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SUMMARY 

Sixty-nine sheep were infected with bovine leukemia virus 
from bovine lymphosarcoma materials. Twenty-four devel- 
oped lymphosarcoma and died from 13 to 66 (average, 29) 
months later. Circulating lymphocytes were increased to 
leukemia levels (70,000 to 403,000/cu mm blood) in only 
eight sheep wi th in 2 to 3 months of death. Various lymph 
nodes and visceral organs including heart, abomasum, 
uterus, kidneys, and urinary tract were commonly affected 
as in cattle with the adult form of lymphosarcoma. In one 
sheep the skin was involved. The liver was involved in only 
one case. This was in contrast to more frequent involvement 
reported in l i terature for naturally occurr ing lymphosar- 
coma. The neoplasms in experimental sheep are regarded 
as a mixture of reticulum or histiocytic cells and lymphoid 
cells with transit ional forms supported by a usually sparse 
and diffuse f ibroplasia and a web of silver-staining reticulin 
fibers. 

INTRODUCTION 

The experimental product ion of lymphosarcoma in sheep 
with bovine lymphosarcoma material was first reported in 
1969 by Wittman and Urbaneck (25) and was apparently 
inspired (26) by observations of Enke (6, 7) in East Germany. 
In 1961, Enke et al. (7) reported the development of " lym- 
phatic leukosis" in 45 of 500 to 600 sheep in the years 1959 
to 1961. A 1961 study (18) of 8055 cattle in Sweden indicated 
a highly signif icant occurrence of lymphosarcoma in herds 
where fresh bovine blood containing Pi rop lasma had been 
used for more than 7 years for immunizat ion of cattle 
against piroplasmosis. This report may have led Enke to 
suspect a simi lar source of infection in sheep observed by 
him, since in 1964 (6) he recalled that, 2 to 3 years previous 
to the 1959 to 1961 leukosis outbreak, the sheep had re- 
ceived 2 inject ions of Pi rop lasma- in fec ted  blood of a calf 
that came from a small herd of cattle affected with bovine 
leukosis. 

The oncogenic i ty  of BLV ~ for sheep has been conf irmed 
(Refs. 12, 17, and 26; M. Van der Maaten and J. M. Miller, 
personal communicat ion).  The infectivity of BLV for goats 
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has been reported (9, 21). A C-type virus has been demon- 
strated in PHA-stimulated cultures of lymphocytes from af- 
fected sheep in a f lock with enzootic lymphatic leukosis 
(19). The serum from these sheep, as well as from sheep 
and goats inoculated with leukotic material from affected 
sheep, had precipi t in ant ibody to ether-resistant BLV anti- 
gen prepared in the United States and ether-treated antigen 
prepared from cultures of the C-type virus cultured from a 
leukotic sheep (20). It is therefore possible that this enzootic 
lymphatic leukosis outbreak in Germany may have been due 
to BLV. 

The characterist ic of natural ly occurr ing lymphosarcoma 
(malignant lymphoma) in sheep has been recently studied in 
New Zealand and compared with reports in the l i terature 
consti tut ing a total of 157 cases (11). These cases can be 
compared with the lesions of lymphosarcoma in 24 sheep 
induced with BLV. 

MATERIALS AND METHODS 

There were 24 cases of exper imental ly produced lympho- 
sarcoma among 69 sheep inoculated with infective bovine 
lymphosarcoma materials (9, 17). :~ Sheep V29, V31, V37, 
V40, V41, V42, and V44 received i.p. BLV, verified by EM, in 
a 2-day culture of PHA-stimulated lymphocytes from a 2.5- 
year-old cow (Case 3133) that died with a naturally occur- 
ring lymphosarcoma (17). The circulat ing lymphocytes had 
been 180,000 to 263,000/cu mm and were harvested and 
stored at - 6 0  ~ in 15% dimethyl sul foxide with 20% fetal calf 
serum prior to culture. Sheep D50 received 440 • 106 cells 
in a suspension of lymphoid tumor  from a parotid lymph 
node of a 6-month-old calf (Case 3134) that died with gener- 
alized lymphosarcoma (17). Sheep A6 and A8 received i.p. 
BLV, verified by EM, in a culture of lymphocytes mixed from 
Sheep V33 and V34 that had been experimental ly infected 
with BLV from Case 3133 (9). Sheep A18, A22, A25, A55, 
A57, and A61 received i.p. BLV, verified by EM, in a culture 
of lymphocytes from either Bovine 344 that had been experi- 
mentally infected with BLV from a natural ly occurr ing case 
of lymphosarcoma or Bovine 521 experimental ly infected 
with BLV from Case 3133 (9). Sheep A28 and A29 received 
the same BLV material as Sheep A18, except that the mate- 
rial had been frozen for 14 days at - 6 0  ~ (9). Sheep A42, A44, 
and A45 received buffy-coat suspension from Sheep A42 or 

3 L. E. Baumgartener, C. Olson, and M. Onuma. Inactivation of Bovine 
Leukemia Virus by Pasturization, submitted for publication to Journal of the 
American Veterinary Medical Association. 
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V37 at a t ime when their lymphocytes would produce BLV, 
verified by EM, after a short-term culture stimulated by PHA 
(9). Sheep B6, B7, and B8 received i.p. BLV, verified by EM, 
in a short-term culture of lymphocytes from either Cow 344, 
which had been experimental ly infected with BLV, or Cow 
H1915, which had been naturally infected with BLV. The 
infected material was mixed with milk from a cow with no 
precipit in ant ibody to BLV in a pasteurization experiment. :~ 
The sheep had been inoculated as 1-day- to 2-month-old 
lambs. They died or were killed when moribund with tumors 
from 13 to 66 (average, 29) months later. The experimental ly 
inoculated sheep came from 2 flocks. One was a commer- 
cial herd with no reported occurrence of lymphosarcoma, 
and 11 uninoculated control lambs from this f lock were 
normal (clinical examination, and negative for BLV precipi- 
tins) at 2 years of age. The other f lock of 300 to 500 adult 
sheep for the past 25 years has been maintained by the 
College of Agriculture with veterinary supervision, and no 
known cases of lymphosarcoma have occurred. Most of the 
sheep inoculated with BLV in this report came from this 
f lock, as well as 20 control lambs not inoculated and moni- 
tored by culture for BLV and precipit in tests for BLV anti- 
body for 4 years. The 20 control sheep have remained 
negative. Cultures of circulating lymphocytes for demon- 
stration of BLV, tests for precipit ins to BLV, and counts of 
blood lymphocytes were done at various intervals (9). Lym- 
phocytes were obtained from blood by a sil icone method, 
cultured in a suspension with PHA and fetal calf serum for 2 
to 3 days, and then pelleted for examinat ion by EM for BLV. 
A double dif fusion agar gel method was used for detecting 
presence but not titer of precipit ins to a BLV antigen. Gross 
morphological  changes were noted at necropsy, and tis- 
sues were fixed in buffered 10% formaldehyde for subse- 
quent histological staining with hematoxyl in-eosin, Van 
Gieson, Masson's tr ichrome, May-Gr0nwald-Giesma, and 
Bielschowsky silver stains. 

RESULTS 

A marked increase to leukemic levels (70,000 to 403,000/ 
cu mm) of circulat ing lymphocytes was noted in 8 sheep 
(V31, V40, V42, A6, A22, A28, B6, and B8) 16 to 30 months 
after inoculat ion and within 2 to 3 months of death. The 
increase sometimes was rapid, developing in a few days. In 
3 other sheep (V29, D50, and A45), the number of circulat- 
ing lymphocytes had been within a normal range until a 
terminal drop to 1,1 50 to 2,000/cu mm of blood. Essentially, 
normal to sl ight ly elevated numbers (5,000 to 12,000/cu mm 
of blood) of lymphocytes were noted dur ing the experimen- 
tal life of 14 sheep. In 3 of these sheep (V41, A18, and A61), 
a lymphocyte count of 15,000 was recorded once. 

Lymphocytes from all 24 sheep produced leukemia virus 
on culture, some as early as 3 to 4 months after inoculat ion. 
Their serums contained precipitat ing ant ibody to BLV after 
inoculat ion that was evident at the time of or soon after BLV 
was manifest by culture of lymphocytes. 

The neoplastic lymphoid cells varied in morphology from 
a primitive type with large vesicular nuclei (Fig. 4) to some- 
what smaller more mature types (Fig. 9) with relatively more 

cytoplasm and with nuclei that contained more chromatin. 
The primitive characteristic of the lymphoid tumor cells was 
evident in the many nucleoli  and fine chromatin pattern 
seen with impr int  preparations (Fig. 16). In some tumors, 
there were also reticulum cells similar to but larger than the 
primitive type of lymphoid cells. In many of the tumors, 
there was such a mixture of cell types that the tumor could 
be called a hist io lymphocyt ic lymphosarcoma (10). 

Both lymph nodes and visceral organs were involved, 
grossly or microscopical ly,  with lymphoid neoplasia in all 
the experimental ly inoculated sheep (Table 1). Sheep A29 
may have had visceral organs affected but postmortem 
changes precluded their histological examination. In 3 
other animals (V29, A55, and A61), lymphoid tumor infi ltra- 
t ion of the liver, spleen, or heart was sl ight to moderate. 

Lymph nodes most commonly  affected and those usually 
examined were mediastinal, prescapular, prefemoral, mes- 
enteric, and iliac. The extent of lymphoid tumor in these 
lymph nodes is reflected by their enlargement from 2 to 
about 10 times their normal size (Table 2). The mesenteric 
lymph nodes were frequently involved (Fig. 3), but their size 
was diff icult to measure with accuracy. Both of the paired 
lymph nodes were frequently but not always affected. 

The heart was involved in 20 of 23 cases examined (Figs. 1 
and 2). There was infi l tration of lymphoid tumor in the 
ventricles in 16 cases and of the auricles in 14 cases. The 
right auricle only was affected in 2 cases and in combina- 
t ion with the ventricles in 8 other instances. In 3 cases, the 
left auricle was affected and not the right auricle. The le- 
sions in the heart varied from gray-white streaks of lymph- 
oid tumor to sheet-like irregular inf i l trat ions. 

The uterus was often affected with inf i l tration of the mus- 
cle as well as mucosa (Fig. 1). 

The abomasum was involved (Figs. 11 and 17) in 12 of 19 
cases in which it was specif ical ly examined. In 1 animal 
(D50), lymphoid tumor caused erosion of the wall with per- 
foration and peritonit is. 

The wall of the urinary bladder was grossly involved with 
lymphoid tumor,  and frequently the ureters had tumor infil- 
tration in the submucosa. The seminal vesicles of the 1 
intact male sheep, B7, had lymphoid tumor growth. 

The kidneys were not often severely affected with lymph- 
oid tumor which was usually localized in nodular masses 
(Fig. 1) or in the capsule. In 4 instances, tumor growth in the 
ureters had led to moderate hydronephrosis.  

In only 1 instance (V31) did lymphoid tumor cause the 
spleen to be sl ightly enlarged (15 x 12 x 5 cm; 375 g). In 1 
other case (V29), there were scattered focal masses of 
splenic lymphosarcoma. In 3 other cases, there were lymph- 
oid tumor cells in the pulp wi thout splenomegaly. 

In 2 cases, there was peribronchial  lymphoid tumor and in 
3 other cases tumor was localized on the pleura. 

Tumor was rare on the intestine (Fig. 17), being localized 
on the peritoneal surface in 3 cases and encircl ing the 
duodenum in another. 

The livers were either normal or fatty in appearance. By 
histological examinat ion, except for lymphoid tumor cells in 
the vascular bed, there was moderate tumor inf i l tration in 
the portal triad areas in only 1 animal (B8). 

Bone marrow for histological study was obtained in only 4 
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Table 2 
Dimensions of lymph nodes frequently affected with lymphosarcoma in sheep inoculated 

with BLV 

Dimensions (cm) 

Av. Range Normal 

Mediastinal 9 x 3 • 3 17 x 3 x 1-5 x 2 x 2 2 x l  x0.5 
Prescapular 5.9 x 4.1 x 3 18 • 12 x 6-3.2 x 2.5 • 2 3 x 1 x 2 
Prefemoral 3.3 • 2 • 1.6 8 x 5 x 3-2.5 • 2 x 1.5 2 x 1 x 0.5 
Suprapharyngeal 3.4 x 2.2 x 1.8 6 x 2.5 • 2-2 • 1 x 1 1 x 1 • 0.5 
Iliac 6.6 x 4 x 3 14 x 10 x 5"-3.5 x 2.5 x 1.5 2x  1 x0.5 

" In Sheep A44, the iliac nodes were involved in a larger tumor mass extending from the 
kidneys to the pelvis. 

cases.The rib, femoral,  and sternal marrow in 1 animal (V31) 
had areas of lymphoid tumor inf i l t rat ion. 

Ovaries were normal in the 13 cases examined. In 1 in- 
stance the adrenal was affected. In 2 cases, lymphoid tumor 
was found in the musculature of the d iaphragm. 

In 1 case (B8), diffuse lymphoid tumor  growth was replac- 
ing much of the mammary gland tissue (Fig. 10). The pan- 
creas contained scattered 1- to 5-mm tumor  nodules in 
Sheep A25. There was a large lymphoid tumor  of the parotid 
salivary gland in Sheep D50 (Figs. 5 and 6). 

Sheep V40 had extensive lymphoid tumors in the skin 
(Figs. 14 and 15) in addit ion to many affected lymph nodes 
and visceral organs. 

Hemal nodes, usually adjacent to the hilus of affected 
lymph nodes, were also infi l trated with tumor.  

The areas occupied by thymic tissue had lymphoid tumor 
growth in 11 of 20 cases. In most instances, tumor was 
inf i l t rat ing between fat cells and somet imes mixed with 
small,  dark-staining thymocytes. In 2 cases (V42 and A42), a 
f ibroblast ic prol i ferat ion (Fig. 13) was marked and dis- 
placed much of the lymphoid tumor.  

The associat ion of marked f ibroplasia with lymphosar- 
coma was noted in 3 sheep. An irregularly shaped pelvic 
tumor  mass involved the iliac lymph nodes of Sheep A22 
and adjacent tissues. Most of the tumor  was lymphosar- 
coma with scattered f ibroblasts but in some areas the fibro- 
blasts predominated.  Sheep A6 had a similar pelvic tumor 
mass in which the f ibroblast ic cells were more densely 
arranged (Fig. 12); in addit ion, there was a mixed lymphoid 
and f ibroblast ic tissue involving the abdominal  wall, omen- 
tum, and abomasum. Sheep V42 had a 16- x 10- x 10-cm 
tumor  in the upper cervical region (Fig. 19) and a 9- x 8- x 
5.5-cm mass at the thoracic inlet, both composed of a 
mixture of lymphoid and f ibroblast ic cells (Fig. 13). A 
lymphoid tumor  mass involving the wall of the rumen had 
areas of f ibroblast ic cells in Sheep D50. 

Sheep V44 died with tumor 66 months after inoculat ion 
and had extensive involvement of lymph nodes as well as 
the esophagus, abomasum, mesentery, retrobulbar tissue, 
and body wall (Figs. 17, 18, and 20). Tumor  also infi l trated 
the body wall of Sheep A25. 

D I S C U S S I O N  

Lymphosarcoma as experimental ly produced in sheep 
with BLV can best be compared with the series of naturally 
occurr ing cases described by Johnstone (11) and Anderson 

and Jarrett (1). A major difference from the presently de- 
scribed cases seems to be the more frequent involvement of 
the liver and spleen in the naturally occurr ing cases and in 5 
of 9 experimental cases reported by Urbaneck et al. (24). 
There was more frequent involvement of the uterus, heart, 
and abomasum in experimental ly produced lymphosar- 
coma (Table 1). Johnstone (11) found tumor in 74% of the 
lymph nodes of the iliac, 68% of the mediast inal ,  63% of the 
mesenteric, and 63% of the cervical regions, which is com- 
parable to that found in the experimental sheep. 

Anderson et al. (2) proposed a classif icat ion system for 
lymphosarcoma in domestic animals with 3 main forms, 
namely, mult icentr ic,  thymic, and al imentary, and in addi- 
t ion a skin form. In their work, the al imentary form, involv- 
ing intestine, mesenteric lymph nodes, and often liver, 
seemed to be a useful classification when appl ied for the 
disease in cats and dogs but less so for catt le, sheep, and 
pigs. Johnstone (11) classified his 22 cases and 134 other 
lymphosarcoma cases of sheep in 8 other reports as 97 
mult icentr ic,  25 alimentary, 14 thymic, and 20 skin. The 
classif ication of an alimentary form in sheep may be some- 
what arbitrary since none of the exper imental ly  produced 
cases would fit the criteria. 

Involvement of the skin and thymus occurs in both natu- 
rally occurr ing and experimental ly produced lymphosar- 
coma of sheep. This may simply be an extension of the 
lymphoid neoplasia and not dist inct forms of the disease as 
in cattle. In bovine lymphosarcoma, skin lesions may re- 
gress (3, 15) or the animal later develops the mult icentr ic 
form with involvement of visceral organs and lymph nodes 
(3, 14). The thymic form of lymphosarcoma in cattle is 
peculiar in that, in 6 cases examined thus far, their serums 
had no precipi t in antibody to ether-resistant BLV antigen, 
and blood lymphocytes from 2 cases failed to produce BLV 
on short-term PHA-stimulated cul ture? 

The f ibroblast ic reaction with lymphosarcoma in 5 experi- 
mental sheep has a counterpart in the bovine thymic form of 
lymphosarcoma where we have noted f ibroblast ic  reaction 
in the thymus? Although the signif icance of  this is not 
obvious, it would appear that BLV in lymphoid  tumor can 
stimulate hyperplasia of f ibroblasts as well as lymphoid 
cells. Serums from sheep with f ibrosarcoma induced with 
feline sarcoma virus (23) were submitted by Theilen et al. 
(22) and found to be negative for ant ibody to the ether- 
resistant antigen of BLV. 4 

Mammerickx et al. (12) i l lustrated a large tumor  mass of 

4 c. Olson, J. M. Miller, L. D. Miller, and L. E. Baumgartener, unpublished 
d ata. 
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the abdomina l  wall that  apparent ly  g rew f rom grafts at the 
c icatr ix  fo l low ing  a cesarean opera t ion  in a cow.  He also 
i l lustrated s.c. l ympho id  tumors  in a sheep in which fatal 
lymphoid  neop las ia  deve loped af ter  inocu la t ion  p.o.  of 
b lood from bovine "enzoo t i c  l eucose"  (12). Lymphosar -  
coma has deve loped in 8 sheep fo l l ow ing  inocu la t ion  p.o. of 
bovine b lood and as early as 10 mon ths  (13). Lympho id  
t umor  growth s.c.  was found  in 4 of 24 cases of this series 
and was very large in 2 (Fig. 18). Such growth  may fo l l ow 
t rauma in wh ich  neoplast ic  l ympho id  cel ls f rom the b lood  
local ize and establ ish the tumor .  A t tempts  to p roduce  such 
tumors  by s.c.  imp lants  of fresh t u m o r  f rom one sheep to 
ano ther  have fa i led but  these wou ld  be he te ro logous  and 
not  au to logous  graf ts.  4 

Nine sheep w i th -exper imenta l l y  i nduced  l ymphosa rcoma  
died f rom 10 to 29 (average, 19.5) mon ths  after s.c. inocu la-  
t ion with bovine b lood (24, 26). In 1 ins tance,  Paulsen et al.  

(21) noted death with l ymphosa rcoma  in a sheep in the 
beg inn ing of the 5th year after s.c. in jec t ion  of 40 ml of 
serum from a sheep that  d ied with a very high leukemia 
level. In the present  series, 1 sheep died with t umor  5.5 
years after i nocu la t ion  with t umor  t issue f rom a juven i le  
form of bovine l ymphosarcoma.  The long latency may have 
been due to a smal l  amoun t  of in fect ive material  inocu la ted .  
By contrast ,  most  of the sheep wi th l ymphosa rcoma  found  
at s laughter  are old animals acco rd ing  to the review of 
Bos tock  and Owen (5). 

The s imi lar i ty  of l ymphosarcoma involv ing certain lymph 
nodes,  heart, abomasum,  uterus,  k idneys,  and ur inary t rac t  
in catt le (16) may be noted in this series in sheep. The same 
pattern of invo lvement  was found  (13) in l ymphosa rcoma  
produced in 8 of 33 sheep by inocu la t i on  p.o. of b lood f rom 
a cow with l ymphocy tos is  ( leukemia).  In add i t ion ,  there was 
t umor  behind the eye, in the spinal canal ,  and s.c. (13). 

Cons iderab le  detai l  on the h i s topa tho logy  of bovine lym- 
phosarcoma has been reported (4, 23). In 1 s tudy (4), the 
c lassi f icat ion by cell type in 6 prev ious reports was cons id-  
ered, and f rom this series of 36 cases a 7th c lass i f ica t ion 
was deve loped.  Most  (23 cases) were " r e t i ku l ose "  or " re t ik -  
u losa rkomatose"  wi th small to large and p o l y m o r p h o u s  
ret icu lum cells; 13 were l ymphocy t ic  or stem cell types wi th 
8 des ignated as " l y m p h o s a r k o m a t o s e "  (4). In the o ther  
s tudy (23), 35 cases were d iv ided into early, deve lop ing ,  and 
end stages of " l y m p h o s a r k o m a t o s e  10, l ymphore t i cu la re  
sarkomatose 8, l ymphosarkom 3, l ymphat i che  leukose 10, 
and re t i cu losarkom 4. "  For the present ,  at least, it seems 
suf f ic ient  to regard the neoplast ic  cel ls in the exper imenta l  
sheep as a mix ture  of re t icu lum or h is t iocy t ic  cel ls and 
lymphoid  cel ls wi th varied t rans i t iona l  cel ls suppor ted  by a 
usual ly sparse and d i f fuse f ib rop las ia  and a web of si lver- 
s ta in ing ret icu l in  f ibers (Figs. 7 and 8). In bovine lymphosar -  
coma, there was also a mix ture  of l ympho id  and re t icu lum 
cells and e i ther  might  p redomina te  (8). EM of bovine lym- 
phosarcoma suppor ted  the essent ial  in fo rmat ion  prov ided 
by l ight m ic roscopy  (8). 
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Fig. 1. Diffuse lymphosarcoma involving left iliac lymph nodes, nodular tumors, kidney, diffuse in heart (right auricle and ventricle opened), left ovarian 
lymph node, and wall of both uterine horns which have been incised to show thickening caused by diffuse tumor (Sheep V41). 

Fig. 2. Heart, Sheep A6, with lymphoid tumor cells infiltrating musculature and concentrated in subendothelial and epicardial areas. H & E, • 26. 
Fig. 3. Enlarged mesenteric lymph node that weighed 2.2 kg and (left) mediastinal lymph node from Sheep B8. 
Fig. 4. Lymphoid tumor cells in iliac lymph node of Sheep V41. Note relatively large vesicular nuclei. H & E, • 600. 
Fig. 5. Tumor of parotid salivary gland Sheep D50. The enlarged parotid lymph node with intact but incised capsule may be noted to the right of the parotid 

tumor. 
Fig. 6. Collecting ducts and collapsed acini of parotid salivary gland occur as wedge-shaped band being compressed by lymphoid tumor growth (Sheep 

D50). H & E, x 150. 
Fig. 7. Lymphosarcoma in right auricle of heart of Sheep A6 shows concentration of reticulin fibers surrounding small groups of tumor cells. Bielschowsky 

silver, x 450. 
Fig. 8. Lymphosarcoma in wall of rumen of Sheep V44 shows irregular distribution of reticulin fibers partially enclosing large groups of tumor cells. 

Bielschowsky silver, x 400. 
Fig. 9. Portion of an iliac lymph node of Sheep A22 shows intact capsule with lymphosarcoma of the node and infiltration of tumor about fat cells outside in 

the hilus. H & E, x 60. 
Fig. 10. Diffuse lymphoid tumor growth in mammary gland in Sheep B8. H & E, x 100. 
Fig. 11. Lymphoid tumor in abomasum of Sheep A22. Note relative absence of tumor in mucosa from protective band of muscularis mucosa. H & E, x 60. 
Fig. 12. Fibroblastosis in pelvic region mass involving also lymphoid tumor in iliac lymph nodes (Sheep A6). H & E, x 300. 
Fig. 13. Fibroblastic cells with a few lymphoid cells in 9 x 5.5 x 8-cm tumor mass near thoracic aperture of Sheep V42. This animal also had irregular 

fibroblastic lymphoid tumor (16 x 10 x 10 cm) adjacent to suprapharyngeal lymph nodes diffusely enlarged with lymphoid tumor cells. H & E, x 800. 
Fig. 14. Lymphosarcoma of skin, Sheep V40. Note variable size of lesions in area from which wool has been clipped. These were red-gray and raised. 
Fig. 15. Diffuse lymphoid tumor infiltration of corium from epidermis to s.c. fat in a skin lesion of Sheep V40. x 26. 
Fig. 16. Primitive-type reticular lymphoid tumor cells in an imprint preparation from the enlarged posterior mediastinal lymph node of Sheep V31. May- 

Gr0nwald-Giesma, enlarged from a Kodachrome. 
Fig. 17. Lymphosarcoma in Sheep V44. Top, mucosal aspect of esophagus with a 6- x 5- x 3-cm tumor; adjacent abomasum at right with a smaller tumor 

nodule; lower left, laryngeal region wih a 5- x 4- x 4-cm tumor and enlarged suprapharyngeal lymph nodes; lower center, small intestine with tumor at 
mesenteric attachment; and lower right, a tumor (8 x 6 x 5 cm) in abomasum near pyloric valve. 

Fig. 18. Large tumor of body wall that was 20 x 19 x 16 cm and weighed 3.2 kg (Sheep V44). 
Fig. 19. Tumor (16 x 10 x 10 cm) that was quite firm and dense, thought to be thymic tissue and adjacent enlarged suprapharyngeal lymph node (Sheep 

V42). 
Fig. 20. Sheep V44 with protrusion of right eye from a 4- x 3- x 2-cm tumor behind the eye. 
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