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The primary p r o j e c t  o b j e c t i v e s  a r e  t o  e l u c i d a t e  t h e  cause ( s )  and e a r l y  

pa thogenes is"of  t h e  a d u l t  form of lymphosarcoma i n  c a t t l e .  This  goa l  is  

t o  be  accomplished through exper imenta l  t ransmiss ion  of t h e  d i s e a s e .  For 

t h e s e  s t u d i e s  l a r g e  q u a n t i t i e s  of bovine leukemia v i r u s  (BLV) were propagated 

i n  short- term,  mitogen s t imu la t ed ,  1ymphocyte .cu l tures .  Cu l tu re s  con ta in ing  

abundant BLV p a r t i c l e s  were pooled (33 l i t e r s  t o t a l )  and fu r , t he r  processed by 

'continuous flow, d e n s i t y  g r a d i e n t ,  u l t r a c e n t r i f u g a t i o n .  This  h i g h l y  con- 

c e n t r a t e d ,  c e l l  f r e e ,  BLV p r e p a r a t i o n  was then  used a s  inoculum f o r  12  l a t e  

s t a g e  bovine f e t u s e s  ( i nocu la t ed  i n  u t e r o )  and two newborn ca lves .  Extensive.  

monitor ing s t u d i e s  have been c a r r i e d  o u t  on t h e s e  inocu la t ed  animals  t o  

d e t e c t  precancerous changes and t o  o b t a i n  a  d e t a i l e d  d e s c r i p t i o n  of t h e  

events  preceding t h e  development of lymphosarcoma. These ex tens ive  r eco rds  

on lymphosarcoma a s s o c i a t e d  blood parameters  such a s  BLV product ion ,  nuc lea r  

pocket i nc idence ,  B-cel l  percentage ,  anti-BLV se ro logy  t i t e r ,  and complete 

blood count have e s t a b l i s h e d  t h a t  a l l  of t he  inocu la t ed  animals  became 

p e r s i s t e n t l y  BLV i n f e c t e d .  However, a f t e r  more than  f i v e  y e a r s  of . 

incubat ion ,  no c a s e s  of lymphosarcoma developed. Consequently,  dur ing  t h e  

p a s t  seven months, f i v e  of t h e s e  w e l l  c h a r a c t e r i z e d  animals  have been 

sub jec t ed  t o  f r e q u e n t  BLV re-exposure i n  o rde r  t o  s tudy  BLV-host i n t e r a c t i o n s  

i n  prev ious ly  i n f e c t e d  a d u l t s  and t o  p o t e n t i a l l y  a c c e l e r a t e  tumor formation 

i n  t h e s e  animals .  
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EXPERIMENTAL PLAN . . 

. . 

Group Assignments -- The 11 animals  c u r r e n t l y  on s tudy  were d iv ided  i n t o  

t h r e e  exper imenta l  groups (A, B and C). The f i v e  animals  i n  group A r ece ived  

BLV i n f e c t e d ,  ' a n t i g e n i c a l l y  f o r e i g n  lymphocytes. The t h r e e  animals  i n  group 
. ; 

B r e c e i v e d  non-BLV i n f e c t e d ,  f o r e i g n  lymphocytes. The t h r e e  animals  i n  

group C r ece ived  no i n o c u l a t i o n s  and t h e r e f o r e  served  as c o n t r o l s .  The a c t u a l  

group ass ignments  a r e  p re sen ted  i n  Table  2. 
. . 

Source of Lymphocytes f o r  I n o c u l a t i o n  -- Animals i n  group A (303, 652, 

655, 656 and 658) r ece ived  a n t i g e n i c a l l y  f o r e i g n  lymphocytes from t h e  b e s t  

BLV producers  i d e n t i f i e d  du r ing  t h e  Play, 1979 blood mon i to r i r~g  s tudy  ( s e e .  ' , . 

Table 2 ) .  Thus, an imals  303, 652, 656 and 658 r ece ived  iymphocytes from 

J e r s e y  655 and J e r s e y  655 r ece ived  lymphocytes from Hol s t e in  658. With t h e  

excep t ion  of animal  652, t h e  lymphocyte r e c i p i e n t  was of a  d i f f e r e n t  breed 

than  t h e  donor t o  maximize t h e  a n t i g e n i c  f o r e i g n i c i t y " o f  t h e  inocu la t ed  

lymphocytes. Animals i n  group B (338, 657 and 658) r ece ived  lymphocytes 

from a non-BLV i n f e c t e d ,  c l i r l i c a l l y  norr!ial, adLl  t Jersey. This  animal ,  

main ta ined  i n  t h e  U n i v e r s i t y  of Minnesota d a i r y  he rd ,  has  r epea t ed ly  been 

s e r o l o g i c a l l y  n e g a t i v e  f o r  BLV i n f e c t i o n .  It w a s  rechecked f r e q u e n t l y  

du r ing  t h e  s tudy  t o  a s s u r e  t h a t  i t  remained nega t ive .  

P r e p a r a t i o n  of Lymphocytes from Donor C a t t l e  -- P e r i p h e r a l  blood was 

ob ta ined  v i a  j u g u l a r  ven ipunc tu re  and t r a n s f e r r e d  t o  hepa r in i zed  tube.  Mono- 

n u c l e a r  c e l l s  were s e p a r a t e d  from r e d  c e l l s  and granulocytes  by c e n t r i f u g a t i o n  , 
. . 

over  Ficoll-Hypaque. P u r i f i e d  lymphocytes were then  washed t h r e e  t imes i n  
. . 

Hanks' balanced s a l t  s o l u t i o n  and resuspended i n  s a l i n e  f o r  i nocu la t ion .  



Process ing  and i n o c u l a t i o n  were performed on t h e  same day t o  maximize 

lymphocyte v i a b i l i t y .  For t h e  f i f t h ,  s i x t h  and seventh  i n o c u l a t i o n  of group 

A and B an imals ,  t h e  procedure was changed i n  t h a t  processed lymphocytes 

were c u l t u r e d  i n  t h e  presence  of 1% phytohemagglut inin M (PHA-M) f o r  f o u r  

hours  p r i o r  t o  i n j e c t i o n .  

I n o c u l a t i o n  Procedure -- Animals i n  groups A and B each rece ived  16  x 

6 10 lymphocytes p e r  i n o c u l a t i o n .  This  dose was evenly d iv ided  among 16  

6 i n j e c t i o n  s i t e s  w i t h  0 . 1  c c  (1 x 10 lymphocytes) adminis te red  in t r ade rma l ly  

a t  each s i t e .  A l l  i n j e c t i o n s  were g iven  i n  t h e  w i t h e r s  r eg ion ,  e i g h t  o'n each  

s i d e  of t h e  v e r t e b r a l  column. 

I n o c u l a t i o n  and Monitor ing Schedule -- The i n o c u l a t i o n  and monitor ing 

schedule  f o r  October ,  1979 - May, 1980 i s  shown i n  Table 1. Animals i n  

groups A and B were i n o c u l a t e d  seven t imes du r ing  t h i s  per iod  and a l l  an imals ,  . 

i nc lud ing  group C ,  eva lua t ed  twice.  This  e v a l u a t i o n  inc luded  complete blood 

sampling t o  de te rmine  changes i n  t h e  monitored parameters ,  and c l i n i c a l  

examination t o  d e t e c t  lymph node enlargements .  

RATIONALE FOR 1979-1980 EXPERIMENTAL PLAN 

The r a t i o n a l e  f o r  t h e  1979-1980 exper imenta l  p l an  i s  d e t a i l e d  i n  t h e  

accompanying renewal  r e q u e s t  and need no t  b e  d u p l i c a t e d  he re .  

RESULTS THROUGH MAY, 1980 

A l l  lymphocyte p roces s ing ,  i n t r ade rma l  i n j e c t i o n s  and blood ana lyses  

proposed f o r  t h e  October ,  1979 - June,  1980 pe r iod  have been s u c c e s s f u l l y  . 
. . 

c a r r i e d  ou t .  Complete blood ana lyses  i nc lud ing  BLV product ion ,  n u c l e a r  - 

pocket i nc idence ,  anti-BLV sero logy  t i t e r ,  B-ce l l  percentage  and a b s o l u t e  

lymphocyte count  have been performed twice  s i n c e  t h e  October ,  1979 i n i t i a t i o n  

of i n t r ade rma l  lymphocyte i n o c u l a t i o n .  The v a l u e s  obta ined  i n  December of 1979 
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and May of  1980, a long  w i t h  pre-experiment comparison va lues  from riar of 

1979, are summarized i n  Table 2. 

Table  1. I n o c u l a t i o n  and Blood Monitor ing Schedule f o r  October,  1979 - 
May, 1980 

Month . Procedure 

October  
November 
December 

'December 
January  
February 
March 
A p r i l  
May 

I n o c u l a t e  Animals i n  Groups A and B 
I n o c u l a t e  Animals i n  Groups A and B 
I n o c u l a t e  Animals i n  Groups A and B 
Blood Analys is  and C l i n i c a l  Examination of A l l  Animals 
I n o c u l a t e  Animals i n  Groups A and l3 
I n o c u l a t e  Groups A and B w i th  PHA-M St imula ted  Lymphocytes 
I n o c u l a t e  Groups A and B w i t h  PHA-M St imula ted  Lymphocytes 
I n o c u l a t e  Croups A and B w i t h  PHA-M St imula ted  Lymphocytes 
Dlfiad h a l y ~ i s  and 174 1n.l ral Eiiaurigation of A l l  A n i m a l s  

Analys is  of Table  2 

Bovine Leukemia Vi rus  (BLV) ,Product ion  

I n  previous  p rog res s  r e p o r t s  we have p re sen ted  evidence i n d i c a t i n g  

' t h a t  p e r s i s t e n t  1ymphocytosis .and lymphosarcoma a r e  man i f e s t a t ions  of 

i r ~ f e c t i o n  w i t h  a  C-type RNA v i r u s  des igna ted  BLV. Consequently,  throughout 

t h i s  s tudy  \!e have 'been q u a n t i t a t i n g  rhe p ~ u d u c t i o n  of t h i c  v i r u s .  : ! ~ ~ P R P .  

v a l u e s ,  ob ta ined  by e l e c t r o n  microscopic  'examinat ion of c u l t u r e d  lymphocytes, 
. . 

s e r v e  a s  a  s t anda rd  measure of each  an ima l ' s  'degree of i n f e c t i o n .  Cu l tu re s  

i n  which 5% o r  more of t h e  lymphocytes show C-type p a r t i c l e s  adherent  t o  

t h e i r  s u r f a c e ,  a r e  cons idered  h i g h l y  i n d i c a t i v e  of a n  a c t i v e  BLV inkec t iod .  

From T a h l e  2 it can b e  seen  t h a t :  a )  Group A animals  showed a  s u b s r a n r i a l  

dec rease  i n  BLV product ion.  b )  Group B animals  remained e s s e n t i a l l y  unchanged 

w i t h  r e s p e c t  t o  BLV p roduc t io r~ .  c )  Animals i n  group C remained unchanged 

w i t h  t h e  excep t ion  of 660 which showed s h a r p l y  decreased  v i ra - l ' .p roduct ion .  

d )  A l l  animals  p rev ious ly  considered i n a c t i v e  (< 5% BLV product ion)  remained 

s o  r e g a r d l e s s  of group assignment.  



Table 2. Summary of Blood Values in Groups A, B and C Animals Before and After Animals in Group A and B Received Foreign
Lymphocytes

BLV LNP RIA-BLV B-Cell Absolute· Lymphocyte
b                      c                                 d

Production Incidence Glycoprotein Titer Percentage Count. x 103

Animal Before After Before After Before After Before After Before After

Number Sex Breeda 5/79 12/79 5/80 5/79 12/79 5/80 5/79 12/79 5/80 5/79 12/79 5/80 5/79 12/79  5/80

Group A 303     F     H     38    25    21 2.0 1.5 3.4 3600 2560 3360      40    25    29      3.3    3.9    3.4

Received 652     M     J      1     1     1      0.4 0.6 1.2 1250 1280 2600       -     3     6      2.6 3.7 2.9

BLV Infected 655     F     J     67    41    17      2.1 4.0 2.9 6500 5120 4850      52    42    66 7.9 10.5    9.8

Lymphocytes 656     F     H     14    15     6 0.9 2.2 2.5 5400 3540 2905      24     6 23 4.1 3.6 3.0

658     M     H     41    27     9      1.8    1.8 1.9 2560 1600 1550      34    12    19      4.4    4.0    4.0

Group B 338     M     H      8     7     6      0.5 0.6 1.6 9500 8250 6050      24    13    10      3.1    3.3    3.2

,

Received 657     M     H      2     0     1 0.2 0.5 0.9 1065 1750 1765      10     4 18 4.1    4.0    3.3

Non-BLV 659     F     H      0     2     2      1.1 0.1 1.1 3250 3000 2340      12     5     5 4.7 4.2    4.0

Infected
Lymphocytes

--

Group C 650     M     J      7    10     9      0.4    0.7 1.7 8500 6125 9000      25     6 38 4.7    3.6    2.9

Received 660     F     H     39    25    15      1.8 1.3 2.2 6850 3800 4750      48    27    54      4.8    3.4 5.6 Ul

No Inoculum 661     M     H      6     8     7      0.6    2.1 3.3 1350 1550 1475      22     8 16 3.5    3.9    3.6

a
H = Holstein, J = Jersey

b
Percentage of cultured lymphocytes with BLV particles adherent to their surface.

  Percentage of buffy coat lymphocytes containing lymphocytic nuclear pockets.

d                                    125
Radioimmunoprecipitin assay using I-labeled BLV glycoprotein antigen.

>                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                ..:
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'4 
- ' Lymphocytic Nuclear Pocket (LNP) Inc idence  

We have shown t h a t  nuc lea r  pockets  occur  w i th  increased  frequency i n  

p e r i p h e r a l  blood lymphocytes from lymphocytot ic  and leukemic c a t t l e  a s  

opposed t o  normal. animals .  I n  a q u a n t i t a t i v e  s tudy  of LNP'S i n  bu f fy  

coa t  lymphocytes from domestic Ho l s t e in -F r i e s i an  b u l l s ,  we observed t h a t  

e l e v a t e d  LNP inc idence  (2% and above) was s i g n i f i c a n t l y  = o r r e l a t e d  w i t h  t h e  

a b i l i t y  of a n  an imal ' s  lymphocytes t o  produce C-type, BLV p a r t i c l e s  i n  

c u l t u r e .  In  a d d i t i o n ,  budding BLV p a r t i c l e s  were observed on t h e  c e l l  

s u r f a c e  of some lymphocytes con ta in ing  nuc lea r  pockets ,  i n d i c a t i n g  t h a t  LNP 

4 
con ta in ing  c e l l s  produce t h i s  v i r u s .  Because of t h e  r e l a t i o n s h i p s  between.  

LNP's, BLV product ion  and bovine l e u k o s i s ,  we have been monitor ing t h i s  

parameter i n  a l l  i nocu la t ed  animals .  

From Table 2 i t  can be  seen  t h a t  w i t h  t h e  except ion  of animal  659, a l l  

animals 'showed inc reased  LNP inc idence .  Those animals  showing a  s k b s t a n t i a l  

O 1 % )  i n c r e a s e  were evenly d iv ided  between t h e  t h r e e  exper imenta l  groups 

wi th  two animals  (303 and 656) i n  group A, one (338) i n  group B and two 

(650 and 661) i n  group C.  

~ a d i o i m m u n o ~ r e c i ~ i t i n  Assay (RIA) T i t e r s  Against  BLV-Glycoprotein Antigen 

I n  conjunct ion  wi th  the .ongoing  t r ansmis s ion  s tudy  we developed a 

s e r o l o g i c  t e s t  f o r  d e t e c t i n g  and semi -quan t i t a t i ng  a n t i b o d i e s  d i r e c t e d  a g a i n s t  

BLV a s s o c i a t e d  an t igens .  This  complement dependent immunoflucrescence t e s t  

is  used as a measure of immune response  a g a i n s t  BLV i n f e c t i o n  and t o  determine 

i f  f l u c t u a t i o n s  i n  s e r o t i t e r  can be  c o r r e l a t e d  wi th  changes i n  t h e  o t h e r  

parameters  be ing  monitored. Recent ly ,  however, a  radioinmunoassay us ing  

125~- l abe led  BLV-gly copro t e i n  became a v a i l a b l e .  This  h igh ly  s e n s i t i v e ,  

q u a n t i t a t i v e ,  s e r o l o g i c  t e s t  is  k i n d l y  be ing  provided by D r .  Mary J o  Schmerr, 



I . 
Nat iona l  Animal Disease  ~ e n t e ; ,  Arnes, Iowa. Because of i ts  much g feaze r  

s e n s i t i v i t y ,  t h i s  R I A  a s say  r e p l a c e s  ou r  irnmunofluorescence t e s t  f o r  

q u a n t i t a t i n g  s e r o t i t e r  changes i n  t h e  exper imenta l  animals .  . , 

From Table  2  i t  can be  seen  t h a t  s e r o t i t e r  a g a i n s t  BLV g lycopro te in  

a n t i g e n  has  remained extremely c o n s t a n t  i n  a l l  animals  dur ing  t h e  p a s t  year .  

I n  f a c t ,  on ly  a s i n g l e  animal  has  shown as much a s  a  two-fold v a r i a t i o n  i n  

s e r o t i t e r  du r ing  t h i s  t ime. This  group A animal  ( 6 5 2 )  developed a moderate 
. . 

(2 .08  f o l d )  s e r o t i t e r  i n c r e a s e  a f t e r  r e c e i v i n g  i n t r a d e r m a l  i n o c u l a t i o n s  

w i t h  BLV i n f e c t e d  lymphocytes. However, a  s l i g h t  dec rease  i n  s e r o t i t e r  

was observed i n  t h e  o t h e r  group A animals  showing a c t i v e  BLV product ion.  

B-Cell Pe rcen tage  
. . 

We have been s tudy ing  t h e  frequency of s u r f a c e  immunoglobulin, a  

B-lymphocyte marker ,  on p e r i p h e r a l  blood lymphocytes obta ined  from normal 

cows and cows w i t h  a  p e r s i s t e n t  lymphocy t o s i s .  I n  normal cows, approximately 

28% of p e r i p h e r a l  blood lymphocytes were, i d e n t i f i e d  a s  B-ce l l s ,  whereas 

appros imate lg  63% of t h e  p e r i p h e r a l  blood lymphocytes from cows w i t h  

p c r ~ i s t e n t  1 .y~phocy tos i s  demonstrated s u r f a c e  immunuglobulins. Thus, ou r  

r e s u l t s  sugges ted  t h a t  p r e l e u k r ~ n i c  lymphocytssis  is  due t o  an  i n c r e a s e  ia E-- 

lymphocytes. Recent ly ,  we have f u r t h e r  imp l i ca t ed  B7.1ymphocytes i n  t h e  

pa thogenes is  of bovine  lymphosarcollla by e s t a b l i s h i n g  t h a t  they a r e  t h e  

t a r g e t  c e l l s  Iuc l3LV i n f e c t i o r ~ ~ ' ~  and t h a t  t h e  lymphocytic n u c l e a r  pockets  

assoc ia ted  w i t h  BLV i n f e c t i o n  a r e  a l s o  p r e s e n t  on ly  i n  t h e  B-lymphocyte' 

subpopula t ion .8  I n  ou r  m o n i t o r i ~ l p  study wr cons ide r  a p e r s i s t e n t l y  e l e v a t e d  

R-cel l  pe rcen tage  t o  be  a r e l i a b l e  i n d i c a t o r  of p rog res s ion  toward c l i n i c a l  

l ymphosa rcu~~~a  and an ima .1~  c o n s i s t e n t l y  showing B-cell  percentages  of 40% 

o r  more a r e  regarded  a s  be ing  i n  a  preleukemic s t a t e .  



b From Table 2 i t  can be seen  t h a t  most an imals ,  i r r e s p e c t i v e  of group 

assignment,  showed some decrease  i n  B-cel l  percentage  dur ing  the  p a s t  yea r .  

Only animals  655 from group A and 650 from group C showed a s u b s t a n t i a l  

10%) i n c r e a s e  i n  t h i s  parameter.  Two animals ,  655 and 660 would c u r r e n t l y  

be c l a s s i f i e d  a s  preleukemic on t h e  b a s i s  of t h e i r  B-cel l  percentage.  

Absolute Lymphocyte Count 

It i s  widely accepted  t h a t  p e r s i s t e n t  lymphocytosis r e p r e s e n t s  an e a r l y  

precancerous s t a g e  i n  some, b u t  no t  a l l ,  c a ses  of bovine lymphosarcoma. By 

monitor ing t h e  complete blood count i n  our  i n o c u l a t e d  an imals ,  we w i l l  b e  

a b l e  t o  s e e  i f  and w h e n ' t h i s  s i g n  develops i n  r e l a t i o n  t o  changes i n  o t h e r  

parameters  s imul taneous ly  being monitored. We b e l i e v e  t h a t  t h i s  s tudy  w i l l  

demonstrate  t h a t  r e l i a b l e  and s u p e r i o r  i n d i c a t o r s  of impending lymphosarcoma 

appear p r i o r  t o ,  and o f t e n  i n s t e a d  o f ,  t he  development of a  p e r s i s t e n t  

lymphocy t o s i s .  

From Table 2 i t  can be  seen  Chat a b s o l u t e  lymphocyte counts  have 

remained r e l a t i v e l y  s t a b l e  wi th  only  animal 655 showing a  s u b s t a n t i a l  

i nc rease .  Lymphocytosis has  p e r s i s t e d  f o r  over  55 months i n  t h i s  animal 

wi th  no c l i n i c a l  s i g n s  of lymphosarcoma. 

C l i n i c a l  Observat ions 

C l i n i c a l  s i g n s  of lymphosarcoma have no t  been observed i n  any of t h e  

exper imenta l ,  BLV i n o c u l a t e d ,  animals as of May, 1980. 

Conclusions from t h e  Blood Value Monitoring Data Presented  i n  Table 2 

The l a c k  of s u b s t a n t i a l  blood v a l u e  i n c r e a s e s  i n  group A animals  dur ing  

t h e  p a s t  seven months sugges t s  t h a t  repea ted  i n o c u l a t i o n s  wi th  BLV i n f e c t e d  

lymphocytes has had l i t t l e  e f f e c t .  However, ou r  moni tor ing  d e t e c t s  only 

systemic changes r e f l e c t e d  i n  t h e  blood and does n o t  r e v e a l  l o c a l  changes i n  
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t h e  microenvironment. Given t h e  extremely long l a t e n t  p e r i o d  a s s o c i a t e d  d 

w i t h  n a t u r a l l y  o c c u r r i n g  bovine  lymphosarcoma, such sys t emic  changes cannot  

b e  expec ted  t o  occur  r a p i d l y .  Consequently,  we w i l l  n o t  t r y  t o  draw 
. . . . . . .  

conc lus ions  a t  t h i s  t ime b u t  w i l l  i n s t e a d  cont inue  w i t h  t h e  i n o c u l a t i o n s  and 

moni tor ing  as proposed i n  t h e  accompanying renewal r e q u e s t .  
. . 

. . . . . . 
. . 

' ADDITIONAL PROGRESS DURING THE 1979-19 80 CONTRACT YEAR 
. . 

Recent ly  f o u r  pape r s  r e s u l t i n g  from c o n t r a c t  suppor ted  bovine  l e u k o s i s  

s t u d i e s  have been publ i shed .  The F i r s t  e n t i t l e d ,  "T,ong Term S t a b i l i t y  

. . 
of  Blood Lymphocyte Nuclear  Pocket Inc idence  i n  C l i n i c a l l y  Normal Adult  Dairy. . 

Bul l s , "  d e a l s  w i t h  t h e  s t a b i l i t y  over  t ime of LNP i n c i d e ~ c e  i n  i n d i v i d u a l  

animals .  The second e n t i t l e d ,  "Enroot ic  Bovine f e w  Incidence  of Blood 

Lymphocyte Nuclear Pockets  i n  United S r a r e s  and Foreign n a i r y  ~ u l l s , "  

concludes t h a t  n u c l e a r  pockets  i nc idence  i s  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  

United S t a t e s  t han  i n  c o u n t r i e s  having a c t i v e  bovine  l e u k o s i s  s u r v e i l l a n c e  

d l ,  @ programs. The t h i r d  e n t i t l e d ,  " C l i n i c a l  M a r ~ i f e s t a t i o n s  of Buvine Leukosls ,  

reviews t h e  clinj.c.al  m a n i f e s t a t i o n s ,  d i a g n o s t i c  f e a t u r e s  of t h e  d i f f e r e n t  

r . l . in ica1  forms and t h e  r e l e v a n t  epidemi.oluiii :  f e a t u r e s  n,F the d i s e a s e .  The 

f u u r t h  e n t i t l e d ,  "Preva lence  and Economics of Bovine Leukosis  in the United 

S t a t e s , "  concerns t h e  p reva lence  of bovine l e u k o s i s  i n  t h e  United S t a t e s  and 

documents t h e  economic s i g n i f i c a n c e  of t h i s  d i sease .  Repr in t s  of each a r t i c l e  

accompany t h i s  r e p o r t .  . . 

PERCENTAGE OF PRPNC 1PA.L INVES'YIGBTORS TTME 

The p r i n c i p a l  i n v e s t i g a t o r  expec t s  t o  devote  approximately 15% of  h i s  

t ime on a 12  month b a s i s  t o  c a r r y  o u t  t h i s  p r o j e c t .  
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