3 , 200 8 , 31 6 4 , 620 264 0 
426 1 7 , 200 1 3 , 41 6 3 , 096 51 6 1 72 
427 1 4 , 1 00 1 0 , 857 1 , 874 1 ' 1 28 1 41 
428 1 6 , 800 1 0 , 752 5 , 71 2  336 0 
429 8 , 400 6 , 636 1 , 428 252 84 
432 1 8 , 700 1 1 , 968 5 , 423 374 935 
433 1 1 , 600 7 , 424 3 , 01 6 928 232 
434 8 , 800 6 , 248 1 , 408 ' : 1 , 1 Li-4 0 
435 1 0 , 700 8 , 239 1 , 81 9  642 0 
437 1 1 , 600 7 , 292 3 , 596 696 1 1 6 
438 5 , 900 3 , 953 1 , 1 80 649 1 1 8 
440 1 5 , 200 1 0 , 792 1 , 672 2 , 854 1 52 
441 8 , 600 2 , 666 5 , 8LJ-8 86 0 
443 1 1 , 600 7 '  1 88 2 , 668 81 2  232 
444 1 3 , 700 1 1 , 234 685 1 , 507 274 

72 9 , 900 7 , 326 1 , 584 891 99 
73 1 0 , 600 6 , 360 3 , 81 6 1 06 31 8 

- � 1 13 1 1 , 400 7 , 752 2 , 394 798 456 
1 1 4 9 , 600 5 , 472 3 , 552 384 1 92 
1 1 6 1 0 , 700 6 , 527 2 , 033 1 ,  71 2 428 
1 1 7 1 1 , 800 6 , 490 4 , 1 30 1 , 1 80 0 
1 1 8 8 , 400 5 , 71 2  2 , 520 1 68 0 
1 1 9  9 , 200 6 , 256 1 ,  748 828 368 
1 21 1 1 , 200 7 , 392 2 , 464 1 , 1 20 224 
1 22 1 1 , 400 7 , 296 3 , 534 456 1 1 4 
1 23 1 0 , 000 6 , 700 2 , 700 500 1 00 
1 24 6 , 800 5 , 372 1 , 1 56 272 0 
lt24 9 , 500 7 , 41 0  1 ' 71 0  285 95 

1 1 4 , 200 1 0 , 082 1 , 704 1 , 988 1 02 
2 1 0 , 200 7 ' 2lt2 2 , 3l�6 510 0 
3 1 2 , 900 8 , 1 27 2 , 709 2 , 064- 0 
4 9 , 600 6 , 81 6 1 , 821+ 960 0 
5 7 , 000 4 , 900 1 ' 1 90 770 1 40 

Cont ' d • • •  
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• • •  Cont ' d  

TABLE 3 . II I  

SeEtember2 1 973 

Leucocy3es Lymphoc5tes NeutropJtils Eosinop3ils Monocyt3s 
Sheep No .  ( per mm ) ( per mm ) (per mm./) (per mm ) ( per mm ) 

6 1 1 , 1 00 6 , 660 2 , 1 09 2 , 220 1 1 1  
7 6 , 1 00 4 , 697 976 427 0 
8 6 , 500 4 , 745 1 , 040 520 1 95 
9 7 , 200 4 , 608 2 , 1 60 350 72 

1 0  9 , 900 6 , 1 38 1 , 980 1 , 584 1 98 
1 1  5 , 700 3 , 762 1 , 083 798 57 
1 2  9 , 900 6 , 534 1 , 287 1 , 980 99 
1 3  1 � , 200 7 , 320 3 , 050 1 , 830 0 
1 4 8 , 500 4 , 250 2 , 975 1 , 275 0 
1 5  7 , 800 5 , 1 48 1 , 092 1 , 482 78 
1 6 1 0 , 500 7 , 665 2 , 31 0  31 5 210 
1 7  8 , 900 5 , 696 1 , 691 1 , 335 1 78 
1 8 1 1 , 600 6 , 960 2 , 900 1 , 624 1 1 6 
1 9  5 , 200 3 , 640 1 , 1 96 364 0 
20 6 , 000 4 , 020 1 , 200 720 60 

Numbers 401 to 444 , excluding 424 , were inoculated with tu�our extracts 
Numbers 72 to 1 24 were the contact control group , inc luding 424 . 
Numbers 1 to  20 were the populat ion control grouf . 
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TABLE 3 . III  Cont ' d  

March 1 974 

Sheep No . 
Leuc ocy3es 
( per mm ) 

Lymphoc5t es 
( per mm ) 

Neutrop3ils 
( per mm ) 

Eosinop3ils 
( per mm ) 

Monocyt3s 
( per mm ) 

402 1 5 , 600 1 1 , 232 3 , 432 624 31 2 
403 1 6 , 200 9 , 882 4 , 536 1 , 782 0 
405 1 3 , 900 1 0 , 981 2 , 085 834 0 
407 1 3 , 500 8 , 640 L1 , 1 85 270 405 
41 0  1 3 , 200 8 , 31 6 4 , 488 1 32 264 
41 1  1 0 , 600 8 , 904 1 , 1 66 31 8 2 1 2  
41 4 1 3 , 800 9 , 660 3 , 588 41 4 1 38 
41 5  1 5 , 700 9 , 731+ 4 , 867 785 471 
41 6 1 7 '  1 00 1 2 , 825 3 , 591 684 0 
41 7  1 4 , 700 8 , 673 5 , 292 735 0 
L�21 1 3 , 500 8 , 235 4 , 590 540 1 35 
425 1 2 , 200 6 , 710  4 , 880 488 1 22 
426 1 4 , 200 1 1 , 644 1 , 846 284 426 
427 1 4 , 800 1 2 , 728 1 ' 776 296 0 
428 1 2 , 300 9 , 486 1 , 845 369 0 
429 9 , 000 7 , 650 1 , 260 90 0 
433 :1 2 , :300 6 , 642 5 , 043 369 246 
435 1 1 , 600 8 , 352 1 , 972 1 1 6 1 1 6 
437 1 5 , 500 1 0 , 850 4 , 1 85 1 55 31 0 
438 1 3 , 300 9 , 044 3 , 458 399 399 
440 1 2 , 800 9 , 984 1 , 1 64 1 ' 1 52 0 
443 1 6 , 900 1 1 , 999 4 , 394 338 1 69 
444 7 , 200 5 , 688 1 , 440 72 0 

72 7 , 200 4 , 824 1 , 944 360 72 
73 1 2 , 200 6 , 222 5 , 1 24 732 1 22 

1 1 3  1 2 , 200 7 , 280 2 , 1 92 784 224 
1 1 4 1 4 , 200 6 , 230 3 , 976 71 0 284 
1 1 6 1 3 ,  ·wo 7 , 860 4 , 978 1 31 1 31 
1 1 7  9 , 200 4 , 876 3 , 496 644 1 84 
1 1 8 9 , 300 6 , 510  1 , 860 651  279 
1 1 9  1 0 , 800 7 , 560 2 , 1 60 540 540 
1 21 8 , 300 6 , 308 1 , 328 1 66 498 
1 22 8 , 800 5 , 896 2 , 024 352 61 6 
1 24 5 , 900 3 , 658 1 , 593 1 77 472 
1 25 7 , 800 5 , 070 2 , 262 31 2 1 56 
424 1 2 , 000 8 , 4oo 3 , 1 20 240 240 

1 8 , 500 5 , 4-40 2 , 720 340 0 
2 9 , 400 4 , 51 2  4 , 1 36 376 376 
3 9 , 300 7 , 254 1 , 860 1 86 0 
4 5 , 600 4 , 1 44 1 , 008 392 56 
5 1 0 , 1 00 6 , 666 2 , 222 1 , 01 0 202 
6 1 1 , 500 8 , 250 2 , 300 690 230 
7 1 1 , 900 7 , 854 2 , 856 833 357 
8 8 , 200 6 , 560 1 , 640 0 0 
9 1 1 , 400 8 , 208 2 , 508 684 0 

1 0  1 0 , 400 6 , 968 2 , 600 832 0 
1 1  7 , 200 4 , 392 2 , 01 6 72 72 
1 2  1 1 , 200 7 , 392 2 , 1 28 1 , 568 1 1 2  
1 3  8 , 000 5 , 600 1 ' 760 640 0 
1 4 7 , 400 5 , 624 1 , 628 1 48 0 

Cont ' d  • • •  
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Cont ' d  

TABLE 3 . III 

Harch1 1 974 

Sheep No . 
Leucocy�es 
( per mm ) Lymphoc3t es 

(per mm ) 
Neutrop3ils (per mm ) Eosinop3ils (per mm ) Monocyt3s (per mm ) 

1 5  6 , 1 00 3 , 538 1 , 830 61 0  1 22 
1 6 1 0 , 800 7 , 776 2 , 808 21 6 0 
1 7  7 , 200 5 , 1 1 2  1 , 728 360 0 
1 8 8 , 600 5 , 074 2 , 064 1 ' 1 1 8 344 
1 9  4 , 700 3 , 055 1 , 1 28 51 7 0 
20 1 1 , 400 8 , 778 2 , 280 228 1 1 4 

Numbers 402 t o  4ll-4 , excluding Ll-24 , were inoculated with tumour extracts  
Numbers 72 to  1 25 were the  c ontact c ontrol group , including 424 . 
Numbers 1 t o  20 were the population c ontrol group . 
Numbers 401 , 41 3  and 432 were excluded because they were being treated 
with immunosuppressive drugs . 



86 

is shown on Table 3 . IV. At this level of probability it is apparent 

that the lymphocyt e counts of sheep inoculat ed with tumour ext ract 01
1 . 

were significantly higher as a group than those of the control groups 

at all bleed ings , that lymphocyte counts of sh eep inoculated with 

tumour extract 01
2 

were signi ficantly higher than those of the populat­

ion control group at all bleedings and those of the c ontact c ontrol 

group at all except the December 1 972 bleeding . Sheep inoculated with 

tumour extract 01
3 

were only significantly different from those of both 

control groups at the March 1 974 bleeding . Otherwise , with the except­

ion of the August 1 972 bleeding in which the contact control group 

showed significantly lower levels of lymphocyt es , there were no 

significant differenc es between 01
3 

inoculat ed , contact control and 

popu+at ion control groups . At no time were significant differences 

recorded between the two control groups . With the exc ept ion of the 

01
1 

inoculat ed groups in April and September of 1 973 , the groups 

treated with cell-free tumour extracts  showed no significant differenc es 

between one another . The general trend indicated by these results is 

that the vari ous treatment groups have higher levels of lymphocytes in 

the peripheral blood than the contact control or populat ion control 

groups . Analysis of adjusted means of t otal whit e  blood cells and 

lymphocytes show. that the haematological effect of  the treatments with 

tumour extracts  was spec ifically on the lymphocyt es . 

Fluctuat ion of the total lymphocyte numbers in individual sheep 

over the period of the experiment is shown in Figure 3. 2 . The upper 

limit of the normal range of lymph ocyte numbers in sheep blood has 

been assessed as approximat ely 8 , 500 per mm
3 ( Coffin , 1 953 ; Schalm , 

1 965 ) . Table 3 . V  shows the animals in which this figure was exc eeded 

during the course of the experi ment . Tables 3 . VI and 3 . VII show those 

animals whose lymphocyt e numbers Here in exc ess of 2 . 5 and 3 . 0 standard 

deviat ion.:� ( .SD) , respecti  vc1 y ,  of Uw caJ cuL!- L ��d lymphocyte means of 
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TABLE 3 . IV 

Stat ist ical Analys i s  Showing Effect of Dif ferent Tumour 

Extracts on the Total Circulat ing L�nphocytes of Sheep 

Time t ested 

August 1 972 

December 1 972 

April 1 973 

Sept ember 1 973 

March 1 97�· 

Inoculat ed in 1 971 

Groups 

:X:oL 
3 
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The groups which are underscored by the same line show no significant 

differences at 95 per c ent . c on fidenc e levels as est imated by the 

F test of  Kramer ( 1 956 ) . 
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Figure 3.2 
Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Figure 3.2 (continued) 

Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Figure 3.2 (continued) 

Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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Total lymphocyte counts of experimentally inoculated and control 

sheep at intervals between August 1 972 and March 1 974. 
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TABLE 3 . V  

Sheep Whose Total Lymphocyte Counts were in Excess of the Upper 

l imit of Normal ( 8 ,500 per mm3 ) 

August 1 972 December 1 972 April 1 973 Sept ember ·1 973 March 1 974 

401 401 401 401 NT 

402 402 402 402 402 

403 403 403 

405 405 405 405 

41 1  

41 3  

41 6 

432 

434 

440 

443 

Total 1 0  

41 0  

41 1  

41 3 

41 6 

426 

427 

432 

434 

437 

439 

441 

443 

1 23 

1 6  

407 

41 3  

41 6 

421 
426 

428 

4-32 

437 

439 

1 2  

407 

41 3  

415 

41 6 

41 7  

421 
426 

427 

428 

432 

NT 

440 

444 

1 6 

407 

41 1  

41 4 

41 5  

41 6 

41 7  

426 

427 

428 

NT 

NT 

437 
438 

NT 

44o 

443 

1 1 4 

1 7  

NT = Not t reat e d .  Animals 401 , 4-1 3 and 432 were bei.ng treated  with 
immunosuppress ive agent s after November 1 9'73 , and animals 434 
and 439 died of int ercurrent disease . 
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TABLE 3 . VI 

Sheep Whose Total Lymphocyte Counts were in Exc ess of 2 . 5 Standard 

Deviat ions ( SD ) of the Popu lat ion Control ( PC ) Hean 

August December April September March 
1 972 1 9'?2 1 9?3 1 973 1 974 

PC mean 5 , 793 6 , 288 5 , 683 5 , 950 6 , 1 10 
SD of mean x 2 . 5 2 , 745 2 , ?80 2 , 500 2 , 873 2 , 81 5 
PC mean 2 . 5 SD 8 , 538 9 , 068 8 , 1 83 8 , 923 8 , 925 

Animals in 401 401 401 401 NT 
excess of 2 . 5 SD 402 4-02 402 402 402 
of PC mea.'l L�03 403 4-03 

405 405 405 4o5 
407 407 

41 0 410 
L�1 1  41 1 
413 41 3 41 3  41 3 NT 

41 4 
41 5 41 5 

41 6 L1-1 6  41 6 41 6 41 6 
420 NT NT 
421 421 

426 426 426 426 
427 427 427 427 

428 428 428 
432 432 432 432 NT 

434 NT 
437 437 437 

438 
439 439 NT NT 

440 440 440 
443 443 

444 
1 23 

1 1 4  

TOTAL 9 1 4  1 5 1 5 1 4  

NT = Not t ested.  Animals 401 , 41 3 and 432 were being treated  with 
immunosuppressive agents after Nove:nber 1 973 and animals 420 , 
434 and 439 died of in tercurrent disease . 
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TABLE 3 . VII 

Sheep Whose Total Lymphocyte Counts \vere in Excess of 3 . 0  Standard 

Deviat ion ( SD) of the Populat ion Control ( PC ) Mean 

August Dec ember April September March 
1 972 '1 972 1 973 1 973 1 974 

PC mean 5 , 793 6 , 288 5 , 683 5 , 950 6 , 1 1 0 
SD of mean x 3 . 0  3 , 294 3 � 336 3 , 003 3 , 56'7 3 , 378 
PC mean 3 . 0  SD 9 , 087 9 , 624 8 , 686 9 , 51 7  9 , 488 

Animals in excess 401 401 401 401 NT 
of 3 . 0  S .D of 402 402 402 402 402 
PC mean 403 403 

405 4o5 
- 407 407 

41 3  41 3 41 3 NT 
41 4 

41 5 41 5 
41 6 41 6 41 6 41 6 41 6 

421 421 
426 426 426 426 
427 427 427 

428 428 
432 432 432 lf-32 NT 

434 NT 
1+37 437 437 

439 NT NT 
440 440 440 

443 
444 

TOTAL 5 1 0  1 2  1 3  1 1  

NT = Not t est e d .  Animals 401 , 4 1 3  and· 432 were being treated with 
imt:�unosuppressive agents aft er November 1 973 and animals 434 
and 439 died of intercurrent disease . 
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the populat ion control group at these times . 

From these data it can be seen that several sheep maintained high 

lymphocyte numbers which were well in excess of the normal range . In 

part icular , sheep numbers 1+02 , 41 6 ,  401 and 432 , unt il the last two 

were removed from the experiment , were consistently 3 .0 SD above the 

populat ion control mean . In addition , several sheep were frequently 

in excess of 2 . 5  and 3 . 0  SD but appeared to show some fluctuat ion in 

levels of lymphocytes , i . e .  L•03 , 405 , 41 3 ,  426 , '+27 ,  L�28 , 437 and 440 . 

Several animals have had relat ively low lymphocyte cour.ts through-

out the experiment i . e .  L•20 , 425 , '+29 , 433 , 435 , while others 

although generally low have on occasions shown high counts i . e .  407 , 

434 , 438 , 439 , 441 , 444 , 1 1 4 ,  1 23 or a tendency toward a gradual 

increase over the experimental period , i . e .  41 4 ,  4 1 5 ,  41 7 ,  421 , 427 

and 435 • These trends are shown in Figure 3 . 2 .  The high lymphocyte 

count in sheep 441 at the December 1 971 sampl ing was assoc iated with a 

marked neutrophilia and is therefore most likely to  represent a 

response to  intercurrent bacterial infect ion . Animals in the c ontact 

control groups exc eeded the normal limit of 8 , 500 lymphocytes per mm
3 

on two occasions only.  In both cases they were within 3.0 SD of the 

mean of the populat ion c ontrol group . 

Animals 401 , 4 1 3  and 432 were sub jected to a course of  experimenta l  

immunosuppression aft er November 1 973 and were not included i n  the 

March 1 974 bleeding . Prior to this treat�ent the lymphocyte counts 

3 3 
of these particular animals were 1 6 , 428 per mm , 1 6 , 1 70 per mm and 

1 7 , 402 per mm
3 

respectively.  Figure 3 . 3  illustrat es the fluctuat ions 

in lymphocyte counts recorded in the 1 0  sheep which were sampled at 1 0  

t o  1 2  day int ervals over a period o f  four months . All showed unpre-

dictable fluctuat i ons which in some instances were as much as 3 , 500 

lymphocytes p�r mm
3 

different from the previous rec ordinK . However � 
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Figu·re 3.3 

The fluctuation in lymphocyte numbers of sheep recorded at 10 to 1 2  
day intervals over a period of fo�r months. 
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Figure 3.3 (continued) 

The fluctuation in lymphocyte numbers of sheep recorded at 1 0  to 1 2  
day intervals over a period of four m onths. 



92 

those whose lymphocyte numbers were above normal tended to  remain 

elevated .  

The development of lymphocytosis did  not appear to  be dependent 

on the t ime of inoculat ion . Abnormally high lymphocyte c ounts were 

rec orded in  sheep inoculated dur ing gestat ion as well as neonatally. 

There was no app3.rent relat ionship between the sex of the animal and 

development of lymphocytosis (Table 3 . VIII ) . 

Morphology of Lymphocytes 

The morphology of the lymphocytes as seen in stained blood smears 

was normal in all cases . 

DISCUSSION 

In the experiments reported above the most striking feature is 

the developr1ent of a lymphocytosis in approximately half the animals 

receiving inocula of cell-free mat erial pr epared from naturally occur­

ring malignant lymphomas of sheep . Although there are no reports in 

the lit erature of other attempts to  transmit the disease from sheep 

to sheep , observat ions made on sheep in Germany suggest that lympho­

cyt osis occurs as a preclinical form of the spontaneous disease . For 

example Enke , Jungwitz and R�ssger ( 1 961 ) noted thy phenomenon when 

they examined leuc ocyte numbers from a flock of sheep in \vhich about 40 

had been reported to die with mal ignant lymphoma . 

More recently Paulsen et  al . ( 1 971 ) described the detailed 

haemat ological examinat i on of 12 sheep from a flock of 384 of the 

German improved Lands r. haf breed . Nine of these had lymphocyte c ounts 

"suspic ious " for mal ignant lymphoma and subsequently six of these nine 

sheep died with overt lymphoid neoplasms . The observed dura �ion of 

lymphocyt osis varied from 2 to 22 months and !!1aximum numbers of  
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JABLE 3 . VI II 

The Sex of Sheep Whose Total Lymphocyt e Counts were in Excess of  

3. 0 Standard Deviat ions of the Populat ion at Some Time 

�ring the Course of  the Experiment 

Sheep No . Sex 

401 M 

402 F 

403 H 
405 F 

407 M 

41 3 F 

41 4 F 

41 5 M 

41 6 M 

421 F 

426 F 

427 F 

428 F 

432 F 

434 H 

437 M 

439 H 

440 F 

443 F 

444 F 

Total 20 M F = 8 1 2  

Total number 
of inoculat ed 
animals 29 M l'' = 1 2  1 7 

M = Male 

F = Female 
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lymphocytes recorded in the animals dying with malignant lymphoma 

"Z 
varied from 28 , 660 to  379 , 500 per mm_,� . ThP. exa.ct ages of  these 

animals was not known , but they were thought to be between four and 

a hal f and five and a half years old at the t ime of death . 

A proport ion of  cattle dying with spontaneous malignant lymphoma 

also shmv- lymphocytosis prior t o  death.  The signi ficiance of this 

change in relation to  preclinical malignant lymphoma in this spec ies 

has been the subj ect  of  considerable debate in the literature . 

Bendixen ( 1 965 ) beli eves tha.t this change oc curs for a variable period 

of t ime in a high perc entage of animals 1.o1hich subsequently develop 

overt mal ignant lymphoma . He found that this occurred in up t o  95 

per cent . of Danish cattle  which subsequently died from the enzoot ic 

form of this disease . Other European workers are generally in agree-

ment with his stat em6 nt , but some American authors cons ider that 

lymphocytosis may not be such a reliable indicator of the disease in 

their country (Theilen et al . ,  1 964 ; r1arshak and Abt , 1 968 ) . However ,  

Abt et al . ( 1 970 ) report the occurrence of l ymphocytosi s in 65 per cent . 

and Olson !t a l .  ( 1 970 ) in 51 per cent . of cases i n  some herds in the 

U . S . A .  Despite these di fferenc es there can b e  no doubt that i n  many 

cases of bovine mali gnant lymphoma a preclinical phase of lymphocytosi s 

occurs a.'1d the same is probably true for the disease in sheep . 

Lymphocytosis is defined as an increase in peripheral lymphocyte 

numbers above normal l imit s . In sheep the upper l j mit of the normal 

range is stated by Schalm ( 1 965 ) and other authors to be app:-oxima.tely 

8 , 500 per mm
3 

of blood . Absolute est i ma t es such as these do not 

account for fluctuations result in� from environmental or genetic varia-

tiono which occur in different populat ions of sheep . To define the 

lymphocytosis observed in cases of preclinical malignan t  lymphoma of 

cattle , the levels of abnormali ty  are best described in respect to 
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normal cattle in the appropriate age group and geograph tc area. On 

this basis levels for c lassification of l ymph ocytosis have been suggested 

· to be in exc ess of 2 . 5 SD ( Abt et al . ,  1 970) or 3 . 0  SD (Marshak et al . ,  

1 968)  of  the normal populat ion mean . In the present experiments in 

sheep all three of the above criteria were applied to the results and 

lymphocytosis was confirmed in individual animals as shown in Tables 

3 . V \  3 . VI and 3 . VI I .  It should b e  noted that as a group the animals 

that rece ived tumour inoculum OL
3 

did not show such a spectacular 

lymphocytosis.  A possible explanat ion that should be considered is 

that the sourc e tumour from which inoculum OL
3 

was derived was a tumour 

'
which could be classified as be ing of the thymic type . In cattle , the 

thymic tumours are thought to represent a dist inct epidemiological 

ent ity and might therefore be of different aet iology ( Bendixen 1 965 ;  

Dungvmrth et al . , 1 964 ; Hugoson , 1 967 ) • 

Because the inoculat ions did not elicit a lymphocytosis in all 

animals in each of the treatment groups , the observation of significant 

differenc es between treat ed and control groups strongly reinforces the 

individual observat ions . The mult iple range test used to evaluate 

statist ical differences between the various groups is a conservat ive 

one . The calculat ion of spec ific significance and predict ion levels 

would be extremely difficult in this situat ion where the number of 

replicat ions within groups are variable . 

Lymphocytosis has been reported in a number of non-ne oplast ic 

conditions affect ing animals ; for example, chronic debilitat ing 

conditions , adrenocort ical insuffic iency and during convalesc enc e 

from some acute infec tions . In the experiments reported here there 

vJas no evidence that any of these factors were responsible for the 

observed changes.  Furthermore , the persistence of lymphocytosis in 

individual animals and the magnit ude: of group differences between 
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sheep rec eiving tumour material and c ontrol sheep kept in an identical 

environment are such that they can only be sat isfact orily explained as 

a response t o  the experimental procedure . 

One cannot fail to  note the similarit ies exist ing between the 

lymphocytosj s which has devel oped in the experiments report ed  here 

and that occurring as a preclinical stage of spolianeously developing 

enzootic malignant lymphoma of cattle .  It  is reasonable t o  suppose 

that these sheep are showing a pretumourous phase of the disease . If  

this assumpt ion is  eventually proved correct by  the appearance of overt 

tumours in these animals , then the value of lymphocytosis as an 

indicat or of the disease may be of considerable value in early diagnosis , 

control and eradicat ion programmes .  Several European c ountries have 

inst igat ed schemes aimed at the control and eventual eradicat ion of  

bovine malignant lymphoma which rely on  the  detect ion of inspected  

animals by  this method . Tested cattle are c lassified by lymphocyte 

numbers into leukosis "posit ive " ,  "suspic ious" and ' 'negative" groups 

and the eventual fate of "posit ive" and "suspic ious" animals then 

depends on the previous h ist ory of malignant lymphoma in the particular 

herd in quest ion .  Examples o f  "leukosis keys" devised for this purpose 

are those of Got ze et  al . ( 1 954 , cited  by Bendixen , 1 965 ) , Bendixen 

( 1 957) and Tolle ( 1 964 , c ited by Bendixen , 1 965 ) . Although malignant 

lymphoma of sheep in New Zealand does not appear t o  be a problem of 

economic importance at present , it is probably important that we should 

be aware of possible means of detect ing prec linical forms of the 

disease .  

,Analogy to  malignant lymphoma of other spec ies and the use of 

cell-free mat erial deri ved from tumour material as the inocula indicate 

that the agent responsible for the persist ent lymphocyt osis is most 

likely a virus . The lack of c1inical evidenc e of overt ' ':'OUr develop-

_ _  J _ .,  - "!- -. .-. - ...: .-• ... . ,.... ..... l'"l .. l """' C' n f"\+ C::::1 1 "t"• . .  , .. , � i n o· _  A i-. 
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the present t ime these sheep are only three years old and therefore 

have not reached the usual age at whi ch spontaneous mal ignant lymphoma 

is most commonly seen. 

CONCLUSIONS 

A persistent lymphocytosis can be induced in sheep following 

inoculat ion in utero or at birth with cell-free material derived from 

ovine malignant lymphoma t issue.  It is  concluded that this is  most 

likely caused by a virus and that it probably reflects a pretumourous 

phase of malignant lymphoma . It is  postulat ed that more than three 

years is required for the development of overt neoplasia. 



CHAPrER 4 

ATTEMPrS TO DEMON STRJITE V!.RUS IN T ISSUE Cl:LTURES 

INTRODUCTION 

The experimental evidence required to establish the aetiological 

relat ionship of  a given microorganism to a given disease is exemplified 

by Koch ' s  postulates . In many examples of virally induced neoplasms 

it has proved , for various reasons , impossible to fulfil these con­

dit ions . For instance ,  the behaviour of transforming DNA viruses is 

such that following tumour induction the infected c ell does not replicate 

further virus. The presenc e of the virus in such cell s can only be con­

firmed indirectly by irr.munological techniqu e s ,  or by so called "rescue " 

techn iques involving cell fusion ( Watkins , 1 971 ) .  The detect ion and 

characterization of the various oncogenic viruses has been greatly 

assist ed by the development of techniques for their in vitro growth and 

cultivat ion in tissue culture systems . Such systems have permitted in 

some cases the product i on of virus divorced from the potent ially 

suppressive effects  of the host . 

Under appropriate condit ions of culture onc ogenic viruses may show 

a variety of host-c ell interact ions . They may cause the following 

pbenomena : -

( a) Cytopai:hy. For instance ,  the vacuolat ing e�gent , designated simian 

virus 40 (sv40) ,  of the rhes�s monkey causes ext ensive vacuolat ion 

of the cells of the African green monkey kidney in culture 

( Goodheart , 1 969) . 

( b) Loss of normal contc.ct inhibition . This !'esults in mult ilayered 

foci of "transformed" cells . Among the tumour viruses causing 

this effect are those of the Rous sarcoma of chickens ( Manaker 
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and Group� , 1 956 )  erythroblastosis of chickens ( Beaudreau et al . ,  

1 963) , murine sarcoma (Hartley and Rowe , 1 966 ) , feline sarcoma 

( Kirsten , 1 970) and parotid tumours of mice ( Dulbecco , 1 969 ) . 

In addition ,  sv4 0 
( Dulbecc o ) and various adenoviruses ( Goodheart ) 

will induce c ell  transformat ion under suitable c onditions o f  

cultur e .  

( c ) Replication in infected c e ll s . Most of  the RNA tumour viruses 

have been shown to do this ( Gross , 1 970 ) , although with the 

except ion of the sarcoma viruses of various animal species  and 

the avia� erythroblastosis virus , they do so without causing any 

visible cytopathic  effects or c ellular tran sformat ion. Epstein 

et al . ( 1 965 ) demonstrated the replicat ion of a herpesvirus from 

cultured c ells of the Burkitt ' s  tumour of African children . 

This chapter reports experiments in which attempts were made to  

I 
demonstrate a virus in malignant lymphoma of sheep by direct inoculat ion 

of c ell-free extracts of tumour int o tissue cultures . 

Cultures 

I .  Sourc e o f  c ells 

MATERIALS AND METHODS 

Cultures were derived from foetal lamb kid!leys obtained from 

pregnant ewes killed .at slaughter-houses . These spec i:nens were avail-

able during August , September , October <md November , and the experi-

ments were performed during these months in 1 971 and 1 972 . 

I I .  Preparat ion of primary cul t.ures 

The dispersal of kid!ley c ells was achieved using essent ially the 

same procedure described by de Oca ( 1 973) . Hodifica.t ions of this 

method included : - liBR/o rv 
MASSEY L • � � ·-:·r 
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( a )  the use of  Hank ' s  balanced salt solut ion ( HBSS ) (Appendix 

I II )  in place of Dulbecco ' s  balanc ed salt solut ion. 

( b ) the use of 0 . 25 per cent . trypsin solut ion (Appendix III ) 

rather than a mixture of 0 .25 per c ent . trypsin and 0 .02 

per cent . EDTA . 

( c ) the homogenizat ion of t issue using a Sorvall o��imixer rather 

than sc issors to  produce fragments of  approxima.t ely one cubic 

millimetre prior to  trypsinizat ion. 

After dispersal viable cells were counted using the trypan blue dye 

exclusion method ( Ling , 1 968) and c oncentrat ion was adjusted t o  5 x 1 0
5 

viable c ells per millilitre of growth medium ( Appendix III)  and cells 

dispensed in 1 00 ml aliquots into ac id-washed 500 ml glass tissue 

culture flasks . Following "gassing" of the cultures with a four per 

cent . C02 and air mixture the culture flasks were securely st oppered 

and transferred to  an incuba.tor where they were maintained at 37°C 

throughout growth . 

Grovrth medium was replenished with fresh solut ion when the 

indicat or in the medium registered an alterat ion in pH. Cultures were 

maintained until a dense and cont inuous monolayer of cells had formed .  

In most cases three to  seven days were required t o  reach this stage . 

III . Preparat ion of sec ondary cultures 

( i )  The primary cultures were washed gently with calc ium and 

magnesium-free phosphat e buffered saline ( Appendix III) . 

( i i ) Monolayers were detached from the culture flasks by agitation 

of the cultures after the addition of trypsin ��d EDTA 

( Appendix I I I )  solution at 37
°

C .  The free cells were trans-

ferred to 1 00 ml scre'.v-top c entrifuge tubes and further 

dissoc iat ed by pipett ing . 

( iii ) The cells were then pellet e d  by c entr.i fugat ion at 1 25 g for 

- · - -- - �- - � +  -n , � ri  '·''"' ·" ri ·i �r..�rded and the c ells 
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were resuspended in growth medium by pipett ing. 

( iv ) Total and viability counts of cells were performed as for 

the establishment of the primary cultures and the concentra­

t ion of viable cells adjust ed t o  5 x 1 0
5 

per ml of growth 

medium. 

( v ) "Seeding" of the secondary culture vessels was performed using 

a two millilitre Cornw�ll automat ic syringe . 

In 1 971 all secondary cultures were grown in acid-washed 1 0  ml 

glass test tubes stoppered with red rubber bungs . To each tube one 

mill ilitre of the cell suspension was added , "gassing" was carried out 

as before , and incubat ion wa.s at 37°C in t ilted racks . In 1 972 these 

cultures were established in screw-topped,  ac id-washed ,  40 ml glass 

culture flasks and in Leighton tubes containing glass coverslips . 'l'en 

millilitres of cell suspension were added to each culture flask , and 

one m i l l i l i t r e  t o  each Le ighton tube . Cultures were "gassed" prior 

to incubat ion as before . 

( vi ) In all experiments ,  the medium of  the secondary cultures was 

replenished following the inoculat ion of  tumour extracts  and 

thereaft er at five day intervals unti l  conclusion of the 

experiments at 20 days . 

Culture Inoculat ion 

I .  Preparat ion of inocula. 

( i ) Inocula were obtained from cell-free extracts of malignant 

lymphoma of sheep prepared as detailed in Chapter 3 .  These 

were designat ed 01
1

, 01
2

, 01
3

, 01
4

, 01
5

, and 01
6

• The first 

three ( 1 971 experiment s ) were from the sa.me batches as those 

used in th e lamb inoculat ions described in Chapter 3. The 

final three extracts ( 1 972 experiments ) were prepared from 

other spontaneous maJ ignant lymphoma.s obta.ined from slaught er-
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houses . All source tumours were c lassifi ed histologically as 

being of lymphoblastoid t ype exc ept OL
2 

which was lymphocyti c .  

( i i ) Before inoculation extracts 011
, 01

2 
and OL

3 
were d iluted 1 0  

fold with grov.•th medium. In the experiments performed in 1 972 

extracts 01
4

, 01
5 

and 01
6 

were used as inocula in undiluted 

form. 

II .  Inoculat ion of sec ondary cultures .  

( i ) Inoculat ion was performed three da.ys · before the cells were 

expected to reach confluency. 

( ii ) Growth medium was decar.ted  and cultures were gently washed 

with HBSS at 37°C .  

( iii ) Cultures in 1 0  ml test tubes and 1e ight on tubes were inoculated 

with 0 . 1  ml , while those in 40 ml culture flasks received 0 .5  

m l  of  the prepared inoculum . 

( iv) The cultures were then re incubat ed for one hour at 37°C .  

( v ) Aft er this time the appropriate quant ity of growth medium 

was added to each culture , "gassing" was performed as before , 

and cultures returned to  the incubator . 

( vi) Control extracts derived from normal ovine lymph node were 

prepared , diluted and inoculated in the same manner as the 

tumour extracts .  Tables 4 . I  and 4 . II show the numbers and 

groups of cultures used in these experiments.  

F.xa.mi nation of Sec ondary Cultures 

I .  General appearan ce . 

The cultures were examined daily for evidence of c ontaminat ion and 

change in pH of the medium . Obviously contaminated cultures were dis­

carded .  Less drastic pH changes i n  the absenc e o f  contaminat ion were 

adjust ed by the addition of appropriate amounts of either 0 . 1 H hydrochlor i c  

acid or 7 .5  per c ent . sod.ium bicarbona.t e solut ior.. .. 



TABLE 4 . I  

1 971 Exper iments : Schedule of inocula and tissue cultures 

1 03 

Inoculum Dilution of No . of 1 0  ml cultures 
inoculum 

011 1 0-1 
9 

1 0-3 9 

1 0-5 9 

012 1 0-1 
9 

1 0-3 9 

1 0-5 9 

OL
3 

1 0-1 9 

1 0-3 9 

1 0-5 9 

Ovine lymph node control 1 0-1 
9 

1 0-3 9 

1 0-5 9 



TABLE 4 . II 

1 972 Experiments :  Schedule of i nocula and t issue cultures 

Inoculum Dilution of N o .  of No .  

1 04 

of Leighton 
inoculum 40 ml cultures tube cultures 

014 1 0
° 

4 20 

01
5 

1 0
° 

4 20 

016 1 0
° 

4 20 

Ovine lymph 
1 0

° 
node control 4 20 
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II . Cytopathic effects and transformat ion. 

( i ) Daily examination of all cul tures was made using an inverted 

microscope . 

( ii )  Stained coverslip preparat i ons from Leighton tube cultures 

( 1 972 experiments )  were preparei at five day intervals up t o  

20 days follm-;ing inoculat .i. on. The cultures were gently 

0 washed in HBSS at 37 C and were fixed for five minutes in 

Bouin ' s  fixative at room temperature . The coverslips were 

then removed from the culture tubes , placed in staining racks , 

and excess fixative was washed from them with gently running 

tap water.  Staining was by HE. The stained c overslip 

cultures were mounted in DPX on glass slides for microscopic 

examination. 

Ill . Electron microscopic examination of culture supernatants . 

Examination of  the culture supernatants for the presence of virus 

particles was performed on 10 ml test tube and 40 ml flask cultures at 

intervals of five days until 20 days after inoculation. The procedures 

were as follows : -

( i )  The supernatant fluids of cultures in each group were pooled 

in 10 ml glass test tubes . 

( ii )  Cultures were washed with HBSS at 37
°C and washings were 

pooled with the appropriate supernatant fluids . 

( ii i )  These were centrifuged at 2 , 000 g for 1 0  min. 

( iv)  The supernatant fluid was transferred to methyl cellulose 

c entrifuge tubes appropriate for the SW40 rotor of the 

Beckman Model 1 ultra-centrifuge , and were spun at 80 , 000 g 

for 1 20 min. 

( v ) The supernatant was di scarded , and the resultant pellet was 

resuspended by pipetting in two drops of bovine serum albumin 

and two drops of two per c ent . phosphotungstic ac id (PTA) . 
( vi. ) 'l'he su .spension was sprayeu on to carbon-coated 200 mesh 
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copper electron microscope grids using an "atomizer" .  

( vii ) When dry , the grids vTere examined in a Philips ' EM 200 

electron microscope for the presence of virus particles.  

IV. Electron microscopic examina t ion of cuJ..tures 

Preparation of cultured cells for electron microscopy were per-

formed at the same t ime intervals as the supernatant . In the 1 971 

experiments in which cells were cultured in 10 ml test tubes , two 

cultures were required from each group to provide sufficient c ells 

for embedding and examination. In the 1 972 experiments in which 40 ml 

flask cultures were inoculated with extracts  OL4
, OL

5 and OL6 , the 

cells from a single culture were sufficient . The procedures were as 

follows : -

( i ) The supernatants were decanted and cultures were washed to  

recover the supernatant fluid for examination as  previously 

des:;ribed. 

( ii ) Washing was repeated using calcium and magnesium-free 

phosphate buffered saline . 

( iii)  
0 Trypsin and EDTA solution at 37 C was added to the cultures , 

and the cells dissociated from the glass by agitat ion . 

( iv) The suspension was transferred to  1 0  ml centrifuge tubes 

and cells pelleted at 1 25 g for five minutes . 

( v) The supernatant was decanted and the pellet resuspended by 

pipetting in 10 ml of calcium and magnesium-free phosphate 

buffered saline at 37°C . The c ells were c entrifuged at 1 25 g 

for five minutes.  

( vi ) Step ( v ) was repeated twice . 

( vii ) Chilled Karnovsky ' s  fixative ( Appendix I ) was added to  the 

tube and the cell pellet resuspended in the fixative for 

1 20 min . 

( viii ) The f ixed c ells were pelle ted by centrifusAtion at 1 25 g for 
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five minutes , and the supernatant discarded . 

( ix) Ten millilitres of chilled 0 . 1 M  phosphate buffer ( Appendix I )  

vJas added , and the cells resuspended and washed. After 

centrifugation at 1 25 g for five minutes the washing was 

repeated once .  

( x) Post fixab on in chilled one per cent . os.mium tetroxide in 

0 . 1 M  phosphate buffer was performed for 30 min . 

(xi )  The fixed cells were embedded in an epoxy resin (Appendix I ) , 

and sections cut and stained for electron microscopic examina­

t ion as described in Chapter 2 .  

RESULTS 

Examination of Cultures for Cytopathic  Effects or  Transformation 

I .  Microscopic appearance o f  unstained cultures . 

Cells of sheep embryonic kidneys normally form monolayers in 

culture of variable cellular density. Dense foci of proliferating 

cells were seen where initial attachment occurred and the intermediate 

regions were gradually covered by the outgrowth of cells from these 

primary foc i .  The latter regions were much less densely populated. 

This form of growth was observed in all cultures , including 

the controls and no true areas of transformat ion could be recognized . 

No cytopathic changes were regularly found within any groups of 

cultures , although various cultures showed degenerative foc i  and 

necrosis of cells in the monolayer .  With aging the cultures became 

very dense and were easily damaged if  agitated . In these cases the 

cells t ended to  lose adhesion to  the glass surfaces and float off in 

sheets of varying size . Similar changes were :found in the c ontrol 

cultures. 



II .  Appearance of stained coverslip preparations. 
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The sequential growth of the cultures were more clearly illustrated 

in these preparations . Dense primary foci of proliferat ing cells gave 

riaw to the thinner intermediate regions of the cultures .  The cells 

in the primary foci were oval in cytoplasmic outline , while those in the 

1 1intermediate"  region were elongated and fusiform ( Figures 4 . 1 , 4 . 2 ) . 

By 1 0  days the cells in the "intermediate"  areas showed loss of 

contact inhibi� ion and were seen to  cross and form areas in which 

cells were two layers thick (Figure 4. 3) . Pyknosis of nuclei  and 

eventual necrosis of cells were fairly common in these crowded regions , 

and occurred in all cultures including controls . No multi-nucleate 

giant cells , cytopathic effects , transformed areas or other changes 

suggest ive of virus interact ion with the cultured c ells were observed.  

III . Examination of culture supernatant pellets in  electron microscopic 

preparat ions . 

In only one preparation was there negatively stained material 

suggestive of virus particles . This \vas seen in the preparation of 

supernatant from cultures inoculated with tumour extract OL6 after 10  

days of culture . The part icles were spherical or ovoid and showed an 

outer limiting membrane approximately 1 2  nm thick . Their internal 

structure varied. In most the stain deposition was granular and 

appeared to outline internal structures ( Figures 4. 4 , 4 . 5 ) while in 

others the heavy uptake of electron-dense stain within the outer 

membrane suegested the absence of internal structure ( Figure 4 . 5 ) . The 

external diameter of the particles varied from approximately 1 00 to  

250 nm with most in  the 1 20 to 1 70 nm range ( Figures 4 .4 , 4 . 5 ,  4 . 6 ) . 

Structures of sj.milar morphology were not seen in the cultured c ells 

from which this supernatant was obtained , nor were they found in 

similar examinat ions performed on material obtained from a further 

p.<l !3S."l gP. of this supernatan t fluid in foetal lamb kidney cultures . 
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Figure 4. 1 

A primary grm,;th focus (F)  in a "normal" foetal 

ovine kidney cell culture which has reached 

confluen�y . 

HE X 750 

Figure L� . 2  

Elongated cells in an intermediate region o f  a 

"normal" foetal ovine kidney cell culture which 

has reached confluency. 

HE X 750 

Figure 4 . 3  

Multiple layers of cells in ageing "normal" 

foetal ovine kidney c ell culture . Note the 

mitotic figures ( arrovls ) .  

HE X 750 
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Figures L+ . Lr ,  4 . 5 ,  4 . 6  

Virus-like part icles i n  preparations o f  supernatant fluids 

of an ovine foetal kidney c ell culture which had been 

inoculated Hith malignant lymphoma extract OL6 • 

Phosphotungst ic  ac id x 1 00 , 000 



.. 
, 

/ 

.. 

.• 

m 

... 

-
100 nm 



1 09 

IV. Examinat ion of cultured cells in electron microscopic preparat ions . 

No virus-like particles were seen in any of the cultures.  

DISCUSSION 

The fA.ilure of the extracts ' to  produc e cyt opathic effects or 

transform the cells in these cultures may be interpreted in two ways . 

Firstly , if  virus was present whi ch had the pot ent ial to cause these 

changes , the conc entrat ion of virus may not have been high enough or 

the cultures may not have been suitable for their growth .  Malmqu ist , 

Van der Maat en and Boothe ( 1 969 ) described a virus isolat ed from cattle 

with lymphocytosis which induced cytopathic effects including format ion 

of syncytia in bovine embryonic spleen cells . Cornefert-Jensen , Hare 

and Stock ( 1 969 ) have described similar cultural changes in mixed cell 

cultures which were inoculated with material from bovine malignant 

lymphoma . However the virus particles observed by Cornefert-Jensen 

et al . in electron microscopic examinat ion of these cultures differed 

in size from those reported by Malmquist et al . They enc ount ered 

difficulty in reinfect ing further cultures using supernatant fluids of 

the cultures and considered the virus to be strongly cell-assoc iated.  

Viruses which have been proved as onc ogenic and which are capable of 

induc ing cyt opathic e f f e c t s  or transformat ion in culture are relat ively 

few in number .  They include sv40 , various adenoviruses ,  polyoma virus , 

avian erythroblastosis virus , the papilloma group of viruses , and the 

chicken , mouse and cat sarc oma viruses . A second possibility is that 

the extracts may have contained virus which did not cause morphological 

change in the infected cultures . Such onc cgen ic viruses characteristic­

ally belong to  the  oncorna group . These are t h e  RNA oncogenic viruses 

of the chicken leukosis complex , mouse leukaemi a ,  guinea pig leukaemia , 

and malignant lymphoma of the cat . The part icles observed in the 

supernatant fluid of foetal l a:-nb kidney c ell cul tures '10 day s aft er 



inoculat ion with 016 show some features in c ommon with these well 

characterized types .  

n o  

De Harven ( 1 968)  has reviewed the morphological features of murine 

oncorna viruses and attempted to rat ionalize their classification on 

this basis.  Two types are generally recognized at the ultrastructural 

level , and these are referred to as "type A" and "type C" part icles . 

"Type A" part ic les can be further subdivided into two distinct forms . 

Within the cytoplasm of the cell they occur as spherical structures 

representat ive of the assembled viral nucleoid. These are the so-called 

"naked A particles" and they mature by a budding process at c ell 

membranes to  form "enveloped A particles" . The latter differ from 

"naked A particles" in that they occur in extracellular situations or 

within cell vesicles , and are invested by a membrane derived from the 

host cell ' s  plasma membrane . The nucleoid of both these forms has an 

electron-lucent centre . "Type C part icles" are probably a later stage 

in viral maturation . They occur in the same situations as "enveloped 

A part icles " ,  but differ from these in nucleoid morphology. Their 

nucleoid is more irregular in outline and has an electron-dense c entre . 

The particles studied in the current experiments showed an 

external membrane of approximately 1 2  nm thickness surrounding the 

internal structures . Within this the uptake of PTA varied between 

particles . Some appeared empty because of the large amount of stain 

present , while others . showed considerably less staining and internal 

structure was apparent . The smaller particles seen in these preparat-

ions are consistent in their general morphologic appearance to  "t;y-pe 

C" part icles . Variat ion in the size of these part icles has been 

reported in various spec ies . De Harven states that in the mouse the 

diameter of particles may vary from 60 to 1 50 nm. In the chicken , 

variat ion has been reported from 64 to  82 nm ( Dmochowski et  al . ,  1 959) ; 

in the guinea p::.g , from 70 to 90 nm ( Opler � .... _.,., /"' .... ., \ I �') ( )  ; L11 Ll1e c at , 
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100 to  1 15 nm (Kawakami et al . , 1 967 ; Laird et al . ,  1 968 ) ; and in the 

cow 90 to 1 20 nm (Turnilowicz and Shirahama , 1 969 ;  Miller et al . , 1 969 ) . 

Even taking into account the distortion which may result from PTA 

staining (Goodheart , 1 969) it is unlikely that the larger part icles 

observed in the current experiments were "C type " or "enveloped A" 

particles. In fact the interpretat ion of the identity of these structures 

mvst remain in doubt because o f : -

( a )  their irregularity of  form and size 

( b )  the small numbers present 

( c )  the absence o f  similar particles in other cells or super-

natant preparations in these experiments 

(d )  the inability to reproduce further evidence of these 

structures by passage of the supernatant fluid to  

subsequent cell cultures . 

In view of the successful transmission of lymphocytosis t o  lambs 

using cell- free extracts 011 , 01
2 

and 013 
of sheep lymphoid tumours , 

the failure to �nequivocally demonstrate virus in tissue cultures 

inoculated with these and other tumour extracts is disappoint ing . If 

the hypothesis that the in vivo response in lambs inoculated with cell-

free tumour extracts ( Chapter 3 )  is due to  the act ion of an oncogenic 

virus is valid ,  the failure to culture this agent may have been due to 

a number of factors . It is possible that the titres of postulated virus 

in the d iluted extracts may have bee� too low for infection of the 

cultures . Relatively small amounts of the original tumour material 

from which the extracts OL1 , 01
2 

and 013 were derived were actually 

inoculated on to the tissue cultures . It was demonstrated by Beard 

( 1 956 , 1 957 ) that plasma containing lesser numbers of avian myeloblast-

osis viral particles had a greatly reduced infect ivity in chicken 

inoculation tests . r1acpherson ( 1 969) stated that high concentrations 

of v irus were required to effect c ellvJ.ar L ransior·mat ion by polyoma 
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virus. Another possibility is that the agent may require longer than 

20 days for it to induce cytopathic changes or be directly demonstrable .  

Todaro ( 1 969 ) considered that the init ial cell concentrat ion was 

important in allowing the development of transformation in culture . 

In the case of SVlJO ' from four to six generations of cells , subsequent 

to infection ,  a.re required for the p:coduction of transformat ion. Cell 

division rate slows as the density of cells in the monolayer increases 

and he considers that an ideal concentration of cells after inoculation 

2 
is 750 per e rn  of growing surface . With this concentration , the c on-

fluent monolayer of c ells is obtained in two to three weeks . The cell 

concentrat ion in the current experiments was considerably higher and 

consequently the chance of obtaining transformation could have be.en 

lessened . Passage-A virus , which is the enhanced virulence form of the 

original Gross virus , required up to 24 days of culture before sufficient 

virus was replicated to perform successful bioassays in the mouse . In 

later passages of the agent through the same culture syst em the latency 

period was reduced to eight days . It is also possible that the cells 

used for the cultures on which the malignant lymphoma material was 

inoculated were unsuitable for viral replicat ion , however , the viruses 

of avian and murine leukaemia replicate freely in a variety of epithelial 

and mesenchymal cell cultures (Gross , Dreyfuss and Moore , 1 961 ;  

Ginsburg and Sachs , 1 962 ;  loachim , 1 967 ) . The cultures used in the 

present experiments contained both epithelial and fibroblastic elements 
, 

and should therefore have supported growth of  this type of virus in the 

absence of other inhibit ory fac t ors . 

The experimental work reported in this chapter does little  to 

support the hypothesis that malignant lymphoma in sheep is due to an 

oncogenic virus. However the circumstant ial evidence obtained from 

the transmission studies reported in Chapter 3 and parallel work in 

Rome other animal spec ies argues strongly toward a viral aetiology . 
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Another possible approach might be to attempt the demonstration 

of virus-l ike part icles in cell cultures derived direc tly from lymphoma 

t issue .  Although not reported here at tempts were made to  do this but 

in spite of repeated efforts act ively mult iplying cell cultures c ould 

not be established . 

CONCLUSIONS 

Present experiments indicate  that the inoculat ion of malignant 

lymphoma material on to tissue cultures does not result in any cyto­

pathy or transformat ion; neither can unequivocal virus-like part icles 

be demonstrat ed by electron microsc opy of the c ell  cultures or culture 

fluids. However , the possibility of demonstrat ing virus by this method 

can not be ent irely excluded espec ially if high t itre inocula c ould be 

obtained.  
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THE DEMONSTRATION OF VIRUS IN LYMPHOCYTES STIMULATED BY 

PH'{TOHAEt'IAGGLUT IN IN 

INTRODUCTION 

After the fa i lure to unequivocally demonstrate virus directly in 

tumour t issue or indirectly in c ell culture systems , attention was 

turned towards the demonstrat ion of virus in lymphocytes derived from 

sheep in which lymphocytosis had been induced by tumour material as 

described in Chapter 3. That this approach might be rewarding was 

indicated by the report of Miller et al . ( 1 969 ) in which ultrastructural 

evidence of virus was demonstrated in lymphocytes of cattle  e ither with 

malignant lymphoma or with presumed pretumourous lymphocytosis . Lympho­

cytes from these animals were first st imulated with phytohaemagglutinin 

( PHA ) and the resultant blast c ells were shown to contain virus-like 

particles in almost all cases (Table 5 . II ) . In the following experiments 

similar studies were made on lymphocytes from five sheep with induced 

lymphocytosis.  

MATERIALS AND METHODS 

Sourc e of  Lymphocytes and Preparat i on of  Cultures 

Blood lymphoc y t e s  were derived from five sheep which had developed 

persistent lymphocytosis (numbers 401 , 41 3 ,  41 6 ,  426 and 432 ), from one 

contact control sheep ( 1 1 3) ( see Chapter 3 )  and from four more c ontrol 

sheep of the same age which were selected at random from the Massey 

University commerc ial flock. The preparat ive steps were as follows . 

Four 1 0  ml al iquots of venous blood were collected from each sheep 

using heparinized Vacutainers . These were c entrifuged at 1 25 g for 1 5  

min. Buffy coats were aspirated and run on i o  cotton wool separation 
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columns ( see Appendix VI ) which were left undisturbed for 1 5  min. 

Ten millilitres of HESS at 37°C was run on to  the columns and the 

eluted c ells collected into  10 ml disposable pla.st ic syringes . The 

washings , conta ining lymphocytes and erythrocytes , were transferred to  

10  ml  stoppered test tubes and centrifuged at  1 25 g for 1 0  min. The 

supernatant fluid was di scarded and the pellet resuspended in 

0 . 1 5M NH4Cl to lyse remaining erythrocytes . The suspension was again 

centrifuged at 1 25 g for 10 min. and the supernatant discarded . The 

remaining lymphocyt es were washed three times in HBSS . In this process 

the cells were suspended for f ive minutes and recovered by centrifuga-

tion at 1 25 g for 1 0  min . Total cell counts were made in a Neubauer 

haemocytometer and differential c ounts made on smears stained by 

MacNeal ' s tetrachrome . ( 1 )  Follmving addit ion of phytohaemagglutinin 

( PHA-P) ( Z ) at a concentrat ion of  20 )Ul per ml the cultures were gassed 

with a 4 per cent . co2 and air mixture and incubated at 37°C for 36 and 

72 hr . All of the above manipulat ions were carried out with strict 

observance of aseptic technique . 

Harvesting of C e l l s  for Electron Microscopy 

After incubat ion the cultures were transferred to  50 ml screw-top 

centrifuge tubes and centrifuged at 1 25 g for 10 min. The pellet was 

recovered and resuspended in chilled 0 . 1 M  phosphate buffer (Appendix I )  

for f ive minutes , and centrifuged at 1 25 g for 1 0  min. The c ells were 

washed in this manner three t imes before fixation for 30 rr.in . in 

chilled 1 per cent . osmj um tetroxide in 0 . 1 M  phosphate buffer . After 

fixat ion the c ells were repelleted by centrifugation as before and 

washed for five minutes in ch illed 0 . 1 H  phosph2.t e buffer.  They were 

( 1 )  Searle Scient ific Services , Chadwell Heath , Essex , London . 

( 2 )  \llellcome New Zealand Limited , Otahuhu , New Zealand . 
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again recovered by c entrifugat ion at 125 g for 1 0  min . and embedded in 

an epoxy resin following dehydration in a graded alcohol and propylene 

oxide series (Appendix I ) . Electron microscopic examinat ion was 

performed on sect ions cut and stained as described in Chapter 2 .  

RESULTS 

Yield of Lymphocytes from Peripheral Blood 

The procedure described above resulted in pract ically pure yields 

of lymphocytes from peripheral blood as determined by the examination 

of stained smears of cell preparations . Occasional granulocytes were 

seen , but these never exceeded 0 . 5  per c ent . of the cells recovered. 

6 6 
Harvests varied between 60 x 1 0  and 1 50 x 1 0  lymphocyt es per 40 ml 

of blood , with the higher yields being obtained from animals with 

elevated lymphocyte counts . 

Examinat ion of Cultures by Electron Microscopy 

Virus-like part icles were detec t ed in all PHA-stimulated cultures 

from sheep with induced lymphocytosis but not from those derived from 

control cultures (Table 5 . I ) . 

The particles were generally spherical or ovoid with electron-

lucent centres and were surrounded by a unit membrane ( Figures 5 . 1 , 

5 . 2 , 5 . 3) .  Their external diameter ranged from 60 t o  1 20 nm . 

Morphologically they fulfilled the criteria laid down by de Harven 

( 1 968 ) for "ty-pe A" oncorna viruses . They vrere most commonly located 

in groups within membrane-limit ed vacuoles in the c ells ( Figures 5 . 1 , 

5 . 2 )  but were also observed free in the cytoplasm as well as extra-

cellularly ( Figure 5 . 3) . 

Structures resembl ing particles budding into intracytoplasmic 

vacuoles were not conclusively observed. No particles of  

"C  type" virus morphology were seen . 
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TABLE 5 . 1  

The Occurrence o f  Virus-like Particles in  Cultures o f  Phytohaemagglutinin-

st imulated Lymphocytes of Sheep 

Sheep No . 

401 

41 3 

41 6 

426 

432 

1 1 3  ( contact control ) 

Populat ion control1 
Populat ion control2 
Populat ion control3 
Population control4 

No . of cultures vJi th virus-like 
particles 

Number of cultures examined 

36 hr 72 hr 
cultures cultures 

1/1 

1/1 2/2 

1/1 2/2 

1/1 1/1 

1/1 2/2 

0/1 0/2 

0/1 0/1 

0/1 0/1 

0/1 0/1 

0/1 0/1 

t otal 

1/1 

3/3 

3/3 

2/2 

3/3 

0/3 

0/2 

0/2 

0/2 

0/2 
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Figure 5 . 1  

A vacuole within a phytohaemagglutinin-stimulated 

lymphocyte from sheep No . 41 3 containing numerous 

structu.res ( large arrow) consistent in morphology 

with type A oncorna viruses . Similar particles 

are present in the cytoplasm ( small arrows ) .  

Electron micrograph x 2 0 , 0 00 

Figure 5 . 2  

"Type A "  virus-like particles in a similar preparat ion 

from sheep No .  426 to that shown in the previous 

figure . 

Electron micrograph x 5 0 , 000 
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Figure 5 . 3  

Large numbers o f  virus-like particles present i n  3 

vacuoles within a phytohaemagglutinir.. st imulated 

lymphocyte from sheep N o .  432 . Possible budding 

forms ( arrows ) are present . 

Electron micrograph x 5 0 , 000 
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DISCUSSION 

The presence of large numbers of part icles in the vacuoles of 

cells in these cultures raises the question of their significance . 

Their situation , size and morphology indicate they are l ikely to  be 

viruses belonging to  the oncorna group. This is supporte� by similar 

observat ions by other investigators in this field. Weiss et al . ( 1 971 ) 

reported that PHA-st imulnted lymphocyte cultures from hvo sheep with 

malignant lymphoma contained oncorna virus-like particles when 

examined a fter 72 hr incubation .  This group of workers ( Paulsen et al . ,  

1 972 ) subsequently extended these investigat ions and demonstrated virus­

like particles in seven sheep which showed persistent lymphocytosis or 

overt malignant lymphoma. Lymphocyte cultures st imulated by mitogen 

from the remaining 38 clinically normal animals in this flock showed no 

production of virus-like part icles . The product ion of mixed "C type" 

and "vesicular" viruses was seen in these preparations in which the 

latter form were most abundant . In size and morphology the structures 

seen in the present experiments closely resembled the "vesicular"  form 

of the virus Paulsen et al . described . In similar experiments with 

bovine lymphocyte cultures particles resembling oncorna virus were 

described (Miller et al. , 1 969 ;  Dutta et al . ,  1 970 ; Olsen et al . ,  

1 970 ; and Stock and Ferrer , 1 972 ) . These reported resulta ,summarized 

in Table 5 . II, strongly emphasize the assoc iation of the virus-containing 

cultures with malignant lymphoma and particularly with lymphocytosis . 

It seems likely that these viruses may be causally related to  bovine 

lymphocytosis and/or malignant lymphoma. This association is further 

supported by the observat ion that the part icles isolated from sheep in 

Germany showed a strong precipitat ion react ion in immunodiffusion tests 

with sera of 1 3 of 14 sheep with spontaneous malignant lymphoma , but in 

only 3 of 8? clinically norm21 sheep (Paulsen , :rers . cornm . ) Budding 

forms of virus were not conclusively observed in the present cultures . 

Weiss et al . and Stock and Ferrer have al so noted difficulty in 
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The combined frequency of "C-type " vi rus particles in ca ttle as de te c ted by examination of 

short-term, PK�-s timulated lymphocyte or  buffy coat cultures 

Clinical s ta tus of  
animals tested 

Malignant lymphoma 

Persis tant lymphocytosis 

Non-lymphoc�tosis  ( in multiple 
case herd) 

Normal ( in malignant lym�homa fre e ,  
non-lymphocytosis  herd ) 

Normal cattle ( inoculated w·ith 
malignant lynphoma material in 
utero o r  neona ta lly ) 

( 1 ) S tock and Fe rrer ( 1 972 ) 

( 2 ) O lson e t  al . ( 1 970 a and b)  

( 3 )  Dutta et  al . ( 1 970)  

Number of  animals wi th "C-type "  particles  
Number o f  ��imals s tudied 

Pennsylvania ( 1 )  Wisconsin( 2 )  Minnesota( 3) 

3/5 1 0/1 4 5/7 

6/6 1 0/1 0 5/5 

3/1 3 5/21 -

0/6 2/26 0/5 

1 5/26 

Total 

1 8/26 

2 1 /21 

8/34 

2/37 

Per cen t . 
positiva 

69 

1 00 

23 . 5  

5 . 4  

57 . 7  
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demonstrating this phenomenon in culture . The latter reported that 

budding forms could not be seen even after the rapid cell fixation 

method of de The ( '1 964 ) was utilized.  Budding particles were 

eventually demonstrated in their cultures at 3 , 12 and 1 8  hr but a 

total of only seven "buds" V!ere present in 900 sections of cells 

examined . This rarity of "buds" and the difference in ages of the 

cultures when examined probably explain why no "buds" were conclusively 

demonstrated in our experiments . The fact that we demonstrated 

relat ively few extracellular virus-like part icles is probably due to  the 

thorough washing of cells which was shown to  be necessary by preliminary 

experiments .  In these ,plastic embedded material prepared from cultures 

was extremely difficult to sect ion due to the presence of hard particu­

late materia l assumed to be due to  crystalline material derived from 

the culture fluid. 

It is emphasized that these results are preliminary in nature and 

should be repeated on a larger scale .  However , against the background 

of other experimental work in this thesis and the results of other 

workers it seems probable that these viruses are related t o  

persistent lymphocytosis , and thereby to  mal ignant lymphoma o f  sheep . 

CONCLUSIONS 

Part icles consistent in morphology with the "type A" oncorna 

viruses of mice , chickens and cats and those recognized in association 

with persistent lymphocytosis and malignant lymphoma of cattle and 

sheep can be detected in PEA-st imulated lymphocyte cultures from 

sheep with experimentally transmitted lymphocytosis and not in similar 

preparat ions from c ontrol sheep . 'l'hey can be seen in the cyt oplasm 

within cytoplasmic vacuoles as well as extrac.el.lularly. It is probable 

that these particles are aetiologically related to  lymphocytosis and 

th8reby to  mal ignant lymphoma in sheep . 
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STUDIES ON CELLULAR I�IDNITY 

INTRODUCTION 

It has been demonstrated that tumours are able to elicit an 

immune response in the host in which they arise . Recent reviews on 

this topic are those of Old and Boyse ( 1 965) and Rich and Siegler 

( 1 967) . Huch of the earlier work c oncentrated on the humoral response 

to  tumour antigens , but more recently emphasis has shifted to  c el l  

mediated immunity a s  an important factor i n  host response to  tumours 

( Churchill et al . ,  1 968 ; Nordin , 1 972 ) .  Field and Caspary ( 1 970) 

have indicated the possibility of the in vitro test ing of lymphocytes 

for their ability to produce mediators assoc iated with cellular 

immunity as a diagnostic  and perhaps prognost ic test for neoplasia in 

humans , but there has been little attent ion focussed on the detec tion 

of precancerous changes by such methods . It  became apparent that the 

presumed pretumourous lymphocytosis induced in the sheep experiments 

( Chapter 3) represented a model for the immunological invest igation of 

a precancerous stat e . In the work of Field and Caspary a type of 

macrophage migrat ion inhibit ion test showed particular promise as an 

investigatory tool in human cancer research.  These workers however 

employed what might be considered a non-specific ant igen in the form of 

basic protein derived from normal central nervous system mat erial and 

v1ere able to demonstrate that lymphocytes of pat ients with malignant 

tumours frequently showed reac tivity to it . The present experimental 

situat ion in sheep allows the use of specific  antigens in the form of 

cell-free extracts  of malignant lymphoma as well as extracts  from 

appropriate control t i ssues . 

Although the macrophage migrat ion inhibit ion test is technically 
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involved ,  it represents one of the best of all currently available 

methods for the detection of specific c e ll mediated. immunity ( Herbert , 

1 970) . Accordingly , the ma jor emphasis of the experiments reported 

below is based on this t ec�nique . For comparat ive purposes , simple 

intradermal tests were also carried out .  

l"lATERIA1S AND METHOnS 

Animals 

The sheep t ested for the presence of c ell mediated immune reaction 

to  tumour and control ant igens described lat er '.vere those that had been 

inoculated with tumour extracts 011 , 012 and 013 and the contact control 

animals a s  described in Chapter 3 .  

The Macrophage Migrat ion Inhibit ion Test 

The principle on which this t est is based is simple and depends 

upon the ability of eensi t ized lymphocytes to  respond v1hen exposed to  

the sensitizing antigen , by  the release of a factor which inhibits the 

migration of macrophag8s . This factor is knovm as migrat ion inhibitory 

factor or MIF. As applied to the present work , the macrophages for the 

t est were derived from the peritoneal cavity of . normal sheep , the 

lymphocytes were derived from blood of the various sheep ( see  above ) , 

and the ant igens were derived from ovine malignant lymphoma t issue or 

normal ovine t issue . · The t est is illustrated in diagrammatic form in 

Figure 6 . 1  and described in more detail below. Aseptic t echniques were 

maintained ilith regard to p:ceparat ion a.."'ld handling of all mat erials used 

in these procedures. 



Heparinised blood from 

an imals u nder test. 

Preparation of 

capillary tubes. 

Preparation of 

peritoneal exudate cells.  

Lymp hocyte cu ltures.  

Analys is  of resu lts .  

Figure 6. 1 
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Antigens from normal 

a n d  neoplastic t issue. 

Assembly of 

m igration chambers. 

I ncubation of 

migration chambers 

and recording of results. 

Schematic representation of the procedure 

used in the macrophage migration inhibition test. 
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I .  Source of antigens 

( i )  Tumour ant igens , designated 017 , 018 and 019 , were derived 

from tumour tissue of three cases of spontaneously occurring 

malignant lymphoma of lymphoblast oid type obtained from a 

local slaught e:r-house . 

( ii )  Normal lymph node ant igen ( NL)  was obtained by surgical 

removal of the precrural lymph node of sheep 72 , a randomly 

selected contact control . 

( ii i )  Normal kid:1ey ant igen ( NK)  was obtained from normal renal 

c ortex from a healthy animal killed at a local slaughter-house . 

II .  Preparat ion of antigens 

The tissues 017 , 018 , 019 , NL and NK were individually homogenized 

with an equal volume of HBSS with ant ibiot ics using the same t echniques 

as described in Chapter 3.  Each homogenate was held at 4
°

C for 24 hours 

in sterile 20 ml screw-top Universal containers before being c entrifuged 

for 10 min . at 2 , 000 g .  The supernatant was aspirated and stored in 

20 ml Universal containers prior to inoculat ion of cultures . Each 

batch was tested for cytotoxicity in culture with lymphocyt es.  The 

cultures 1r.rere established as described below and five per cent . ant igen 

by volume of the culture was added . Cytotoxicity of control and antigen 

inoculated cultures was judged by the trypan blue dye-exclus ion method 

( Ling , 1 968) after 2L� hours . At this concentrat ion of ant igen no 

differenc es in lymphocyte viability between the control and antigen 

inoculat ed cultures were detectable a�d therefore in subsequent 

experiments the various antigenic solutions were pipetted at this five 

per c ent . l evel . 

III.  Lymphocyte cultures 

( i ) Lymphocyte cultures were prepared from inoculated and c ontact 

<; ontrol sheep of the experi mental floclc by the same techniqu e  
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as that described in Chapter 5 .  

( ii )  Depending on the number of ant igens t o  b e  used , either five 

or six 1 0  ml cult ures were established from each sheep under 

test . One of these served as an uni noculated medium c ontrol , 

while to each of the others was added one of the tumour or 

normal t issue extract s .  All sheep were tested with NL , NK , 

OL8 and OL9 antigens , but due to quantity limitat ions only 27 

of the 41 sheep could be t ested with OL7 • 

( ii i )  The cultures vJere inoculat ed with the various ant igens and 

incubated for 24 hours at 37
°

C .  

( i�)  Following incubat ion the cultures were c entrifuged at 2 , 000 g 

for 1 0  min . and the supernatant flui d  was dispensed into 1 0  ml 

screw-top glass bottles , which were labell ed and stored at 

-20
°

C unt il tested for MIF act ivity. 

IV.  Preparat ion of peritoneal exudat e cells ( PEC ) 

The sourc e of PEC for use in these experiments Here rams culled 

from the Massey University c ommerc ial flock on various grounds including 

"ill thrift " ,  test icular abnormalities and lameness. 

( i ) Intraperit oneal inject ion of 1 , 000 ml of sterile paraffin oil 

at 37
°

C was made on two occasions with a seven day interval 

between inject ions . For ease of administrat ion the oil was 

dispensed in 500 ml blood c ollect ion packs( 1 )  
and the injec t i on 

\-Jas made through a 1 2  gauge ( BS\<1) needle . The cells produced 

by this s t imulus were harvested 7 t o  14 days after the second 

paraffin inj e c tion. 

( ii )  After slaught er b y  exsanguinat ion and spinal c ord transection 

( 1 )  Tut a ,  Lane Cove , N . S . \v . ,  Australia . 
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the rams were skinned , care being exercised to  avoid puncturing 

the abdominal wall . 

( i ii ) The ventrRl abdominal wall from xiphisternum to pubis was swabbed 

with alcohol and the prepared area was isolat ed with sterile 

surgical drapes . Using asept ic  techniques the abdominal cavity 

was opened at the region of the umbilicus with a mid-line incision 

to enable introduct ion of the hand . Through this inc ision 1 , 500 

ml of cold HBSS with ant ibiotics and 5 lU of heparin BP per ml was 

introduced and gently washed around the organs of the abdomen to  

suspend the  PEC . 

( iv ) The inc ision was then extended anteriorly to  the xiphisternum and 

post eriorly to the region of the ant erior margin of the preput ia! 

attachment s ,  and the fluids present in the abdominal cavity 

aspirated by suct ion into a sterile 2 , 000 ml flask . 

( v ) The aspirated fluid was transferred t o  a large sterile separation 

funnel ,  and aqueous and oil fract ions allowed to separate . The 

aqueous fract ion containing the PEC was collect ed into sterile 

screw- top 100 ml centrifuge tubes and centri fuged at 1 25 g for 10 min.  

( vi ) The pelleted cells were pooled and washed twice  in HBSS by 

centrifugation at 1 25 g for 10 min . and were finally resuspended 

in an equal volume of growth medium (Appendix III ) . Smears of 

these preparat ions stained by MacNeal ' s  method were shown to  

contain a high perc entage of macrophages ,  with a very few ( t otal 

less than 0 .5  per cent ) lymphocytes ��d polymorphonuclear leucocytes.  

V .  Preparat ion of migrat ion chambers 

. . ( 2 )  \·Jere used 
Plast ic t issue culture petri dishes of 35 x 10 mm dlmenslons 

as migrat ion chambers . S ix equidistant spots of sterile silicone grease , 

dispensed from a syringe into each dish approximately 0 . 5  cm from its  

perimeter , provided the arlChorage for the capillary tubes . The previously 

( 2 )  F'alcon Plast ics No . 3001 , Becton Dickenaon and Co . ,  U . S .A . 
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prepared lymphocyt e  culture supernatants were thawed and five millitres 

of each added t o  each of  two migrat ion chambers . This step was 

performed while the PEC were being packed in the capillary tubes by 

centrifugat ion ( see st ep VI ( ii ) below) . 

VI Preparat ion of capj llaries 

( l. ) 1 th � . 1 ' 1" t ' . ( 3 ) t . t eng s or v1ny cap1 1ary u o1ng were cu 1n o approx-

imately 1 00 cm lengths and irradiated overnight with 

ultra-violet light . 

( ii )  Peritoneal exudat e cells were aspirated into one millilitre 

tuberculin syringes and injected through an 1 8  gauge ( BSW) 

needle into the capillary tubing. The tubing was then 

divided into lengths of approximat ely five centimetres and 

one end of each piece was heat -sealed . These were wrapped in 

groups in sterile aluminium foil , plac ed in 1 0  ml t est tubes 

��d c entrifuged at 625 g for five minutes . 

( i i i )  Using a sterile razor blade the tubes were cut at the c ell-

media interface and the port ion containing the cells was 

further divided into 0 . 5  cm lengths . Care was taken t o  make 

the cuts cleanly and at right angles to the long axis of the 

capillary tube . 

( iv )  The tubes were now ready for assembly in prepared migrat ion 

chambers and this step was c ompleted as rapidly as possible . 

Six were placed in each cho.niber taking care to posit ion them 

flat on the chamber base with the outer e.nd anchored in the 

silic one grease spot and the inner end directed c entrally 

(3 )  SV61 Dural Plast ics , N . S . W . , Australia . 
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( Figure 6 . 2 ) . The outer end was effect ively sealed by the 

grease . 

( v )  'rhe assembled migrat ion chambers were placed o n  a level 

board and tra.11.sferred to a humidifi ed co2 incubator at 37
°

C 

for 1 6  hr � 

YII Measurement of macrophage migrat ion 

( i ) After incubat ion the cultures were removed from the incubator 

with as little disturbance to the preparat ions as possible 

and the area of  migrat ing cells from each capillary tube was 

photographed through an inverted microscope ( Figure 6 . 3) . 

( ii )  The processed films were printed on uniform paper . us ing an 

identical enlargement for each. 

( ii i )  The photographs were dried and glazed and the areas o f  

migrat i on were ident ified and cut out . Individual weights 

of  migrat ion areas vJere measured t o  the nearest milligram. 

( iv)  The migration areas were expressed as the perc entage 

inhibit ion compared to the media c ontrol culture . This was 

calculated by the following formula : 
X 

macrophage migration inhibit ion = 100 - 100 . (�) 
X c 

where X = mean weight of migrat i on areas in ant igen a 

stimulat ed culture 

X - merur 1t1eight of migrat ion areas in media c ontrol 
c 

culture . 

In each animal tested , this assumes that the media c ontrol has 

zero inhibit ion and therefore the other treatments within the group 

are expressed as 'percentage of inhibit i on with ·respect of their 

particular group c ontrol . Stat ist ical analysis of the results was 

performed using the mult iple range F test described in Chapter 3 .  
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Figure 6 . 2  

Assembled macrophage migrat ion chamber showing arrangement 

of capillary tubes ( arrows ) . 
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Figure 6 . 3a 

The uninhibited mir,ration of ovine perit oneal exudate 

cells from a capillary tube after 1 6  hr in culture . 

The migration "fan" c onsists of a dense area ( large 

arrovJ) visible to the naked eye and an outer ( small 

arrows ) zone of migrat ion made visible by microsc opy . 

Unstained x 65 

Figure 6 . 3b 

Marked inhibit ion of peritoneal exudate cell migrat ion 

caused by the presenc e of  macrophage inhibitory factor 

in the culture medium . 

U .nstained x 65 
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Tumour Ant!:,gens 

I .  Ant igens 
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The antigens used in this t est were 018 , 019 , NK and NL as detailed 

previously in this chapter . 

II .  Test i ng procedure 

An intradermal inject ion of 0 . 1  ml of each ant igen was made into 

the wool-free area of the inner flank in all .sheep preYiously inoculated 

\vi th tumour extracts 011 , 012 and 013 , as well as c ontact c ontrol 

animals . The inject ion sites of three c ontact control sheep and three 

sheep previously inoculated with tumour mat erial were chosen at random 

from these and examined histologically at 48 hr after exposure t o  

antigen . 

RESULTS 

Macrophage Inhibit ion Test 

The percentage inhibition of macrophage migrat ion for the various 

groups based on lymphocyt es derived from contact c ontrol sheep and 

those originally inoculated wi th extracts  of tlJ.mours OL�1 , 012 and 013 

are shown in Tables 6 . I ,  6 . II ,  6 . JII  and G . IV respect i vely .  A summary 

of statistical analyses of results are shm.;r: in Tables 6 . V ,  6 . VI and 

6 . VII . With one except ion ( sheep 72 ) there was no significant macro­

phage inhibiti on by Sllpernatants fl·orn control t issue an-£igen stimulate d  

lymphocytes whether o r  not lymphocyt es were derived from c ontrol sheep 

or sheep previously :i noculated with extracts o f  turno1.1rs OL1 , 012 or 013" 

A repeat test with sheep 72 �ave a non-si gn ifi cant macrophage migrat ion 

inh.ibi t i on ( 'I'able 6 .  VII )  thus be ing more i n  keeping wi th the results of 

other c ontrols . 



1 29 

TAI3LE 6 . I  

Inhib i t i on o f  Macropha ge Mi[Srat i on Produced by Ant i gen-St imulated 

1ymphocyt e Cultures Derived From C ontact C ontrol Sheep 

Per c en t . inhibition with : -
Sheep N o .  c NK N1 017 01 8 019 

72 0 -9 . 0  32 . 6  -3. 4  NT NT 
( 1 st t e st ) 

72 0 NT ( 1 2 . 5) NT 1 2 . 5 -1 6 . 7  
( 2nd t est )  

73 0 -9 . 6  -3 . 2  NT 0 -9 . 6  

1 1 3  0 - 1 3 . 4  4 . 5  -4 . 3  6 . 7 -6 . 6  

1 1 4  0 -7. 65 -9 . 3  -3 . 9 0 -8 . 7  

1 1 5 0 9. 83 8 . 1  3 . 5  -5 . 5 1 1 . 1 

1 1 6 0 -1 8 . 7  -1 5 . 9 -22 . 7  -32 . 1  -22 . 1  

1 1 7  0 -6 . 4  - 6 . 5  6 . 5  -6 . 4  -9 . 6  

1 1 8 0 -6 . 1  -9 . 4  NT -9 . 4  - 7 . 6  

1 1 9 0 3 - 5 3 - 5  -3 . 4 3 . 5 1 0 . 4  

1 21 0 -3. 9 - 1 3 . 2  - 7 . 5  -5 . 6  1 1 . 3 

'1 22 0 - 1 0 . 0  0 -1 3 . 3  3 - 3  3 - 3  

1 23 0 9 - 5 - 7 . 2  - 1 . 5  1 3 . 6  5 . 4  

1 24 0 -7 - 7  -1 2 . 3  NT -1 9 . 2  - 1 2 . 3  

424 0 -2 . 8  ··2 . 8 -2 . 8  -5 . 4 5 . 5 

Key :  NT = Not t� sted 

c - Medium c ontrol - assumed t;o  be nil 

NK = Normal kidney ant igen 

NL = Normal lymph node antigen 

017 ) 
) 01� ) 

- Malignant lymphoma tumour extrac t s ,) 

OL . ) 



Ihhibit ion 

Sheep N o .  

401 

402 

41 3 

420 

421 

425 

426 

432 

433 

434 

435 

Key :  NT 

c 

NK 

NL 

TABLE 6. II 

of Macrol?.hage Migrat ion Produced by Ant igen-St imulated 

Lymphocyt e Cultures Der ived from Sheep 

-

= 

= 

= 

= 

Previousll Inoculat ed with OL1 

Per c ent . inhibit ion with : -
c NK NL OL7 OL8 

0 -2 . 0  0 . 04 76 . 9 74 . 4  

0 7 - 5 1 1 . 2  83 . 2  63 . 1  

0 -1 3 . 3  -2 . 8 65 . 1  67 . 8  

0 3 - 7  -3 . 7 NT 33 - 3 

0 -1 1 . 3 - 1 1 . 3  67 . 5  61 . 4  

0 - 1 1 . 1 -1 1 . 1 NT 5 . 6 

0 9 - 5 0 71 . 5  85 . 7 

0 -1 . 8  1 . 9 51 . 0  56 . 4 

0 -20 . 0  -25 . 0  N'I' -35 . 0  

0 -1 2 . 8  1 0 . 3  5 . 2  -1 2 . 8  

0 3 . 6  -3 �5  NT 3 . 6 

Not te st ed 

Medium c ontrol - assumed t o  be nil 

Normal kidney ant igen 

Normal lymph node antigen 

Halig;nant lymphor.Ja tumour extracts 

OL9 

79 . 2 

63 . 1  

64 . 6  

44 . 5 

59. 1  

5 . 6 

62 . 0 

61 . 9 

-25 . 0 

1 5 . 4 

1 0 . 7  

1 30 



TABLE 6 . III 

Inhibit ion of Macrophage Higra.t i on Produced by Ant igen-S t i mulat ed 

Sheep N o .  

403 

405 

407 

41 0  

41 1 

41 1+ 

41 5 

41 6 

l�17 

429 

Key:  NT 

c 

NK 

NL 

01.7 ) 
) 018 ) 

019 ) 

Lymphocyt e Cultures Der ived from Sheep 

Previou slv Inocu lat ed with 012 

Per c ent . inhibit ion with : -
c NK NL 017 018 

0 -1 3 . 0  8 . 7 NT 65 . 3 

0 3 . 0  -2 . 9 NT 1 7 . 6 

0 8 . 6  -4 . 6 27 . 5  24. 2  

0 -1 3. 3 0 53. 4  33. 3 

0 -2 . 8  5 . 8 25 . 8  37 . 2 

0 0 -5 . 5  NT 1 6 . 7 

0 5 - 9 5 . 9 26 . 5 64. 8 

0 -7. 9 3 . 2  69 . 9 57 . 2  

0 7 . 3 -7 - 3 -4 . 9  22. 0  

0 -2 . 6 2 . 7 6 . 6  -1 . 3  

= Not t ested 

= Medium c ontrol - assumed to be nil 

= Normal kidney ant igen 

= N ormal lymph node ant igen 

= Halignant lymphoma tumour extrac ts  

019 

56 . 6 

26 . 5 

1 2 . 6  

33 . 3 

57 - 2  

1 6 . 7 

26 . 5 

66 . 6  

1 7 . 0  

- 1 4 . 0  

1 31 
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TABLE 6 . IV 

Inhibit ion of Jv'�crophage Migrat i on Produced by Ant igen-St imulated 

Lymphocyt e Cultures Derived from Sheep 

Pre v i ously Inoculated  with OL3 

Per cent . inhibi t ion with : -

Sheep N o . c NK l\TL OL7 OLe OL9 

437 0 7 - 7  0 NT - 7 . 6  1 0 . 3  

438 0 -1 . 4  -1 . 4  1 1 . 3 5 - 9 8 . 9 

440 0 0 0 NT -9 . 5  -9 . 5  

441 0 -7. 7 -1 1 . 5 NT -7. 7 -7 - 7 

443 0 -3 . 0  1 2 . 2 75 . 8  69 . 7 54 . 6  

444 0 - 1 5 . 0  - 1 5 . 0  NT - 1 5 . 0  -30 . 0  

Key:  NT = Not t ested 

c = Medium c ontrol - assumed to be nil 

NK = Normal kidney ant igen 

NL = Normal lymph node ant igen 

OL7 ) 
) OL8 ) 

= Malignant lymphoma tumour extrac ts 
OL9 ) 
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TABLE 6 . V 

Analysis of  Results  of  the Mncroph&ge Mir;rat ion Inhibition Test : 

An imals \!.Those Lymphocytes .Showed Clear-cut Differenc es in 

R�sponse to Control an d Tumour Ext racts  

Sheep Degree of  Inoculat ion Ant igens Lymphocytosis Group 

401 + + OL1 NK c . NL OLB OL7 OL9 

402 + + OL1 c NK :NL 018 019 017 

403 + + 012 NK c N1 01 9 018 

41 3 + + 011 NK NL c 019 017 018 

41 6 + + 012 NK c NL OL8 019 017 

421 + OL1 NK NL c OL9 OLS 017 
426 + + OL1 c NL NK OL9 OL7 OL8 

432 + + OL1 NK c NL 017 018 019 

Ant igens underscored by the same l ine show relationships which are not 

significantly different ( P ) 0 . 05 ) one with the other ( as est imated  by 

the F t e st of Kramer , 1 956 ) . 

Key :  

c 

NK 
NL 
OL7 ) 

) or.8 ) 
OL ) 9 

Scoring of  degree of lymphocyt osis : 

+ + Pers:i st ent 

+ Sporad.:!.c 

Abser.t 
Medium c ontrol - assumed t o  be nil 
Normal k idney ant igen 
Normal lymph node ant igen 

Malignant lymph.oma tumour extracts  
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TABLE 6 . VI 

Analysis of Results of the Macrophage Migrat i on Inhibit ion Test : 

Animal3 \vhose Lymphocyt es Showed Less Clear-cut Overall 

Differenc es in Response to Control and 'J'umour J�xtrac t s  

Sheep 

405 

407 

41 0 

41 1 

415 

420 

443 

( 1 ) 72 

Degree of  
Lymphocytosis 

+ + 

+ , 

+ 

+ 

+ 

+ 

Inoculat ion 
Group 

012 NL 

OL2 c 

012 NK 

012 NK 

012 c 

OL1 NL 

013 NK 

cc N1 

Antigens 

c NK OL8 OL9 

NL NK OL9 018 OL7 

c NL o:y8 019 017 

, NL 017 018 019 V 

NK NL 017 019 018 

c NK 018 019 

c NL 019 018 017 

N1< c 017 018 019 

Ant igens underscored v1ith the same l ine s�1c\': r-elat ionships which are not 
significantly different ( P ) 0 . 05 )  one v:i th the other as est imated by the 
F t est of Kramer ( 1 956 ) . 

Key: 
( 1 ) 
+ + 

++ 

cc 

NK 

NL 
r, 

1 st test 
Scoring of degree of lymphocytosis : 
Persistent 
Sporadic 
Absent 
C ontact c ontrol 
Nur·mal kidney an t igen 
N orme.l lymph node ant ig�n 
fl.fP. rl i 1 1 m  r. rm t r o l  · - assumed t o  b-3 n i l. 

Hal ignant lymphoma 
tumour extrac ts 



Sheep 
No . 

41 4 

41 7 

425 

429 

L�33 

431+ 

435 

437 

438 

440 

441 

444 

Key :  

_'C 
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Analysis of Pcsu lts of the }1a�hage Inhi bition 'rest : 

1\nimals \�Those Lymphocytes Showed No Signficnnt Differen ces  

i n  I��spoYlse to Control and Tumour Extrac ts (P 0 . 05 ). 

Degree of Inoculat ion Sheep Degree of  Group 

Lymphocytosis Group No .  Lymphocyt os is 

+ 012 72 cc 

+ 012 73 cc 

011 1 1 3 cc 

012 1 1 4  cc 

011 1 1 5  cc 

+ 011 1 1 6  cc 

011 1 1 7  cc 

+ 01 3 1 1 8  cc 

+ 013 1 '1 9  cc 

+ 013 1 21 cc 

013 1 22 cc 

+ 013 1 23 cc 

1 24 cc 

424 cc 

Animals in which a trend of macrophage inhibit ion was observed 
in tumour ext racts although not s ignif..i.can t at F==0 . 05 as 
est imat ed by the F test of Kramer ( 1 956 ) . 
Sec ond t est 
Contact Control 
Sc oring of degree of lymphocytosj s :  

+ "\" 
+ 

Pers istent 
Sporad ic 
Absent 
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The supernatants of lymphocyte cultures , exposed in vitro to 

tumour extrac ts 017 , OL8 and 019 , fro:n sheep inoculat ed during gestat ion 

or n eonatally with c e ll-free tur.10ur extracts or.1 , 012 or 013 caused 

signi ficant (P <. 0 . 05)  i .nhibi t i on of ma crophage migrat ion in 15 of the 

27 t ested animals . A further four of these cases showed a highly 

suggest ive alt hough less significant degree of inhibition. Of the 1 5  

significant result s ,  7 were from t:h.e 1 1  animals whi ch had been treat ed 

with 01
1

, 7 were from the 10 which had been treat ed with 012 and only 

1 from the group of 6 which had been treat ed v;j th 01y There was no 

significant di fferences between reac t ions given by tumour ant igens 

Intradermal test for delayed type hypersens i t iv� 

I .  Examination of inject ion sites  

N o  posit ive react ions j n  the  form of erythema swell ing or indurat i on 

were detected in any of the sheep tested at 24 or 48 hrs after the 

intradermal inject ions . 

I I .  Histological examinat ion of inject ion sites.  

N o  lesions c onsistent \vi th delayed-type hypersensit ivity were 

observed in any of .the skin bi opsy samples . 

DISCUSSION 

The results report ed  here demor:strate that the lymphocyt es from a 

high proport ion of  sheep v1hich had been experimer.tally inoculated \vi th 

tumour mat erial ( Chapt er 3) produce  a factor \vhich , when cultured in 

the presence o f  extract s  derived from various ovin e lymphoi d  tumours , 

is capable of inhibit ing t he normal migrat ion o f  sheep perit oneal 

exudat e cells . The phenomenon of inhibi t i on of macrophage migrat ion 

in � ha.s been rec ngniBed sinc e 1 932 when Rich and lewis ( c ited hy 

Bloom . ·i q7·1 ) reported the dq:a'e3sed migrat:i on of r�::tc ruph.:tg9s fro� 
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splenic fragment s of tuberculous rabbits c.ni guinea pigs when cultured 

in the presence of tuberculin . Since this t i1ne , it has bee� the 

sub j ect  of c onsiderc:.ble int erest and research which has result e d  

i n  its  development and quantitat ion t o  the stage where the macrophage 

migrat ion inhi bit ion test is generally recognized as having c onsiderable 

potent ial a s  a t echnique for the invest i gat ion of cell mediat ed 

immunity.  'l'he t est depends upon the ab ility of a proport ion of  lympho­

cyt es to release a variety of substances , c ollectively known as lympho­

kines ( Dumonde et al . ,  1 969) , when they are exposed t o  an ant i gen to 

which they have previously bec ome sensit ized . Migrat ion inhibitory 

fac tor is one of these l ymphokines . In guinea pigs the intradermal 

inoculat i on of lymphokines causes an erythemat ous react i on ,  with 

induration and a hi stological picture closely resembling that seen in 

a c lassical delayed-type hypersensit ivity reac t ion ( David , 1 971 ) .  It 

therefore se ems most probable that these substanc es , produced in vitro 

by sensit ized lymphocytes in response to ant igens , are the mediators 

of the delayed-type hypersensit ivity react i ons observed in vivo . They 

are thereforE:: J.ikely to be involved in any host immu�1ologic response t o  

ca:J.cer antigens ,.,,hi ch i s  o f  this nature . 

The production of Jymphokines by sensitized lymphocyt es in 

response t o  subsequent ant igenic st imulus is highly spec ific . David , 

Lawrence and Thomas ( 1 964) showed that the rr.igration of perit oneal 

cells from gu inea pigs sens iti zed to dinitrophenol ( DNP) - gu.inea pig 

albumin c onjl)gat e was inh.�bi ted by this pnrt icular ant igen , but not 

by DNP - bovine gamm:;. globuJ in , although the sera :tad c omparabl e  

t i t ers of ant i-DNP e.nt ibod ies i n  passive cutaneolJ.s anaphylwcis react ions 

against both . Other authors have similarly demonstrat ed the spec i fi c i t y  

o f  t h e  reac t ion with bacterial products such as  tuberculi n  ( Bl oom and 

Eennett , 1 966) , prote j n  <mtiger..s ( George and Vau ghr:m , 1 962 ) , sy-nthe l ic 



1 38 

polypept ides ( David and Schlossman , 1 96f, ) , carbohydrat es ( Geret y , 

Ferrare s i  and Raffel , 1 970) . This spec i f i c it:y has also been shown 

with viruses such as the fibroma virus ( Tomkins , Adams and Rawls , 1 970) , 

transplantat ion alloant igens in the m0u.se ( Al-Askari et a l . , 1 965) and 

tumour ant igens in the guinea p i g  and also with using whole tumour c e l l s  

�s a sourc e of ant igen ( Kronman et al . ,  1 969) or solubl e tumour spec i fi c  

ant igen ( T.SA ) preparat i ons in t h e  gu inea pig ( BJ. oom, B€mnett and Oettgen , 1 969 ' 

in the laborat ory mouse ( Hall i day and Webb , 1 969 ) . Nordin ( 1 972) has 

stressed the importanc e in such exper iments o f  det e c t ing differenc es 

betvreen tumour spe � i fic and histoc ompatab i l i t y  ant igens . The lat ter 

are expre ssed. :m most tumour· c ells and the poss ib ility that these may 

init iat e produc t ion of �liF must b e  e l iminat ed by ade quat e c ontrol 

cultures . In the present experi ments b oth normal lymph node and kidney 

were employed as c ontrols . Lymph node was chosen because this was 

c onsidered t o  be the nearest normal t i ssue equ ival ent of a mal i gnant 

lymphoma . K idney was chosen , not only becau s e  cf its usefulness in 

the expressi on of histoc ompatab i l i t y  e:mt i gens , but also b ecause some 

of the mali gnant lymphoma t issue employed as ant igen v.ras derived from 

tumour nodules in the kidney and it v.·as a poss ibi l ity that some renal 

t issue might have been present as a c ontaminant . The only c onfusing 

resul t  was that arising in the case of sheep 72 , whi ch apparently had 

devel oped hypersens i t i v i t y  to the ant igens of n ormal lymph node extra c t . 

Paradoxi c ally , this eY.tract was derived from a lymph node of this 

part i cular animal and i t  is possible that ant i gen t o  which the lympho­

cytes of this sheep had been previously sensi t ized was present i n  the 

preparat ion. In a repeat e;q:erir1ent with this part icular animal ' s 

lymphocyt es , the degre e  of mac rophage inhibit i on was non sign ifi car:.t 

and the first result may therefore have been du e to some experimental 

error . Wi th thj_s one except i on , none of the t e st s  on animal s showed 

sie;ni f i c ant levels of inhib i t i on vJi th CUJY o.f th� n orma l k i.dney or 
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lymph node extracts and none of the tumou r ext racts caused inhibition 

of migrat ion when cultured \vith lymphocyt es of uninoculated sheep.  

In Yie\v of P1e spe c i fic ity of the  macrophe.ge migrat ion inhibit ion 

react ion it  is cl ear that the lymphocytes from some sl:.eep which had 

previou sly l1 cer. exposed to malignant lymphcmo. ant igens ( 011 and OL2) 

in the transmiss ion experiment s had become sensit ized t o  at least one 

ant igen which t•ras c ommon to all three tumour ant igens ( 01
7

, OL8 and OL9) 

used in the t est syst em . It seems likely , therefore , that the reaction 

of lymphocyt es from sheep v1hich had previously received tumour material 

vias related to TSA ( s ) which were c om::�on to OL
1 , OL

2 , OL
7

, OL8 and OL9 • 

The ant i genic relat ionship of tumour mat er ial 013 t o  the other tumours 

is l ess obvious . Thu lyr!lphocytes of only one animal ( cheep 443) in 

the group which had rec e ived 013 showed any notable reac t i on to the 

t est tumour ant igens and even then reaction with 019 W3.S not significantly 

different from th8 reac t ion elic ited by normal lymph node t issue (Table 

6 . Vl) .  It is possi ble that inoculat ion o f  01
3 

mat erial did not result 

in a positive "transmi ssion" . Evidence for this is seen in the small 

number of sheep showing l;y-mphoc y t osis in this group when c omparec. with 

those receiving OL1 and OL2 
(Tables 6 . V 1  6 . VI ,  6 . VII ) . The sourc e 

mat erial from which 013 was derived was a thymic form of  malignant 

lymphom;� and in cattle at least , this form of malignant lymphoma may 

be a dist inc t epidemiological and pathological ent ity ( Bendixen , 1 965 ; 

Dungworth et al. , 1 964 ; Hugoson , 1 967)  � 'l'he se.me could be true for this 

form of malignant lymphoma in she ep . 

Macroph3.ge inh i b i t ion tests  have not previ ously been described 

using sheep c ells , and c onsiderable preliminary experimentat ion was 

performed t o  e s t ablish the syst em described here . Most of the pre vi ous 

work has been carr ied out using small laborat ory animals � in part icular 

the gu inea pig ! and in such syst ems the rec ov:;;ry o f  PEC j-:-rom sen.si t i zed 
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animal�.::. is relat ively simpl e .  I n  the present exy>er:.i.ments the 

possibility of performing a direct MIF t est ut ili zing PEC of 

experimentally inoculated animals was c onsidered init ially . Direct 

t ests using PEC of sensit i zed animals have the advantage of provd.ding 

both the lymphocyt e an d m�crophagc populations required in the assay 

in a single "operat i on" . Without slaughtering these animals it vias 

found impossi ble to  rec over sufficie:"l.t PEC t c  perform the test by the 

direct method and the ind irect method described here was used . 

Although an extra culturing s-tep is involved there are c ertain 

advantages.  The most important of these is that it is possible t o  

achieve a degree of standardizat ion of the batches of macrophages 

used for the test , because for any one day ' s  experi!'Tlents , all macro­

phages were derived from the same sheep . Nevertheless , slight 

var iat ions in migrat ions areas occurred between tested sheep and 

within each t e s t  system with any part icular batch of PEC . These 

variat ions were c ompensat ed for by the use of 2 x 6 replicates of 

capillaries fo:r ea.ch ant igen tested.  This experimental design 

fac ilitated the stat ist ical analysis of the results in such a way 

as to minimise the overa ll effect of small variations in the recorded 

migrat ions . Th e causes of variat i on which are intrinsic to the 

experimental method here have been examined by F.'-lghes ( 1 972 ) and 

are as follows : -

( a) Storage of P:SC . The migration ac t ivity of guinea pig PEC is  not 

significantly affe c t e d  by up to four hours of storage in growth 

medium prior to c apilla17 prepara t ion . From four t o  five and a half 

hours a significant reduct ion of 9 . 7  per cent . oc curs in control 

migrat ion . This effect may have been observ€d in so�e of our cultures , 

because assembly o f  the chambers was performed between one and six 

hours c-..ft er harvest ing of the PEC . 
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(b )  Preparat ion of canillaries : At l�ast with guinea pig peri t oneal 

cells , it is important to lead capillaries with equivalent cell 

numbers i f  even migrat ion is to be obtained.  Care shoul d  also b e  

taken to cut the tubez. c leanly and at  right angles t o  their long axi s .  

The latter  procedure is sub j ective and error,s ma.y result i n  small 

fluc tuat ions in recording of migrat ion areas . Aft er packing of  the 

capillari es by C (mtrifugat ion they should be !Tlount ed in chambers 

wit hin 30 minut es to avoid deteriorat ion .  This fact or should not have 

affected our resu1 ts because cha.mbers were assembled \vi thin five minutes  

of capillnry c entri fugat ion . The effect of air drying of c ells be fore 

assembly is crit ic al and c onsequently assembly of chambers must be 

made as soon as possible aft er cutt ing the capillary tube . 

( c ) Serum c oncentre.t ion : Variat ion in serum c oncentrat ion in the 

culture medium causes c onsiderable variation in capillary migrat ion in 

the direct macrophage migrat ion inhibition t est in the syst em employed 

by Hughes . In current experiments ,  the c oncentra.t ion of  foetal calf 

serum used in lym!Jhocyte cultures VIas standardized , but its eventual 

conc entrat ion in e1 e migra t ion chambers could not be assessed , and 

variat ion due to this fac t or cannot be fully disc ounted . 

( d) ��drogen ion c oncentrat ion : An increase in pH from 7 . 2 t o  7 . 6 

or 8 . 0  causes signifi cant absolute  reduction in both antigen inhibited 

and control PEC migrat ions but th i s  does not influ ence the relat ive 

percentage inhibit ion betVJeen test and control preparat ions in the 

guinea pig sy:=::t err.4  For thi s reason t h e  p H  of t h e  system employed here 

was care fully moni tored . In the essent ially open culture syst em 

empl oye d  it was found imposs ible to  a void some slight fluc t'.lat ion in 

the pH of the mediuM and this probabl�y account ed for some of t he 

variat i on recorded between migrRt ion cho.mbers . 

( e ) AnticoaGu·��nts :  At certain c onc e!ltrat ion s , heparin may exert a 

delet erim1 :3 d'f�; G t  on m igrat ion of mc cropha ge & .  The low lev<:l employed 
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in these expe riments and the effect of very thorough cell washing make 

it u nl i kely that the presenc e of heparin influenced the results.  

( f ) Conc entrat ion of ant igen and dt1r<:1 t i on of incubat ion : Hughes 

showed t hat differenc es in migrat i on can be detected as early as b10 

c:md a half hours after the beginning of incuba t ion . He a.lso found 

that higher conc entrations of ant ige� accelerated the migration .  As 

the ant igen concentrat ion employed in present experiment s vJas unknown , 

but presumed t o  be low ,  tests were read at 1 6  hr , but sensit ivity was 

not tested and the great est expr ess ion of migration inhibi tion may 

have occurred earlier or later tha.n this t ime . · 

( g) Ihcl.lbat i on on a non-hori zontal su.rface : The influenc e of gravity 

on migrat ion may be c onsiderabl e  if the chambers are tilt ed . Providing 

cultures are arranged so that capillary h<bes are ra.d:ially opposed , this 

effect should be mini�11ized when mean areas are comput ed . The effect 

does , however , lead to  great er variance  of within group c omputat ions 

and is best avoided . PJ . ac ing the migrat ion chambers on a level surfac e 

overcame much of this problem although exact level posi tioning of the 

capillar ies within the chambers c ould not be guarant eed . Occasion3.l 

tubes float ed away from the "anchor ' '  grease spots during incubation 

and were exc ludE:d from the exper iment . 

(h) Measur ement of miE�;rat ion : Dur ing migrat i.on the mac rophages form 

two definable areas . These comprice the primary zone ( Figure 6) which 

is visible t o  the une.ided eye , and an outer zone which is visible by 

transmit ted  light micros c opy ( Figure 6 ) . Hughe s report ed that the 

out er limi-t s e en by micro.s-::: opy gave a r1ore sensit ive and accurat e 

mea.sure o f  migra.t ion and in the present experiments migrat ion areas 

were est imated on this l j_mi t .  In some cases i t  was difficult t o 

define exactly tecause of  cell·-scatte �>:> from the tubes which resulted 

from movement of culture disheD and this factor probably a c c ount ed 

for some vad at i on in recordings . 
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From the above considerations it is clear that the test results 

are pot ent ial J y  sub ject to  a variety of errors arising from techn ical 

factors . In the pl'tsent experiments those which appear most l ikely to  

have caused variat ion in results are the physical movement or t ilt ing 

of the cultures , pH fluctuat ions a.'1d '.7ariat ion in the concentration 

o f  serum in the media .  Howev er , the possibl e presence of these 

variables has not presented any great difficulty in the evaluat ion o f  

result s .  Many of the.se potent ial errors are likely to have afiected. 

controls as well as teRt preparat ions and those that do not come into  

this category have had their importance diminished by  the 2 x 6 fold 

replicates of each t est and the subsequent stat ist ical analysis .  

The use o f  vinyl tubing for this test has not previously been 

report ed , although Hughes ( 1 972 ) utiliz.ed polythene tubing in  a 

similar fashion. Such plastic tubing has several advantages over 

the thin walled glass capillary tubing employed by others . Apart 

from be ing cheaper it is technically less difficult to cut accurately 

and i s  easily sealed and ma.�ipulated.  

Tabl es 6 .  V,  6 .  VI and 6.  VII  show the rela.t ionshi p of the macrophage 

migrat i on i nhibit i on t est to  the degree of l ymphocyt osis induced b y  

tumour extJ:·acts ( Chapter 3) . From inspection there is a relat ionship 

beh1een animals with persistently eleva.t f·d lymphocyte counts with those 

showing s tat ist i ca.lly confirmed posit ive tests and this suggests that 

the t est mgy be an accu:r;;:..t e  indj c at or of the presumed pre-tumourous 

stage of malis;nA.n.t lym]!homa . A growing bod.y o:f evidence as surveyed 

by Burnett ( 1 970) , assoc iates neoplasia with failure of adequat e 

" immunosurveillanc 1" ' ' · It is t empt ing t o  suppose that the appearance of 

cells sensitized t o  tumour spec ific anb gcn and the devel opment o f  the 

pre-clinical phase o f  mal ignan t lymph omas may both stem from the 

f,q i ] n r c>  o f  thr, :-;hc ep to  elj  rr!'inat e a carc inogen2.c fac tor . The macropha r-;c 
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migrat ion inhibition test has been used to demonstro.te cell mediated 

immunity to  canc er in a variety of spe c i e s .  In man , Segal et  al . 

( 1 972) have shown that tumour c ells from 33 of 57 pat ients with 

maligm.mt neoplasms , when cuJ.tured in the presence  of o.utochthonous 

lymphocyt es , caused the production of MIF �s determined by the t est . 

Of the tumours test e d ,  1 7  v.:ere r1alignant lymphomas and of these 1 0  

caused the rel ee.se of Jv!IF from the pat ients own lymphocytes . Gold­

stein , Shore and Gusberg ( 1 9'71 ) employing the leucocyte migrat ion 

inhibit i on test , showed a similar situat ion in pat ients suffering 

from invasive squo.mous cell carc inomas of the cervix. Field and 

Caspary ( 1 970) have reported sensit i zation to ba.sic prot ein from the 

central ne1·vous syst P.m in overt cases of tumours and suggest that 

detect ion of cell mediated immune reac t ions of this type may form the 

basis of a useful  in vitro screenir1g test for c:mcer . · The · present 

results indicate that at least in mal ignant lymphoma of  sheep it may 

be poss ible by this means t o  d e t e c t  a precl inical stage of this disease . 

In vi evJ of the spec ifici ty of MIF produc tion by sensit i zed lympho­

cytes , the cross react ivity of the tumour extrac ts t ested here is of 

further significance . It has been observed on several occasions 

(Kle in , 1 971 ) that virally induced tumours share similar antigens 

while this is not the case for chemically induced cancers ( Basombrio , 

1 970) . The resu lts obtained here may therefore be interpreted as 

further evidence for the viral aetiology of ovine malignant lymphoma . 

The failure t o  demonstrat e delayed type hypersensit ivity in vivo 

in the experimental sheep by intradermal inoculation of tumour ant igens 

used in the Mili' test wa.s not surprising. Tumour specific ant igens are 

generally weak ant igens and ,,.,ill not usually elicit  strong react ions in 

such tests ( Bartlett , 1 972) . 
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CONCLUS IONS 

A modi fied macrophage migrat i on inh ibit i on t est is extremely 

valuable for the invest igat i on of spec ific c el l  mediat e d  immunity in 

sheep previously exposed to tumour ant igens . A proport i on of sheep 

which rec e ive c ell fn.,e tumour mat erial ear1y in l i fe show c lear 

evidenc e of c ell mediat e d  immunity \vhen t est e d  in vitro with other 

malignan t lymphoma ant igens . 

Present eviden c e  based on six tumours indicat es that mal i gnant 

lymphomas of sheep share a c ommon tumour spe c i fi c  ant igen al though 

there is some evidence that this may not be t rue of the thym i c  form 

of tumour . 

Intradermal t ests employing similar tumour ��t igens do not result 

in any measurable reac t i on in she ep which are positive t o  the mac ro­

phage migrat ion inhibit ion test . 



CHAPI'ER '? 

IMMUNOSUPPRESS ION OF SHEEP \1/ITH PERSIS'l'ENT LYHPHOCYTOS I S  

INTRODUC'r iON 

The hypothesis that c anc er results from a breakdmm in the body ' s 

immunological survei llance mechanism was developed by Burnett ( 1 970)  

and postulat es that su ch a breakdown allows the proli ferat i on of  

abnormal c ells , with the eventual result of overt malignancy . The 

increasing use of po\>rerful immunosuppressi ve drugs has provided an 

opportunity for test ing the validity of this c oncept and there is  now 

c ons iderable evidence in the literature t o  sugsest that the use of these 

agents  can increase the inc idence or accelerate the development of 

neoplasia in treat ed sub jects . Invest igati ons into tumour development 

in laboratory anj_mals sub j ected to treatment \vi th various immunosuppres­

sive chemicals and ant ilymphocyt e sera ( ALS ) have been reported by 

several workers ( All ison and Law , 1 968 ; Casey , 1 968a ,  b ;  Hirsch and 

Murphy , '1968 ; Allison , 1970 ; Mellars , 1 971 ; Zipp and Kount z ,  1 971 ) .  

In humans undergoing immunosuppressive therapy for a variety of  

clinical and surgical c onditions the  observed frequency of tumours 

has al so been higher than e�pect e d .  This increase i n  frequency has been 

particularl y notable in regard t o  the ret iculoses . Penn and his 

colleagues ( Penn , Halgrimson and Starzl , 1 971 ; Schneck and Penn , 1 971 ) 

discovered 1 7  cases of reticulum c ell sarc oma and two cases of 

malignant lymphoma in a series of approximat ely 5 , 000 "t ransplant " 

pat ients who had been sub j ected to various immunosuppressive regimes . 

In all 17 cases aza t h i oprine was used anrt in five of these ALS was 

also employed .  

expec t ed level . 

This prevalenc e of  tumours is approximately twice tbe 

Walder , Robertson and Jeremy ( 1 971 ) found an i ncreased 
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frequency of skin tumours in Austral ian pat ients treated with 

azathioprine and prednisone following kidney tra.nsplantat ion. In 

these cases hyperkeratot ic changes WE;re observed in the skin which 

were most likely the reE>ult of high levels of solar irradiat ion.  

Walder et al . c onsidered the hyperkeratosis a preneoplast ic lesion 

which subse']_uently c oul d develop into overt neoplasia when pot entiated 

by the immunosuppressive therapy. The significance of the nuli1erous 

individual reports of neoplasia arising in small samples of pat ients 

treat ed with immunosuppressive agents such as those of  Doak et al . 

( 1 969) and McKhann ( 1 969) , cannot be stat ist ically confirmed. .  They 

do however lend general support to the larger series and the experi­

mental work on laboratory an imal s . 

The demonstrat ion of specific  cell mediat ed immunity in  our own 

sheep showing presumed preclinical maligno.nt lymphoma ( Chapter 6 )  led 

us to c onsider th e possible effects that suppression of the immune 

response of these animals may have . The poss ibility that this treatment 

c ould accelerate the development of overt n eoplasia was the foremost 

considerat ion , although it  was real i zed that the elimination of pre­

malignant clones of lymphocytes was also a possible sequel . Consequently , 

three sheep showing a marked �Dd persistent lymphocytosis as the result 

of malignant lJ�phoma transmissi on experiments (Chapter 3 ) were 

sub jected to  a c ourse of  treatment in which azathioprine and ALS 

were used in c ombinat ion. This part icular c ombinat i on of drugs was 

utilized because of previous reports such as those of Penn and his 

colleagues indicat ing that ove r t  neoplasia sometimes developed after 

their use . 
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V!ATERIALS AND MEI'HODS 

Animals 

The she�p chosen for this experiment were three which had shown 

persistently high levels of lymphocytes following e ither antenatal or 

neonatal inoc ulation with extracts of tumour material . They were No ' s  

401 , 41 3 and 432 ( see Cha1Jter 3 for de Lails of inoculation and 

lymphocyte com"lts ) . 

Immunosuppressive Agents and Treatment Regim� 

I .  Immunosuppressive Agents 

Azathioprine and the globulin fract ion of ant ilymphocyte serum 

( ALS ) 'I'Tere used . The preparat ion of IlLS by inj ection of £'oetal 

lamb thymocytes int o  a horse and its test ing in healthy sheep is 

described in Appendix VII . 

II . Treatment Regime 

Azathioprine was administered orally in daily doses of 1 00 mg per 

sheep for the first 25 days of treatment . For the following 50 

days , the daily dosage was reduced to 50 mg per sheep . This was 

equ ivalent to  approximately 1 and 2 mg per kg respectively . Treat­

ment with ALS was initiated at the same t ime as the azathioprine 

regime and coHt inued at three day int ervals for a t otal of 27 

days . Each ALS treatment consist ed of  the intraperitoneal 

inject ion of the ALS globulin derived from 1 00 ml of "raw" ALS . 

Throughou t the c ourse of immunosuppressive treatment all sheep 

were given normal therapeutic  do&es of penic illin and streptomyc in 

in order to  protect them from any intercurrent bacterial infections . 

Leucocyt e Counts 

Leucocyte counts were performed at intervals of three to five days 

throughout the per iod of i:nmunosuppressive therapy and at less frequeut 

int ervals thereaft er . 
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The met�ods were the same as those d etailed in Chapter 3. 

Skin Grafts 

Full thickness skin grafts \vere made on each sheep one month after 

the beginning of immunosuppressive treatment s to  t est the degree of 

suppression of allograft reject ion . The skin over the right paralumbar 

fossa was shaved 3.nd swabbed '"ith methylated spirits and t incture of 

benzalkonium chloride . This area was anaetheti?.ed with a subcutaneous 

inject ion of two per cent . lign ocaine solut ion using an "L" block 

t echnique . Within this area two separate pinch e;rafts of approximately 

one c ent imetre diamet er wer e  made . One was sutured back into its  

original place using 4/0 mor..ofilament nylon suture material v.ri th an 

attached atraumat ic  needle and the other was transferred t o  a s imila r  

site o n  one o f  the other animals . In its place was grafted skin from 

a different donor c As a result , each sheep had two skin gr·afts applied , 

one autograft and the other an allogeneic homograft from one of  the 

other sheep . Graft survival was judged by the appearanc e  of the 

graft ed skin.  �� part icular exami nat ion for evidence of necrosis , 

hardening and sloughing was made . 

Macrophage I�hibition Test 

N ine months after the cessat i on of immunosuppressive treatment the 

lymphocyte<> of the three treated animals were t ested. for MIF production 

in response to  tumour spec i fic �nt igens by the macrophage m i grat i on 

inhibition t est desc.;ribed. in Chapte:r· 6 .  'rhe tumour ant igens used in 

this t est were those previ ously designat ed 018 and OL9• 

Examinat ion� for Neoplasia 

The peripheral lymph nodes were examined by palpat ion at approx­

imately monthly int ervals . In addit ion. approximat ely one month follov:­

ing the final azathioprine treatment , exploratory laparotomies were 

performed on the sheep and abdominal or0ans were examined visually 
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and by po.lpat ion :t'or evidenc e of tumou:cs . The surgical approach was 

ma.de through the right paralumba.r fossa , ventral t o  the skin graft 

sites.  

RESULTS 

The Effect of Immunosuppressive A�nts on Leucocyt e  Numbers 

During the three days folJ owing the init ial treatment with immuno­

suppressive drugs there was a rapid and prec ipit ous drop , of the order 

of 65 per c ent . , in the numbers cf c irculat ing lymphocyt e s �  Thereafter 

the l evels o f  these cells  fluctuat ed slightly but remai�ed within the 

accepted normal range for sheep . At the t ime of wri t ing , nine months 

have elapsed since treatment was initiated..  The mean lymphocyte c ounts 

of these sheep are chown on Figure 7 . 1  

The Effect o f  Immunosuppressive Agents on Survival of Skin Grafts 

There was no evi dence of re ject ion c:.t u.ny t ime of  either homografts 

or aut ografts in any of the sheep. After three weeks the boundary 

behveen host a._11d graft skin c ould be determined only by the presence o f  

the "ring" of sutures.  All  grafts were stil l  intact after 10  months . 

Macrophage Migrat ion Inhibit ion Test 

The percentage inhibit ions and the summary of the stat i st i cal 

analyses of these are shown on Table 7. I. 'l1he degree of migration 

inhibition is less in all sheep when compared t o  the assays performed 

be fore the immunosupp::-essive treatments were start ed ( c ompare with 

Table 6 . I ) . This is most apparent in the case of sheep 401 in which 

the macrophage migrat ion in the presence of lymphocyt e  culture super­

natant fluids from cultures to which tumour extractf; had been added \-re re 

not significa.11tly different from the medi.m1 c ontrol . In the test  for 

MIF' product ion by lymphocytes from the other b1o sl:eep ho-vrever , a 

stat istically si�nificant inhibit ion of :-:1i Grat ion was st ill det ecta.ble 
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Resu l t s  and Stat ist ical Ana lys i s  of the Ir�ib i t i2n of Macrophage 

Migrat ion Produc�d b..Y...!umour Ant_if�"?;:_:l)t�!_l1ylat e d  LYJY!phoc_yt e 

Cul t:J.res Derived from Immunol'3uppressed Sh�ep • 

.Sheep No .  Percentage inhibit i on \vi t h  

c OL8 019 

401 0 25 25 

41 3 0 45 55 

432 0 53 48 

Sheep No . Significa.nc e  of results of 95 per c ent . 
confidence J evels with ant igens 

1+01 c 018 019 

4-1 3  c 018 019 

432 c 018 019 

Ant i gen underscored by the same l ine showed no significant differences 

( P ) 0 . 05) as assessed by the F test of Kramer ( 1 956) . 

C = Medium c ontrol 
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following the course of immunosuppressive trea.tment . 

Examination of Sheen for Overt Neopl as i a 

No diffuse or nodular enlargement v.ras detected in any of the 

palpable peripheral lymph nodes at any time up to nine months after 

cessation of  the immn nos11ppressive regime . No tumou:cous lesions were 

seen or palpaterl. in the liver, kidneys, spl<: err ,  lymph nodes or other 

abdominal viscera at exploratory loporotomy o:J.e month after cessation 

of the immur-osuppressive course. 

DISCUSSION 

The precipitous fall in c irculating lymphocytes in the animals 

treated with immunosuppressive agents was the most outstanding feature 

of these experiments. In view of the pi lot trials using ALS in sheep 

prior to th:i.s experiment ( Appendix VI I ) and reports in the literature 

of the effect of ALS in other species (Gray et al. ,  1 966 ; Taub �Dd 

Lance, 1 968 ; Denman and Frenkel, 1 968) this profound and prompt 

decrease was not unexpected. However , cessation of treatment is 

usually associ ated with the grad,Jal recovery of lymphocyte numbers to 

their pretreatment level ( Lance , Medawar a11d Taub, 1 973) althougb. 

follO\ving closely spaced ALS treatments the lymphopenia may be persist­

ent and take considerably longer than the three to four weeks usually 

required for recovery after single doses of ALS . In the present 

experiment the lymphocy t e  levels were reduced from abnormal to normal 

ranges and these have rema ined normal for at le?..st nine months from the 

start of treatmen t . It is generally assumed that ALS selectively 

removes thymus dependent cells ( Lance et a:);_. ,  1 973) aDd it might 

therefore be concluded that tJ:e c ells responsi ble for the lymphocytosis 

are, in fact , thymus dependent celJ s (T-cells ) . However, the effect 

mo.y have bcm" c onfuse d by the ac t ion o f  a zath i oprine which suppresses 

),., �+., 1-n • m,.-,,,., 1 ( 1:J.- N • l -i denenden t )  as w'=ll as c ell mediatetl (T··cel.:. 
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dependent ) compartments  of the immune system . No overt tumours 

developed in a�y of the sheep . This may � ave been due to  insuffic ient 

lapse of t ime and this explanat ion has some support from the parallel 

situa.t ion of delayed tumour development in man subsequent to  immuno­

suppressive therapy ( Doll and Kinlen , 1 970 ; \-lalder et al . , 1 971 ) .  

Alternat ively it is possible that the aetiological agent of malignant 

lymphoma is closely &.nd exclusi vely assoc iat ed \vi t h  the lymphocytes 

responsible for the lymphocytosis . Their destruct ion by the immuno­

suppressiv e agen ts might therefore result in the removal of aJ.l or 

most of the malignant lymphoma agent from the sheep . This explanat ion 

seems very unlikely . In mice and cats for example ,  malignant lymphoma 

viruses have been shoW-� to be present in a variety of cells including 

macrophages and megakar;yocytes ( Gross , 1 970 ; Jarrett , 1 966) , and in 

the chicken the viru s of Marek ' s disease can be found in feather 

follj cles in the pretumourous stage of the disease (Wit ter et al . ,  

1 970 ) .  

The retent ion of the homogra fts for over n ine months indicat es 

that the treatment regime was highly successful in the suppression of 

cell  mediated immunity as it is usually assessed. In spite of this , 

the macrophage migrat io� inhibit ion tests indicate  that there is still 

a degree of pr-esumed tumour spec ific immun:i.ty in two of the three 

trea.t ed animals . This may provide some explane.t ion for the failure , at 

this stage , of the experiment to enhance tumour development . On 

balanc e the most sat isfac t ory explanat ion for the absenc e of signs 

of overt mal ignant lymphoma appears to be the t ime fac t or , and it  would 

be premature to rule out the subsequent appearance of tumours consequ ent 

to the experimental immunol ogical suppression . 
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CONCLUSIONS 

Combined  treatment with azath i oprine and the gamma globulin of ant i­

lymphocytic serum of shcc:p with induced lymphocytosis causes a return 

from high to nor:nal numbers of c irculat ing lymphocytes . The treatment 

also results in t otal supyression of re j ect ion of allogeneic homografts 

for at least nine months . From the limited data available it seems 

that tumour-specific cell mediat ed immun ity  may also be significantly 

suppressed in some bu t not all sheep. It appears that the e:J_apse of 

nine months is insuffic ient time for overt tumour development to follov1 

immunosuppressive treatment . 



CHAPrER 8 

GENERAL DISCUSSION 

Models for experimental tumour research have been provided to a 

large extent in the past by conventional laboratory animal spec ies 

such as the mouse . It should , however , be pointed out that the 

parallel tumours of outbred domest ic animals may mirror the ir human 

counterparts more accurat ely . Experimental data derived from tumour 

models of convent ional laboratory animals mus t  be viewed in the 

context engendered by intensive inbreeding and strain development . 

The posit ion arising from such man ipulat ion , with its resultant genetic  

homogene ity and definition , can in c ertain experimental situat i ons be 

of great advantage . However , the knowledge gleaned from such cancer 

research is often difficult to extrapolate to  the field of human canc er . 

It is  in this respect that outbred animal models  offer much promise . 

The New Zealand environment in which sheep are farmed intensively 

provides an ideal situat ion for such comparat ive studies . Beside 

forming a large reservoir of animals in a c omparat ively natural 

environment , sheep may be relat ively easily maintained under laboratory 

condit ions for var:.able Jengths of t ime , are of convenient size in 

comparison to other d omest i cated animals such as the c ow and are 

relat ively inexpensive to purchase and maintain.  

The study of mal ignant lymphoma in sheep appeared t o  offer c onsider­

able  advantc..ges as an e::-:periP'lental model for cancer research . Evidence 

is mount ing to show that c ertain lymphoid tumours in both animals and 

man may be related  to j nfec tions with certain viruses . At the same 

t ime immunological fac t ors assoc iated  with the development and progress 

of neoplasia have rece ived increasing attent ion . The ovine model 
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offered a prac tical opportunity t o  study these two aspects in relat ion 

to one another in standard farm animalu that were maintained in a c on­

vent ional rural environment . 

The pathological studies incorporated within this thesis were not 

int ended to be exhaust ive in nahcre . They do , however , c onfirm that 

malignant lymphoma of sheep as it oc curs in th is c ountry , shows the 

basic morphological features reported by other workers studying mal ignant 

lymphoma in sheep overseas . In nearly aJ.l cases which were investigat ed , 

generali zed J ymphadenopathy was the outstanding feature . Other c ommonly 

involved t issues were spleen , liver , kidney , bone marrow , heart and 

intest ine s .  Striking parallels were noted between the gross features 

of mal ignant lymphoma of sheep and those of mal ignant lymphoma in other 

species , in part icular cattle . However , insuffic ient cases of ovine 

mal ignant lymphoma were available to allow any c orrelat ion of anatomical 

forms of the disease with epidemiological data as proposed by Anderson 

et a l . ( 1 969) . Ne ither was it possible to determine whether or not the 

disease exists in this country in an enzoot ic form such as has been 

described in cattle and sheep in c ertain parts of Europe . The occurrence 

of two cases from each of two propert ies in this l i mited study may be 

indicat ive of clustering of cases similar to that report ed in regard t o  

malignant lymp!wma i n  some bovine and feline populat ions . 

Lymphosarcoma was the main type of malignant lymphoma. rec orded , 

although three cases of ret i culum cell sarc oma were also seen . The 

former were most c ommonly c ompoGed of lymphoid c ells showing poor 

different iat ion and a variety of non-spec ific ultrastructural alterat­

ions which have been report ed with some frequency in many other types of 

neoplasm. Particles consistent with viral morphology c ould not be 

c onv inc ingly demonstrat ed in freshly fixed tumour material but it is 

acknowledge that the chanc es of demonstrat ing virus in this way are 

poor . 
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With the exc ept ion of the work performed by Paulsen and his 

colleagues ( Chapter 2 ,  3 and 5)  invest igat ion into malignant lymphoma 

of sheep has been restricted t o  somewhat superfic ial epi demiological 

and pathological studies derived lar·gely from sheep examined in 

slaughter-houses or at diagnost ic stat ions . Therefore , the bulk of  

our work has been c oncentrated on  other experi mental approaches t o  

this problem. VJ e  have explored the hypothesis that this disease o f  

sheep is t ransmissible , and i s  caused b y  an oncogeni c  virus . Conse­

quently the experiment s have been designed around a flock of sheep 

which were inoculated in utero or at birth with various ovine c ell-free 

tumour extracts derived from spontaneously oc curring mal i gnant lymphomas . 

Perhaps the greatest personal disappo intment in this pro ject  was the 

failure to c onclusively demonstrate by the produc t ion of overt tumours 

that malignant lymphoma is transmissible . However the development of 

persist ent lymphocytosis in a high proport ion of these sheep as a result 

of this treatment was exc it ing , as this could indicate a precl inical 

phase of the dicease . This hypothesis is just ified on several grounds . 

In the spontaneously occurring form of the disease in both sheep and 

cattle , persist ent lymphocytosis is frequently reported as a preclinical 

phase of the disease . It  has also been shown to occur in experimentally 

induced cases of the disease in cattle .  In  sheep , lymphocyt osis has 

been observed pri or to development of overt neoplasia in animals 

inoculated with tissue culture mat erial c ontaining bovine "C-type" 

virus pcu:ticles . In the experiments report ed here futher support for 

this c onclusion is afforded by : -

(a)  The demonstrat ion of a strong c orrelat ion between ��imals showing 

lymphocytosis , and those with lymphocytes sensitized to apparently 

tumour spec ific ant igens as demonstrat ed by macrophage migration 

inhibit ion tests , and 

( b )  The pre senc e of virus-l ike particles in l ymphocytes st imulated by 
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the absence of such virus-l ike part icles in similar preparat ions 

from normal sheep . These virus-like particles also have a 

morph ol ogy similar to "A-type " particles in mice and those 

demonstrat ed by Paulsen et al. ( 1 972 ) in lymphocytes  of sheep with 

overt malignant lymphoma . 

Although no overt tumours have as yet developed in these sheep , i t  

should b e  noted that these sheep have not yet attained the age a t  which 

spontaneous cases of malignant lymphoma commonly occur • Furthermore , 

in the virally induced malignant lymphoma of chickens , mice and cats , 

infect ion by the virus in c1inically normal animals has been shown t o  

be c ommon while the development of neoplasia is a c omparat ively rare 

event . Whereas the original hypothesis "that mal igna11t lymphoma of 

sheep is  a tra>'1smissible disease" has not yet been fully proved , the 

results obtained are st ill of c onsiderable importance . Our current 

hYJJothesis is that the persistent lymphocytosis in sheep inoculated 

with malignant lymphoma extracts is a precancerous state ru�d as it can be 

readily monitored haemato:Logically and immunolcgically it provides an 

ideal model for the study of preneoplastic events in general . 

The fact that the observed lymphocytosis  apparently followed 

inoculat ion with c ell-free tumour extract s  suggests strongly that the 

aetiological factor is infect i cus  and, in the light of  evidenc e from 

other models of ma.lignant lymphoma in chickens , mice and cats , that it  

is a viru s .  The search for direct virus involvement in spontaneously 

occurring malignant lymphoma in sheep has bee� pursued without success 

by attempts to visualize i t  j n  fresh tur.1our t issues and in cultured lamb 

k i dney c ells which were inoculated with tumour material . The possible 

reasons for the failure of these approaches were c onsidered in Chapters 

2 and 4 . It was not unt il cultured phytohaemagglutinin-stimulated 

lymphocytes of expe r i ment ally inoculated sheep were examined ( Chapter 

5)  that vir .. 1s-l ike par L i c les c ou ld be read i l y  a:::1d regularly demonstrat ed 
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ant igenic specific it ies betwee� t h e  var i ous mal ignan t  lymphoma extracts  

used i n  the  macrophage migration inhibit ion tests  adds weight t o  our hypo­

thesis that this disease is of viral aet iology .  

The immunol ogy o f  neopJ asia i s  today onE: o f  the most rapi dly 

developing areas of cancer research . Not only is the knowledge of  the 

basic mecl::.anis:tJs involved in cancer im:nunity expanding at a great rat e 

but already prophylac t i c vaccinat i on agfd nst two spontaneously occurring 

neoplast ic diseases , fi bromatosis of cat t l e  and Marek ' s  disease of 

chickens , is a practical r0al ity. The de velopment of these vac c ine s 

represen ts a c ons i d erab l e  advance and it is rea sonable t o  suppose that 

experience and knmvledge derived fr0m their appl ication may benefit 

human cancer therapy and prophylaxis in the future . In its simplest 

form , immune responses to various hmour ant igens may be at tributable 

to both humoral and cell mediated di visions of the body ' s immunological 

system . Because the latter appears to be the more important in tumour 

immunity we were part icularli impressed by the demonstrat ion of a 

spec ific cell mediated react ion toward various tumour anti gens in our 

experiment ally inoculat e d  she ep ( Chapt er 6 ) . In mar,y ways the demon­

strat ion of MIF product ion by the sensit i zed lymphocyt es raises more 

quest i ons than it answers .  rirstly , w e  have n o  prec ise i dea o f  the 

nature of the ant i gen involved in this react ion .  I t  certainly appears 

t o  be common , at l east to five of the six tumours tested and c onsidered 

against the inactivity of control t issues is therefore probably a tumour 

specific ant igen . The negat ive results recorded in the in v i t ro si tuat ion 

raises quest ion� �s t o  its R i gn i ficPnce in the pretumourou s etate . For 

development of tumours , does this state of immunity need to be suppressed , 

or in other words is this c::.n effec t ive form of tumour immuni ty? The 

immunosuppression experiments described i� Chapt 8r 7 were at tempts to 

clarify this posit ion . Unfortunat ely in terms of  tumour devel opment 

they have to date been i nc onclusive . Perhaps t .ime is the important 
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factor here . The ide�tity of the cells responsible for the lympho­

cyt os is is also  in qu e st i on . I f  the�e are potent ially mal ignant and 

if they are T-cells a s  suggested by the effect of the treatment regime , 

then perhaps this is a pretumourous phase of  that situat ion recorded by 

Catovsky et 0:.�. ( 1 971+ ) in  c ertain human lymphoblast ic leukaemias in 

which the malignant lymphoblast i c  cells were shovm to  exhibit the 

characteristics of T-c ells . 

Despite these unc ertaint ies , an attempt must be made t o  assess the 

pract ical significance of the work rec orded in this thesis . From 

stric t ly veter inary aspects the present evidence indicates  that 

malignant lym:;Jhoma in sheF?p is of l i t t l e  immediate economic importance 

in New Zea1and . However , as a cause of stock losses in certain other 

countries this di sease is of great er consequence and environmental or 

other changes may induc e a similar situat ion here . It is now realized 

that at l eaRt j n  Germ�ny and France , maJ ignant lymphoma of  sheep exists 

in an en zoot ic form ( Chapt er 1 ) .  It is reasonable _ t o  suggest that if  

not c ontrolled it  c ould reach the epi zoot ic proportions o f  maligna.."lt 

lymphoma in cat t l e  seen in parts of  Europe . For this reason it  is  

important that the ovine disease is recognized and controlled 

here in New Zealand . This could entail appropriat e quarant ine regula­

t i ons perha ps ut i l i zing haematological or imm�nological t ests on 

imported sheep suspected  of this d isease , as well as the examinat ion of 

locally rec orded case G .  

Any d i s ea.se o c c urring i n  food ani111alo lf lust ;-;,e considered i n  the 

light o f  its publ ic health importance . If , as seems reasonable ,  \ve 

assume that malignant lytn}Jhoma o f  sheep is  c aused by a viru s ,  two 

quest ions irri�nedia t e l y  c:r i.ae . Ccm j t infect ma!l and i f  so , what e ffec t s  

might such ilJ fec t i on have'? It has been demonstrat ed , that o.s a group , 

the onc orna viruses cansing mal ignant lymphoma j n  the various animal 
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species are closely related . Cross rea�t ivitj has been shown in 

immunological tests between oncorna · viruses of cats and laboratory 

rodents ( Gee�ine et aJ . ,  1 968) . This is also true for the bovine and 

ovine viruses tested ( Paulsen , pers . comm) . Cross spec ies transmiss­

ibil ity has been shown with the Rous sarc oma virus of the chicken 

( reviewed by Gross , 1 970) , Mcloncy and Gross v i ruses of the mouse 

( reviev:ed by Gross , 1 970) , feline sarc oma viruses (The ilen .et al . ,  

1 970 ; The ilen , ·1 971 ) and bovine lymphoma virus ( Olson et a l . , 1 972 ) . 

Furthermore ,  the feline l ymphoma v iruses have been reported to  

repl icate  readily in  cultured human , canine and porc ine cells ( Jarrett 

Laird a nd Hay , 1 970 ) . At this stage it would therefore seem imprudent 

to ent irely discoun t the possibil ity  of oncorna viruses from animals 

infect ing man and perhaps even causing human tumours . Essex ( 1 972) 

c onsi dered this possibil ity and suggested that under c onditions of 

temporary immunological suppression , such as observed in many of  the 

childhood viral diseases , that such infect ion with feline oncorna virus 

was \vorthy of considerat ion .  This  probability has not however l::een 

substant iat ed by epidemioloeical studies conducted in househol ds from 

which cases of fel ine malignant lymphoma have been recorded ( Darn et al . , 

1 968 ) but it cannot be completely discounted . 

If  these viruses are potent ia lly pathogenic to  man , then i t  is  of 

importance to  l imit their spread from the animal reservoir . It is well 

r<::cognized in the chicken , 1aboratory rodent and cat that infect ion by 

the vi ruses is w i d e spr ead in clinically normal animals ( Chapt er 1 ) .  

While the lfhj6 C :Ln1po1· La..nt me t hod of .:;pread in the mouse has been shown to  

be b y  "vert ical" transmission o f  the vi r11s , "hori zontal1 1  infection has 

been demonstrated. for the cat and chicken . 'l'he hand] ing by r�umans of 

infected animals of t he latter species could th erefore c onst itute a 

health r isk . As the rout e of virus transmission is unlmown for the 

other domest icated animal Epec ies , the risk involved in regard to sheep 
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on the transmi ssj b ility of the putat ive malignant lymphoma o gent . In 

spit e  of the close assoc iat ion of contact cont rol sheep with those 

that had developed lymphocytos is afte� r::ce iving injection of c ell­

free tumour material , none of the c ontact control sheep developed 

either lymphocytosis or evidence of c ell mediat ed immuni ty to spec i fi c  

tumour ant igen . It there fore appears that natural transmission , even 

to the same spec ies , is not easily achieved in a hori zontal manner 

under natural field conditions . Vert ical transmission from ewe t o  

Jamb appears to b e  the most likely natural route of transmissi on . 

\ffiether this i s  transplacental or via milk clearly requires further 

invest igat ion. 

Finally this projec t has seen the development of a potent ially 

useful model for c omparative research i� ne oplasia . Perhaps its  most 

valuable c ontr ibut ion is in the provision of a transmissible presumed 

precanc erous stat e . To realize this potent ial c onsiderable  work will 

be involved . o�e of the most pressing ob ject ives must be the i solat i on 

and charac terizat i on of the virus-like part icles already seen in 

lymphocyt e cultures . Once this is  achieved there is  a. wide field of 

research then open . Possible pro j ects inclu de the following : -

(a ) Compa:i.�ison of the isolates with other known onc oge�i c viruses . 

( b ) Determinat i on of the distribut i on of the virus within sheep 

populat ions at r isk using immunological t echniques . 

( c )  Establishment of cont inuous cell culture l ines which will support 

and o.llovr replicat ion of vi ;:us in suffic ient qu<lnti ty for further 

i mmunological studies and c l oser invest igat ion of virus-cell 

relat i onships . 

It would also s e e m  appropriat e even at this early stage , to invest igat e 

lymphocyt es from humans a.'lct other animo.ls with and without reticuloses 
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to see i f  they show the release of MIF 'Hhen exposed to sheep tumour 

ant i gen . 

Clearly the ext ension of thi s work t o  pro jects such as those 

suggested above is a large step , but it is nevertheless a logical one 

and c onsist ent with the major goal of cancer res�arch , na�eJ y  the 

understanding and prevent ion of the canc erous state in man . 
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APPENDIX I 

Reagents and Procedures Used in Preparation of 

T i s s u e s  for Electron Microscopy 

Fixat ion :  

Modified Knrn o-vsky' s Fixat i ve 

Formaldehyde 2 ml 

Glutaral dehyde 3 ml 

Na2HP04 . 1 2H20 2 . 51 g  

KH2Po4 o . 41 g 

H20 95 ml 

Dissolve Na2HP04 . 1 2H2o and KH2Po4 in water to  make 0 .1 M  phosphat e 

buffer , then add formaldehyde and glutaraldehyde • . Store at 4
°

C .  

Cut t issue for fixat ion into cubes of app:roximately 1mrn3
, add 

adequate f ixat i ve and allow the spec imen to fix for at least four 

hours at 4
°

C .  

\vash in chilled 0 . 1 11-1 phosphate buffer for 30 min . · and then post-

fix in 1 per c ent . Oso4 in 0 . 1M phosphate buffer for two t o  four 

hours a t  4
°

C .  

After post-fixation wash in chilled 0 . 1 M  phosphate buffer for 30 min 

and then briefly in dist illed wat er at 4
°

C .  

p_ehydrat j.on : 

Dehydrabor· o f  fixed t issues is carriE:d out in a graded alcohol/ 

propylene oxide series as follows : 
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25% ethanol/E2o 1 5  m in ) 
) 

500;6 e thanol/H..., 0 1 5  m in ) 
L ) at lJ °C 

75% ethanol/H2o + 1% Uranyl acetate 0 . 5 to  24 hr ) 
) 

95% ethanol/H2o 30 rnin ) 

1 0CY;6 ethanol 30 m in ) 
) 

1 0CJY;6 ethanol 30 m in ) at room ) 
5CY;6 ethanol/propylene oxide 1 5  m in ) temperature 

) 
1 0CY;6 propylene oxide 1 5  m in ) 

Infiltration and Embedding v1i th Resin : ( 1 ) 
Dehydrated t i ssue spec imens are place d  in 25 per c ent . resin with 

propylene oxide ru1d l e ft overnight at room t emperature . The propylene 

oxide is gradually evaporated and remaining resin is discarded at the 

end of this t ime and replaced with fresh 1 00 per cent . resin in a 

gelatin capsule . 

Polymerizat ion of the resin is effected by h eat i ng at 60°C for 

36 hr . 

( 1 ) Durcupan-1\CM , :F'l'.lka , Swit zerland . 



APPENDIX I I  

Proposed Patho--Anatomical Classifi0ation of 

the Malignant LymphoJTlaS of An imals 

Following are the definitions of terms used in the proposed 

classificat ion o f  Anderson , Jarrett and Crighton ( 1 969) : 

" M  - . 
1 ultlcentrlc lymphosarcoma : disseminated lymphosarcoma in which 

bilateral enlargements of superficial lymph nodes and variable 

infiltrat ion of other organs are usual . The organs most commonly 

involved are the l i-v-er , spleen , kidneys , lungs , myocardium , gastro-

intestinal tract and bone marrow. 

Thymic lymphosarcoma : l;ymphosarcoma which appears to  start or grow 

most rapidly in the thymus . The thymus may be the only obviously 

affected site , or the condition may be disseminated with lymph node 

involvement and infiltrat ion of other organs . The major l esion is 

alway:=; in the thymus , which becomes totally replaced by the neoplasm . 

Alimentary lymphosarcoma : lymphosarcoma in which the major lesions 

occur in the ga s tro-inte s tinal tract and me sent eri c  lymph node s . 

One of these sites may be affected , though usually both are involved .  

The superfic ial lymph nodes are not affected and splenomegaly i s  

unusual . The l iver i s  infiltrated i n  50% of cases , but other organs 

are only ru.rely involved . 

The skin form : disseminated lymphosarcoma in which infiltrat i on of the 

skin and subcutaneous t issue produces nodular thickening and loss of 

hair. There is usually an assoc iated nml. ticentric cor.1plex . 
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Leukemia : absolute lymphocyt e c ount greater thEm 30 , 000/mm3 with or 

without c irculat i!lg lymphoblast s ,  or a count of  less than 30 , 000/mm3 

with an abnormally high proport ion of on e c ell type . 11 



.APPENDIX III 

The Preparat ion of Reagents and Hedia for Use in 

T issue Culture Experiments 

1 .  Water ( Hc2) 
Water for use in solutions is  deionised and passed through a 

bacteriological filter.  

2.  Sterilizat ion 

Solut ions are st erili zed by autoclaving for 1 5  minutes at a 
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pressure of 1 5  lbs per square inch , or by passing through milli-

pore f ilters of 221J. pore diameter . 

3 .  Hank ' s Bal anced Salt SolutioE ( HBSS ) 
Materials 

ea c12 
H20 

Glucose 

NaCl 

KCl 

MgSO�. · 7H20 

KH PO 
2 

4 

N a...,HIJO 4 •  2H..., 0 
.:: .:: 

Phenol red 

H 0 2 

Met had 

1 . 1+ g ) 
) Solut ion 1 

200 ml ) 

1 5  g ) 
) 

80 g ) 
) 

4 g ) 
) 

2 g ) 
) Solut ion 2 

0 . 6  g ) 
) 

0 . 6  g ) 
) 

0 . 2  g ) 
) 

300 rnl ' I 

( i ) !'-lix solut ions 1 nnd 2 separately . 

( ii )  Comb-in e solut ion 1 and 2 .  

( iii ) Add 2 ml of  shloroform. 



( iv)  Dispense in 1 00 ml screw-top bottles and store at 4
°
C .  
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( v )  This solut ion is 1 0  t imes concentrated and is diluted before 

use . 

To use 

( i ) Add nine parts of vJater to one par t of c oncentrated soluti on .  

( ii )  Dispense i n  1 00 ml screw- t op bot t les and autoclave . 

( ii i )  Immediately before u se add 0 . 2 ml o f  antibiot ic  solut i on ( se e  

below) and adjust pH t o  desired level b y  addit i on of either 

O . Ht HCl or 7 . 5  per cent . NaHC04 • 
./ 

4 .  Phosphate Buffered Saline ( PBS) 

Materials 

NaCl 8 . 0  g 

KC1 0 . 2  g 

Na2HPo4 . 2H2o 1 . 1 5  g 

Tcr no I l2.I: 4 0 . 2  g 

Phenol red 0 . 2  g 

H
2

0 800 ml 

CaC1
2 

0 . 1  g 

H20 1 00 ml 

MgC12 . 6H20 0 .  'I g 

H 0 2 1 00 ml 

Method 

) 
) 
) 
) 
) 
) Solution 1 
) 
) 
) 
) 
) 

) 
) Solut ion 2 
) 

) 
) Solut ion 3 
) 

( i ) Mix solut ions 1 ,  2 and 3 separately. 

( i i ) Sterilize each by autoclaving. 

( ii i )  When cool mix and. dispense i n  1 00 ml screw-top bottles . 

( iv )  Store at 4°C . 



For Use 

( i )  Add 0 . 2  r:1l a:1t i b i o t i c  solub on pE-:r 1 00 ml solution.  
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( ii )  Adjust pll to desired level by addit i on of either 0 . 1 M HCl 0� 

7 . 5  per ceut . NaHco3 • 

5 .  Calc ium and Magnesium Fr� Phospha te Buffered Sal ine 

Materials 

NaCl 8 g 

KCl 0 . 2 g 

Na2HP04 0 . 1 5  g 

KR2Po4 0 . 2  g 

H2o 1 000 ml 

Method 

( i ) Dissolve reagents in water and dispense in 100 ml screw-top 

bottles . 

( i i ) Steril ize by aut oc laving . 

( i i i ) Sto�e at 4
°

C . 

For Use 

( i ) Add 0 . 2 ml antibiot ic solution per � 00 ml solu t i on . 

( ii ) Adjust pH to desired level by addit i on of either 0 . 1 M HCl or 

7 . 5 per cent . NaHco3 • 

6 e  Trypsin S�lu�io� ( 0 . 25 per cent . )  

Materia.ls 

Trypsin( 1 )  ( 1 : 250 ) 1 g 

PBS ( Calc ium and magnesium free )  400 ml 

Method 

( i ) Dissolve trypsin in PBS . 

( i i )  Sterilize by filt rat i on .  

( 1 )  Dif c o , Detroit , Mi chigan , U . S . A .  



( ii i )  Dispense in 1 00 ml screw-top bot t l es . 

( iv)  Store at -20°C . 

7 .  Trypsin ru1d Vcrsene Solution 

Materials 

Trypsin ( 1 : 250 ) 2 . 5  g 

NaEDTA 0 . 2  g 

NaCl 8 g 

KCl 0 . 2 g 

K..B2Po4 0 . 2  g 

Na2HPo4_ 1 . 1 5  g 

NaOH 0 . 06'( g 

H20 1 000 ml 

Method 

( i )  Combine reagents .  

( ii )  Sterilize by filtrat ion .  

( ii i )  Dispense i n  20 ml screw-top bottles . 

( iv )  StoTe a t  -20°C unt il use . 

8 .  Trypan Blue 

Mat er ials 

Trypan blue 

PBS 

Het hod 

0 . 1 g 

1 00 ml 

( i ) Dissolve trypan blue in PBS . 

( ii )  Store at 4°C .  
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9 .  Growth Med ium ( for foetal la:nb kidney cultures ) 

Materials 

Lac t a l bumj n hydrolysat e 

HBSS 900 lill 

Yeast extract 1 .0 g 

Bovine serum ( f ilt ered) 1 00 ml 

r�ethod 

( i) Dissolve the lact,:1.1bumin hydrolysate and yeast extract in 

( ii )  

( i h ) 

( iv )  

HBSS . 

Dispense solution in 40 m1 aliquots in 1 00 ml bottles . 

Steril i ze by autoclaving . 

0 
Store at L:- C .  

For Use 
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( i ) To each 90 ml of solution add 1 0  ml bovine seru m  and 0 . 2  ml 

antibiotic solut i on . 

( ii )  

( i i i )  

Adjust pH using 0 . 1 M  HCl o r  7 . 5 per c ent . NaHC0
3

" 

Warm to 37°C before addi::1g to  cultures . 

1 0 .  Growth �1edium ( for lymphocyte cultures) 

Mat erial s 

Eagles minimal essential medium( 2 ) ( HU1) 

H2o 

Foetal calf serum( 3 ) 

Methods 

( i ) Dissolve H:&"1 in H2o . 

( ii ) Add foetal calf serum . 

( 2 )  Wel1come Lt d . , Ot ahuhu , N . Z. 

( 3) Flow Laboratories , Irvine , Scotland. 

1 0  g 

800 ml 

1 50  ml 



( ii i )  St eril i ze by fil trat ion .  

( iv) Dispense in ·1 00 ml scre-v1-t op bottles . 

( v) Store at 4°C .  

To Use 

( i) Add 0 . 2  ml antibiotic solution per 1 00 ml media .  

( ii )  Adjust pH with 0 . 1 M  HC1 or 7 . 5  per cent . NaHC03 " 

1 1 .  Antibiot ic  Solution 

Materials 

B 1 . . 11 .  ( 4 )  enzy p en l C  l .  l n  1 0
6 IU 

Dihydro�streptomyc in( 4 ) 1 g 

20 ml 

Method 

( i ) Dissolve penicillin in 1 0  ml H�O. 

( i i )  

( i :i i )  

( iv)  

( V) 

'-

Dissolve streptomyc in in 1 0  ml H20 .  

Combine both solut ions . 

Dispense in 5 ml bottles.  

0 Store at -20 C .  

To Use 

· ( i ) Add 0 . 2  ml of solut ion in 1 00 rnl of fluid to  give a fina.l 

ant ibiotic concentrat ion of �1 00 Iu penicillin and 1 00 !lg 

streptomyc in per mi l l i l i tre . 

(4)  Glaxo , Palmerston North , N . Z . Ltdn  
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APPENDIX IV 
24 2  

Ident ificat ion of  sheep i n  experimental flock \vi t h  designation 
of tumour inocula , t ime of inocula t ion and · cause of death i n  
iudividual _ animals u p  t o  O c t ober 1 974 . 

·----· 

Lamb N o  Inoculum 'f ime of Inoculat i on 
------

401 OL1 68 days of gestat ion 
402 011 Neonatal 

403 OL2 N eonatal 

404 OL1 54· days of gestat i on 

L�05 OL2 53 days of gestat ion 

406 OL2 Neonatal 

407 012 Neonatal 

408 011 53 days of P' estat ion 0 

409 Neonatal 

410 012 Neonatal 

41 1 OIJ2 N e ona.tal 

LJ·1 2 011 57 days of g estat ion 

41 3 OL1 56 days of g esta t ion 

414 012 �5 days of g estat ion 

41 5 OL2 45 days of gestat ion 

41 6 OL2 Neonatal 

41 7 012 Neonatal 

41 8 012 L�5 dayn of g entat ion 

41 9 011 55 days of gestat ion 

420 011 Neonatal 

421 OL1 Neonatal 

422 OI.2 Neonatal 

42.3 012 52 days of  gestat ion 

424 Normal Y' c:. days o f  gestat ion 
i·ymph 
n ode 

Fate of Lamb 

Alive 

Alive 

Alive 

Death from Haemonchosis 
1 2/3/72 

Alive 
Lost before July,  1 972 , 

cause unknown 

Alive 

Death from n eonatal 
starvat ion and 
exposure 

Death from sinusitis 
and e ncephalitis 
following dog bite 

Alive 

Alive 

Death from p neumonia 
1 0/1 1 /71 

Al ive 
Alive 

Alive 

Alive 

Al ive 

Death from neonatal 
starvat ion and 
exposure 

Lost before July 1 972 � 
cause unknovm 

Alive 

A l ive 

Lost before August , 1 972 
cause unknown 

Died with sept icaemia 
1 0/1 0/71 

Alive 

Cont inued. 



Appendix IV cont inued 

Lamb No Inoculum Time of Inoculat ion 

425 OL1 
L�26 OL1 
427 OL1 

428 OL1 

N E::onatal 

Neonatal 

Neonatal 

Neonatal 

429 OL2 

430 OL2 

4 1  days of gestat ion 

50 days of gestat ion 

4-31 

432 

433 

438 

439 

440 

441 

443 

44-4 

72 

73 

1 1 3 

1 1 4  

11 5 

1 1 6  

1 1 7  

11 8 
1 1 9  
120 

50 days gestation 

Neonatal OL1 

OL1 

OL1 
OL1 

OL2 

OL3 

50 days of gestat ion 

Neonatal 

Neonatal 

Neonatal 

Neonatal 

OL3 Neonatal 

OL3 Neonatal 

OL3 Neonatal 

OL3 Neonatal 

OL3 Neonatal 

OL3 Neonatal 

Control Not inoculated 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

" 

" 

" 

" 

" 

" 

1 1  

" 

" 

" 

" 

" 

" 

" 

" 

" 

11 

" 

. .  -

Fate of Lamb 

Alj ve 

Alive 

Alive 

Alive 

Alive 

213 

Death from n eonatal 
exposure and starvation 

Lost before August 1 972 , 
cause unknown 

Alive 

Alive 

Alive 

Alive 

Alive 

Death from neonatal 
exposure and starvation 
5/9/71 

Alive 

Death from chronic 
:fac ial ec zema 

Alive 

Alive 

Lost between March and 
September 1 972 , cause 
unknovm 

Alive 

Alive 

Alive 

Alive 

Alive 

Lost between April and 
September 1 973 , cause 
t.:.nknown 

Alive 

Alive 

Al ive 

Alive 

Death from facial e czema 
Harch 1 973 

Cont inued 
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Appendix IV continued 

Lamb No Inoculum Time of Inoculat ion Fat e of Lamb 

1 21 · C ontrol Not inocula ted Alive 

1 22 Control 1\ If Alive 

'1 23 Control " If Lost bebvecn Dec ember 1 972 
and April 1 973 , cause 
unknown 

1 24 Control l J  If  Alive 

1 25 Control " If Alive 
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APPENDIX V 

Mult iple Range Test for Group means with Unequal 

Repl icat ion ( Kramer , 1 956 ) 

Method 

The means ( x) of groups A • • • • •  D are ranked in order and replicat ions 

( n )  in each are tabulat ed : 

Groups A B c D 

X 

n 

The degrees of freedom (n2 ) of the error mean square and the standard 

deviat ion ( SD) are obtained from the analysis of variance of means . 

The appropriate significant student i zed ranges ( Zp , n2 ) for a five per 

cent� Duncan multiple range test ( Duncan , 1 965 ) were listed and the 

significance range factors ( R ' p  = SD . Zp , n2 ) calculated . 

2 3 
Zp , n2 ( 2 )  ( 3) 

R ' p  

4 
( 4 )  

R ' p  c 

( 5 )  

R '  Pn 

Then in order for the differences between two means ( eg. xA and �) 
to te significant at p < 0 . 05 . 

e x  A �) 
must exceed R ' pB 

Duncan , D .  B .  ( 1 95 5 )  Mul tiple range and mul tiple F tes ts . 
.1.1: 1 -42 . 

Biome trics , 



APPENDIX VI 

Cotton ivool Columns for Separat ion. of lymphocytes 

from whole b l o o d  of sh eep 

l"lat erials : 

One 15  x 1 25mm Glass Test tube
( 1 ) 

One 5 inch Pa s teur pipe t te 

Absorbent c o t t on wo ol 

One 1 0ml plast i c  disposabl e  syringe 1.t i t h  '1 8g (BSi-1 ) needle 

21 6 

One inch length of surgi ca.l rubber tub ing of 5 mi llime tre internal diame ter 

Assembly o f  C olumns 

( i )  The cotton wool is washed i n  two per cent . detergent
( 2 )  

soluti on and 

rinsed overni e;ht in tap water . 

( i i )  A fter c o t t on wool is dry it is packed in the t est tube surrounding 

the past eur pipett e as shown in Figure VI . 1 .  
( i ii )  The c oJ.um.n is sterilized by autoclaving . 

( iv) Buffy-coat c ells from hepar inized blood s::tmples are pla ced on the 

c ot t on wool by pipett ing and alJ. owed to  soak i t s  entire length . 

( v) The syringe is att ached to the top of the P asteur pipe t t e s  as in 

Fi gure VI .2 . •  

( VI )  HBSS is  run unto the c olumn and drawn th:rough b y  ayringe ( Figure VI . 3) .  

( VII )  Pure lymphocyte suspensi ons are obtai ned follo'.\fing lys is of  

erythrocytes ancl washing of t h e  cultures a s  detailed i n  Chapt er 5 . 

( 1 )  ' 'Kimble 1 1 , CTwens - Illinois , U . S . A . 
( 2 )  1 1Decon 75 1 1 , Hedic3.l Pharmaceut ical Development s Lt d . , 

Bri ght on , U . K . 
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APPENDIX VI I 

Antilymphocyte Serum 

Preparat i on 

The thymus gland was removed asept i ca l ly from foe tal lamb s whi ch 

had been rec overed from the pregnant uteri of sheep at a l o cal 

slaughter-house . Cell s were teased from the thymus into phospha te 

buffered saline (PES ) a t  4
°

C and washed three time s in PES by 

centrifuga t i on at 600 g for 1 0  min . A djus tment was made to a 50 per 

cent . V/V cell suspension in PES and 50 ml of thi s were immediately 

inj e c ted into a horse by the intra-venous route . Two further inj e c t i ons 

.of similarly prepare d suspensions of thymo cyte s were given by the 

same route of inj ection a t  seven day interval s .  The horse was 

anae the t i zed and exsanguinated seven days after the third treatment . 

Bl ood wa s collected and allowed to clot in large coni cal pyrex 

flasks . I t . :wa s  then left a t  room temperature over-night t o  enable 

contraction of the cl o t  to occur . Approxima tely 1 0  l of serum was 

de canted and passed t hrough a fil ter of 22 )U pore diame ter .  The 

fil trate wa s di spensed into 1 00 ml glas s  b o t tl e s  and s tore d until 

0 
required a t  4 c .  Some of thi s "raw" antilympho cyte serum was tested 

in a sheep and i n  slide agglut ina tin tests ( see b e l ow ) . The 

remainder was pooled and the globulin fraction of the serum proteins 

precipa ted by trea tment for three hours in 45 per cen t .  ammonium sulpha te 

solution . This was collected by centrifuging a t  2 � 000 g for 30 min 

and the resul tant ·pellet re suspended and diss olved in saline . Thi s 

s oluti on was dialized against di s ti l led wa ter for 24 hr and the 

dialysate diluted wi th PES to 20 per cent of the original volume of 

serum . 

Test ing 

Slide agglut ina tion test 

Ten-fold diluti.ens ef both the "raw" serum and globulin fra o t d: en 



were t e s ted for a gglu tina t ing ab i l i ty wi th singl e -cell suspensi ons 

of ovine lympho cyte s ob tained from peri pheral b l o o d  as de scribed in 

A ppendix VI . Two drops of the " se rum" were adde d to an equal volume o f  

the lympho cyte suspension o n  a cl ean gla s s  s l i de . The slide wa s 

gently agi tated and then examine d  for lymphocyte a gglut ina t i on under 

a mi cros cope at 30 min . A posi tive a gglu tina t i on o c curre d wi th b o th 

serum and gl obul in at 1 in 1 0  dilu t i on . 

Re sponse in inj e c te d  shee p  

I nj e c t i ons of s e rum o r  globul i n  were given a t  t hre e day interva l s  

t o  normal she e p  whi ch had rece ived a l l ogene i c  homografts of skin a s  

de s cribed in Chapter 7 f o r  a pe r i o d  of three weeks . The ini t ial two 

s e rum treatments were given by the intra-venous rou te , bu t b e caus e  o f  

a dve rse e ffe c t s , all sub sequent inj e c t i ons of b oth s e ra and globulin 

we re admini s te re d  in tra-peri tonea l l y .  The dose o f  se rum on e a ch 

o c ca s i on wa s 1 00 ml and tha t of gl obulin 20 ml . Antib i o t i c  cove r 

t o  prevent inte rcurren t  bacterial infe c t i on was given dai l y .  

B o th anti lympho cyte prepar� ti ons caused a n  imme dia te and profound 

fa l l  in ci rcula ting l ympho cytes whi ch persi s t e d  throughou t trea tment , 

Skin gra f t s  of b o th t e s t e d  she e p  showe d no gro s s  evidence of 

re j e c t i on during the trea tment c ourse . Hi s t o l ogi cal l y  they were normal 

except fo� a l i ght infi l t ra t i on of lympho cyte s .  
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Two Cases of Hepatic Mastocytoma in Sheep 

A. c. JOHNSTONE 

Department of Animal Health, M assey University, Palmerston North, New Zealand 

Abstract. Two mastocytomas of the liver of sheep are described. The specimens were 

obtained during a survey of hepatic neoplasia that was conducted on abattoir-slaughtered 

sheep. Although tissues other than the liver were not examined, both tumours had meta­

stasised, one to the portohepatic lymph node, and the other intrahepatically. It is believed 

that this is the first report of mastocytoma in this species. 

Mastocytomas are common neoplasms of dogs but are seen less frequently 

in other species of domestic and laboratory animals [ 1 -7]. There appears to 

be no report in  the l i terature of mastocytoma in  sheep. 

Materials and Methods 

Specimens were col lected at two local abattoirs during a survey of hepatic neoplasia 

in  sheep. 

Tissue blocks were fixed in 10% formol saline, embedded in paraffin, sectioned at 

5J.!m and stained with haematoxylin and eosin, G iemsa, and toluidine blue. 

Results 

A total of 358,846 sheep l ivers, of which 222,682 were from lambs younger 

than 6 months, were examined. The two cases of mastocytoma reported here 

were found in a series of 40 neoplasms examined. Both were in adult sheep. 
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Fig. 1. A section of the hepatic tumour from the sheep in case I, showing mast cells 

and eosinophils within the collagenous stroma. HE. 

Pathology 

Case I 
A firmly encapsulated pale mass with external d imensions of 6 X 6 X 4 cm 

was situated on the posterior margin of the left lobe of the l iver. The cut 

surface exposed fa intly green tissue divided into lobu les by broad radial ly 

orientated bands of fibrous t issue. There was no fibrous boundary between 

the mass and the hepatic parenchyma. An area of necrosis I cm in diameter 

was present in the central area of the mass. The portohepatic lymph nodes 

were sl ightly swollen and contained several pale firm nodules about 2.0 mm 

diameter. 

Tissue sections of the mass consisted of closely packed cel ls  in a sparse 

col lagenous stroma (fig. 1 ) . The most frequent cel l  type in the H E-stained 

sections was large, with abundant finely granular cytoplasm and margi ns 

that were frequently poorly defined. The nuclei were round or ovoid, some­

times indented, and had marginated chromatin .  A small nucleolus could be 

seen in most of the cel ls .  Few mitotic figures were present. The cytoplasmic 

granules stai ned metachromatical ly with G iemsa and toluidine blue. l n  some 

areas of the tumour the mast cel l s  were less typical and had smaller, more 
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Fig. 2 .  A section o f  the portohepatic lymph node from the sheep in case I, showing 

infiltration of the cortex and germinal follicles by mast cells. HE. 

deeply stained, irregularly shaped n uclei and fewer cytoplasmic granu les. 

Large n umbers of eosinophils and a few macro phages were dispersed between 

the mast cel ls .  The hepatic sinusoids adjacent to the tumour were compressed, 

but there was l ittle evidence of diffuse invasion of the hepatic parenchyma by 

the mast cells. 

The lesions in the portohepatic lymph nodes (fig. 2) consisted of aggrega­

tions of mast cel ls  morphological ly similar to those in the l iver, but lacking 

a collagenous stroma. Fewer eosinophils were seen i n  association with these 

mast cel ls. 

Case I! 
The l iver had m ultiple pale lesions 0.2-0.5 cm i n  diameter dispersed 

throughout the parenchyma. The portohepatic lymph nodes were normal . 

Neoplastic mast cel l s  were localised to the portal areas (fig. 3) and were 

similar to those in case l ,  except that the cytoplasmic granules were larger 

and more distinct. Eosinophils were present in large n umbers. A few mast 

cel ls were seen in portal veins. 

A diagnosis of hepatic mastocytoma was made in both cases on the basis 

of the h istologic appearance of the tumours. 
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Fig. 3. Infiltration of hepatic portal region in the sheep in case l l  by lymphocytes and 

mast cells : several mast cells are present in  one of the veins (arrow). H E .  

Discussion 

The appearance of the mast cel ls  in  these lesions conforms to the descrip­

tion of the morphology and staining reactions of ovine mast cells given by 

VEGAD [8]. Eosi noph i ls  are characteristic components of mastocytoma in 

other animal species [7] .  

The l iver is a fairly common site of secondary local isation i n  cutaneous 

mastocytoma in the dog. H OTTENDORF and NEILSEN [5] reported that 37 of 

91 dogs with mastocytoma had hepatic metastases. 1 n the cases reported here, 

the l ivers were examined separately from the carcass, and it is not known 

whether the tumours were pri mary or metastatic. Both tumours had, how­

ever, metastasised, the first to the portohepatic lymph nodes, and in the 

second case intrahepatical ly. 
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