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Résumé

PROPRIETES LEUCOGENES DU BLV PURIFIE ET VOIES POSSIBLES DE TRANSMISSION
PAR LES CELLULES SANGUINES PRESENTES DANS LE LAIT. — Les résultats d'une étude de
cing ans sur {a possibilité de I'induction expérimentale de la Leucose Bovine avec du virus purifié
et différentes substances contenant du BLV ont montré que I'inoculation de veaux avec du BLV
purifié (particules d'une densité de 1,14 & 1,17 dans un gradient de sucrose 20-60 %) peut provo-
quer l'infection par I'oncornavirus et la Leucose Bovine. Parmi 41 veaux infectés expérimentale-
ment, 9 ont fait de la Leucose. Cinq de ces 9 veaux provenaient d’un groupe de 22 inoculé avec
du virus purifié. Le diagnostic de leucose chez ces 9 veaux fut porté par hématologie (3 animaux)
et par histologie (6). Le BLV a été isolé des leucocytes de tous ces animaux.

On a également montré que le développement de I'oncornavirus précéde le développement de la
Leucose Bovine, mais seulement une petite partie des animaux infectés par I'oncornavirus et pré-
sentant des anticorps ont développé des formes cliniques typiques d’hémaoblastose.

On a aussi recherché le réle du lait et des cellules sanguines qu’il contient dans la Transmission de
la Leucose Bovine. Il y avait dans le lait des structures de type oncornavirus antigéniquement
identiques au BLV, susceptibles de se reproduire dans les cellules sanguines présentes dans le
lait.

Ces résultats, ainsi que la transmission expérimentale de la Leucose Bovine chez des veaux en les
élevant avec du lait cru de vache leucosique, permet d’en déduire des voies possibles de contami-
nation naturelle.

leukocyte cultures, etc.) does not yet prove
the role of BLV (bovine leukemia virus) in the
etiology of bovine leukemia. Only reproduc-

Introduction

Successful reproduction of bovine leukemia
transmission to cattle and sheep with diffeent
materials from cattle with leukemia (blood,
lymphocytes, suspension of lymph node cells,

tion of experimental leukemia with purified
BLV or ultrafiltrates of different BLV-
containing materials can demonstrate BLV-
etiology of this disease.
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Table 1. — Results of cattle investigation

Transmission Number Clinical
materials of animals signs

Leukocyte cultures

Reverse- Antigen
Hematology ~ Structures®  wanscriptase  identity
activityt  with BLV {IDT)

Purified BLV isolated from cattle
with leukemia ................ 22 3-/22

Purified BLV inactivated by hea-
ting ... 3 1-13

BLV containing Featal Lamb

spleen culture medium ......... 12 2-12
Blood from cattle with leukemia . 2 2-12
Mycoplasma ................. 2 212
Total ... 41 6-/41
Controlanimals ............... =9 8-/8

2+122 13+/ 2+/10 7+10
3:+6
3-N13
3-13 1+/ Not 1+
2-13 tested
44012 5+/7 Not i+/
tested 1-17
2—12 2+[2 2-12 2+/2
2—12 2-12 Not 2-12
tested
6+/41 21+/ 12+ 8+/9
5—/33 2—/4 1-m
9-/9 2-19 Not Not
tested tested

3 of 1.14-1.18 g/ml density ; °: of 1.14-1.18 g/ml structures

In this connection the present investigation
was undertaken to study the possibility of
reproduction oncornavirus (BLV) infection
and leukemia in newborn cattle with purified
BLV and investigate the comparative develop-
ment of oncornavirus infection and leukemia
in cattle infected with purified BLV or different
BLV-containing materials. The present investi-
gation was also undertaken to search for BLV
in leukemic cattle milk, to study the possibility
of BLV-reproduction in cells penetrating into
milk from blood, and to demonstrate the pos-
sible role of leucocytes presenting in milk in
the transmission BLV from leukemic cattle to
healthy animals.

Materials and methods

BLV and BLV-containing materials used for
experimental reproduction of bovine leukemia

a) BLV was isolated from leukocyte cultures
and primary trypsinized cell cuitures of lymph
nodes and spleen from cattle with acute and
chronic leukemia (Parfanovich et al., 1973 ;
Zhdanov et a/., 1975, Parfanovich et al., 1977).
For experimental inoculation the structures of
1.14-1.18 g/ml density in 20/60 % sucrose
gradient, isolated from culture media, concen-
trated 2.000-5.000 times with differential and
gradient centrifugation were used. The
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in the reproduction of bovine leukemia experiment

Serology
Cultures of cells from
lymph nodes and spleen Antigen Antibody
BLV to BLV
Reverse Antigen N . Histological
Structures®  transcriptase identity IDT IDT CFT dlECIODS‘lC (‘f“’ 0gica
activity®  with BLV {IDT] lagnosis 1agnosis
6+/6 3+/ 2+12 19+/22 12+19 144119 5+/12 4+112
Not Not Not 1413 3-13 3-13 Not Not
tested tested tested tested tested
Not Not Not 3+12 §+/12 1012 Not Not
tested tested tested tested tested
2+12 Not 2+12 2+/2 2+/2 2412 2+12 2+/2
tested
1-Nn Not 1-1 - 2-12 2-12 1-Nn 1-Nn
tested 1-12
3+/ 4+/5 25+/ 23+/38 26+/38 7+/15 6+/15
3-16 1-141
Not Not Not 3+/9 9-/9 9-/9 Not Not
tested tested tested tested tested

amount of BLV injected into experimental ani-
mals was established by spectrophoto-assay.
2 ml of injected BLV (optimal dose for baby
calves) contained 35 mg of protein.

a) Purified BLV, inactivated with heating (60
°C, 30 min).

b) Ultrafiltrate of BLV-containing FLS (fetal
lamb spleen) culture medium. FLS-culture
was presented by Dr Van Der Maaten (Natio-
nal Animal Disease Center, Ames, lowa,
USA).

d) The whole blood from a cow with leuke-
mia {179.000 leukocytes ml, 96 % lymphocy-
tosis) was inoculated into 2 calves (50 ml intra-
muscularly).

e) Micoplasma isolated from the same cultu-
res as BLV.

f) BLV-containing milk from cattle with leu-
kemia was administrated by feeding.

Animals

a) For the bovine leukemia transmission
experiment 50 baby calves (1-40 days) of Esto-
nian red, Estonian black-particoloured and
Estonian aboriginal breed were used. All of
them were received from herds and farms
without leukemia. Before infection the clinical,
hematological, immunological and virological
investigation of newborn calves and their
mothers were carried out.
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Table 2. — Investigation of leukemic cattle — milk donors.

Serology IDT
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a:0f 1.14-1.18 g/mi density ; ©: of 1.14-1.18 g/ml structures ; © : of 1.14-1.18 g/ml structures with BLV.

41 calves were infected. 9 calves were retai-
ned as control animals.

b} The cattle with typical leukemia were
used for isolation of BLV {Parfanovich et a/.,
1974 : Zhdanovet al., 1974) and as donors of
milk {Parfanovich et a/., 1978). The characte-
ristics of leukemic cattle-donors of milk is des-
cribed in Table 2.

Organization of experiment on bovine leuke-
mia reproduction

The experimental inoculation of baby cattle
with purified BLV and other BLV-containing
materials were carried out on the base of the
Estonian Agricultural Academy (Tartu) in
1973-1974. The purified BLV was inoculated
into 22 baby calves intravenously, intraster-
nally, in the area of preshoulder iymph-nodes,
subcutaneously, etc. ; 3 calves recieved puri-
fied BLV inactivated ; 13 baby cattle received
the ultrafiltrate of BLV-containing FLS-culture
medium (150-250 ml) intraperitoneally ; the
whole blood from leukemic cattle was injected
2 calves (50 ml) intramuscularly. Micoplasma
was inoculated in 2 animals into lymph nodes.

The transmission experiment with milk from
leukemic cattle was based in the Belotser-
kovsky Agricultural Institute (Belaya Tserkov)
in 1970. 3 groups of baby-calves were used :

The 1st group (animals N° 1 and 2) were born
from leukemic cows and fed with milk of the
same COws.
The 2nd group (N° 3 and N° 4 animals) were
born from healthy cows but fed with milk of
leukemic cattle.

The 3th group (N° 5 and N° 6 animals) were
born from leukemic cattle and fed with milk of
healthy cow.

All experimentally inoculated animals were
studied with regularity (3-4 months) by clini-
cal, hematological, virological, serological and
molecular-biological methods, and in the case
of enforced or diagnostic slaughter by pathoa-
natomical and histological test.

The methods of investigation of cattle with
leukemia, experimentally inoculated and
healthy control animals

Cell lines

a) Short term cultures of leukocytes. Blood
was collected from jugular vein over EDTA or
heparine. Leukocytes were isolated by techni-
que of Odajima and Sonoda (1971). the
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amount of cells was about 3.0 x 10%/ml of
Eagle MEM with 20 % fetal calf serum.

b) Primary trypsinized cell cultures of lymph
nodes, spleen and kidney were prepared in the
case of enforced or diagnostic slaughter. They
were propagated in Eagle MEM-199 medium
with 0.5 per cent hydrolysate of lactalbumin
equal volumes and 10-20 per cent of calf
serum,

c) Short term cultures from cells, isolated
from milk. Milk was diluted with 0,83 ammo-
nium chloride in equal volume and this mixture
was centrifuged 2.000 rpm for 10 min. the pel-
let was resuspended in 30 % Eagle MEM,
30 % 199 medium and 30 % of 0.5 % hydroly-
sate of lactalbumin with 10 % of calf serum
and washed off twice in the same medium by
the same centrifugation procedure. The
amount of cells were 3-4 x 10 in ml.

All cell cultures contain 1.000 units of peni-
cillin and 1.000 mg of streptomycin per ml of
medium.

Labelling, isolation and purification of BLV
from cell cultures medium in sucrose gra-
dient

For the study of RNA-containing viruses the
cell-cultures were labeled with *H-uridine (10-
20 mCi/ml, specific activity 26 Ci/mmol) for 24
hours. The culture medium was collected, cell
debris was removed by centrifugation at
15,000 x g for 20 minutes, and the virus was
sedimented at 100,000 x g for two hours. the
pellet was collected, resuspended in THE-
buffer (Tris-HCI 0.01M pH 7.4 ; NaCl O.1m,
EDTA 0.001M) layered onto a linear sucrose
density gradient 20-60 per cent (w/w) and
centrifuged in a SW 27.1 rotor of a Spinco L-
575 centrifuge at 25,000 rpm for 3 hours. The
gradient fractions were collected in a LKB
fractionator and the radioactivity od the acid
insoluble material was measured in a Packard-
Tricarb liquid scintillation counter. Unlabeled
virus for electron microscopy, reverse trans-
criptase reaction and for experimental inocula-
tion of animals was also concentrated and
purified as described above.

Isolation of BLV from milk

Isolation of structures of 1.14-1.18 g/ml
density from milk carried out by the method of
Moore (1972) in modification of Schlom and
Spiegelman (1971) and by Howk (1973).

Isolation and analysis of BLV RNA

3H-uridine-labeled virus was purified in 20-
60 per cent sucrose density gradients. The
fractions with density of 1.14-1.18 g/ml were

negative
suspicions
positive

bt
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Fig. 1. — Results of bovine leukemia transmission
experiment on cattle.
A. Results of investigation of all experimentally
inoculated animals.
B. Animals, experimentally inoculated with
purified BLV.
C. Animals, inoculated with BLV-containing
FLS culture medium (celle free).
D. Animals. inoculated with inactivated by
heating purified BLV.
E. Animals, infected with the whole blood of
leukemic cattle.
F. Animals, infected with purified mico-
plasma.
The digits show the number of animals.
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Fig. 2. — Results of haematological, virological and
immunological investigation of cattle No. 48,
49, 53, 60, experimentally inoculated with BLV-
containing FLS culture medium.

Abscissa — lymphocytosis (thousands/ml).
Ordinate — time after beginning of experi-
ment (months).

(o) production of BLV by short term leukocy-
tes cultures

(A) beginning of the appearance of BLV-
antigen in serum

(A) beginning of the appearance of antibody to
BLV in serum.
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collected, diluted with the buffer to a density
of 1.10 g/ml and the material was pelleted at
15,000 x g for 1 hour. RNA was extracted
with phenol and sodium dodecyl sulfate. and
studied in sucrose density gradient 10-30 per
cent (w/v).

Reverse transcriptase assay

To study the enzymatic activity of the extra-
cellular virus the latter was isolated from non-
labeled cultures as described above. The mate-
rial from sucrose gradient fractions with a den-
sity of 1.14-1.18 g/ml was pelieted and used in
the reverse transcriptase reaction. The reac-
tion was performed with endogenous tem-
plate and also with an exogenous template
oligo (dT).poly (rA).

The incubation mixture for the reaction with
endogenous template contained in 1mi : 10
umole pH 8.3 Tris-HCI, 150 umole NaCl, 5
umole MgCl, (or 0.125 ymole MnCl,), 5 umole
dethiothreitol, 0.015 per cent non-ionic deter-
gent NP-40, 0.1 umole of each deoxynucleo-
side triphosphate, dATP, dGTP, dCTP, 10
uCi*H-TTP (specific activity 16 Ci/mmole),
and virus 35-50 ug of protein. The reaction was

stopped by the addition of 10 volumes of 10
per cent TCA in 0.1M pyrophosphate.

The incubation mixture for the reaction with
exogenous template contained in 1 ml: 50
umole Tris-HCI, pH 7.8, 60 umole KCI, 5 umole
MgCl, (or 0,125 umole MnCl,), 2 umole
dithiothreitol, 0.05 per cent Triton X 100,
oligo {dT) : poly (rA) 0.02 A,s, 1 uCi3H TTP,
virus 35-50 ug of protein.

We also have studied the intracellular viral
reverse-transcriptase activity (synthesis of 3H-
TTP product) associated with 70-60S RNA as
described by Schlom and Spiegelman.

Study of morphology and viability of cells pre-
senting in milk

Thick smears were prepared from cells pre-
senting in milk as described by Kondrakhina
(1977, 1978). They were fixed by methanol (5
min) and stained by Romanovsky-Gimsa. For
study the viability of cells the tripan-blue stai-
ning (0,4 % pH 7,5) was used.

For the same purpose the precursor of DNA
synthesis 3H-thymidine was added to short-
term milk cell cultures.

Fig. 3. — Lympholeukosis.

A. Kidney of three years cattle No. 1, inoculated with purified BLV at the age of 10 days. Diffuse and

local lymphocells infiltration ( x 130).

B. Heart muscle of 3 years cattle No. 11 inoculated with purified BLV at the age of 10 days.

Infiltration of tymphoid cells { x 260).

C. Liver of two years cattle No. 18 inoculated with the whole blood of leukemic cattle at the age of
12 days { x 260). Staining with hemato xylin-eosin.
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The immunodiffusion test (IDT)

The IDT was carried out for detection of
BLV-antigen and antibody to BLV Piates con-
tained 0,8-1,0 % agarose gel in 0,05M Tris HCI
pH 7,2 with 0,85 % NaCl (Miller et a/., 1974 ;
Ressang et al., 1974, 1975 ; Miller and Van Der
Maaten, 1976). The antigen consisted of puri-
fied BLV (structures of 1.14-1.18 g/ml in 20-
60 % sucrose gradient) isolated from BLV-
containing culture medium FLS, FLK (fetal
lamb kidney} and FBT (fetal bovine thymus)
and treated with Tween-80 and ether.

Rabbit anti-purified BLV serum was prepa-
red by immunization of rabbit into popliteal
lymph-node with Freund’s adjuvant. This
anti-BLV rabbit serum was absobed with fetal
calve serum and its specificity was demonstra-
ted in IDT with reference antigen from the
National Animal Disease Center, Ames, lowa

[} Ne 49
9
6
{130
4 41,25
420
w2 11,15
'D
= 11,10
=
&
by § N26o
g 6
g 11,30
2o {128
x
” 11,20
2 Jiis
1,10
e 8 Y & L
5 10 15 20 25 5 10 15 20 25
Fractions
Fig. 4. — Density distribution in 20-60 % sucrose

gradient of ;H-uridine labelled structures from

short term leukocyte cultures medium of calf

No. 16, experimentally inoculated with purified

BLV (A) and control calf No. 14 (B) and also

primary cell cultures of lymph node of the same

animals — calf No. 16 (C) and No. 14 (D).

(@) antigenical identity with BLV.

{®) reverse transciptase activity.

The conditions of centrifugation : 24.000 rpm,
4 hours, 4 °C, rotor SW 25,1 of Spinco

L5-75 (« Beckman », USA).
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(Parfanovich et al., 1976 ; Zhdanov et al.,
1976).

Micro-complement fixation test

This test was applied as described earlier
{Miller et a/., 1974, in the modification of Res-
sang et al., 1976). The antigen also consisted
of purified BLV structures with 1.14-1.18 g/mi
density, isolated from FLS, FLK and FBT and
treated with Triton X-100.

Results

The experimental reproduction of oncornavi-
rus {BLV) infection and bovine leukemia in
calves with purified BLV and others BLV-
containing materials (Table 1 and Figs. 1, 2,
3,4 5 6}

The clinical investigation of experimentally

} B
8
1,30
1,25
120
E 1,15
e 1,10
>
€
S
o
= 6L
5
=
30
- 4L
-
2L
R 7S Y .
4 8 12 16 20 4 8 12 16 20
Fraclions
Fig. 5. — Density distribution in 20-60 % sucrose

gradient of ;H-uridine labelled structures from
short therm leukocytes cultures medium of
calves No. 48, 49, 53 and 60, experimentally
inoculated with BLV containing FLS cell
culture medium (cell free).

(o) antigenical identity with BLV.

The conditions of centrifugation as in Fig. 3.



M.I. PARFANOVICH E£T AL,

788

- - - - - - - - - (998 0E-0Z ‘Do 9L-bL) Aliw pasunaised

|

** (S|ewiue Z) 813ed Ayljeay wol Y|l Mey

1+ + O
0°€-L'T xapul)
L UM+ . . . N _ . . . e e (sjewiue
G) elwadns| UM BIED WOl YW Mmey
YNH S0/-0g  saimanns AT8 yum $aimanis Ausuap Alg 0 AT yum sainonils Ausuap steLsIey
Jum wB gL 1-p1L  samonns  (WB BLL-pLL b g-prr Apognuy samonns B gL L-vL L b gLypyy L
pajeraosse woy Wb gLi-y1y {0 jo Wb gL iyLy {0 10
Auanae YNH S0/-09 0 Aunnse T DRI 10 Auanoe $3INJNIIS
ase1duasuen Aizuapt asexdusuen Anuapi aseiduasuel
mm_.m\sm -uabinuy -8s18nay -uabinuy ENETET]
i u
Bunuaesaid yjw uy
sfj80 Bunuasaid sayj8d jJo sainyno uoneBiseau) Apoeap yjiw jo uoneBiseau|
uoieBussau|

"EIWBNNS| YIM 313D JO NIl Ul Yoseasals AH — 'S 9/q8L



BLV LEUKOGENICITY AND ITS TRANSMISSION WITH MILK 789

inoculated cattle demonstrated some retarda-
tion in common development in comparison
with control animals. Some cattle had remar-
kable enlargement of lymph nodes : retro-
pharyngeal, cervical, prescapular, popliteal,
supraudder, etc. Some of them had double
exophtalmos.

The haematological investigation showed
subleukemic tendency to disease in the case of
most experimentally inoculated animals. Only
some cattle experimentally inoculated with
BLV-containing FLS culture medium, had leu-
kocytosis {16.000-19.000 in ml) and lymphocy-
tosis (74 %-86 %) (Fig. 2), already present in
150-200 days after infection. The histological
investigation of lymph nodes, spleen, marrow,
heart, liver of 15 animals, killed three years

Fig. 6. — IDT demonstration of antigenical identity
of BLV isolated from cattle, experimentally
inoculated with purified BLV and BLV, isolated
from spontaneous leukemic cattie.

The wells 1, 2, 3 — rabbit antiserum to
disrupted BLV, absorbed with normal calf
serum.

The wells 4, 6 — disrupted BLV structures of
1.14-1.18 g/ml density, isolated from experi-
mentally inuculated calves No. 18 and No. 34.
The well 5 — normal calf serum.

The well 7 — disrupted BLV structures of
1.14-1.18 g/ml density isolated from sponta-
neous leukemic cattle.

post infection, confirmed that 6 cattle had
lympholeukosis. 4 of them were inoculated
with purified BLV and 2 with the whole blood
of leukemic cattle (Fig. 3). 2 of 15 animals
were suspicious.

Both the short-term leukocyte cultures and
primary trypsinized cell cultures of lymph
nodes, speens and kidneys of most of the
experimentally inoculated animals produced
structures of 1.14-1.18 g/ml density in 20-
60 % sucrose gradient in the culture medium.
The structures possessed reverse transcriptase
activity and were antigenically identical to BLV
(Fig. 4, 5, 6). These oncornavirus structures of
1.14-1.18 g/ml density have a high molecular
weight RNA with a sedimentation constant of
about 60-70S and also some slow sedimenting
components.

Reverse transcriptase activity associated
with 60-70S RNA of intracellular virus was tes-
ted in short term leukocyte cultures, primary
trypsinized cultures of lymph nodes and
spleen and also in leukocytes of blood.

By using the immunodiffusion test and rab-
bit anti-BLV serum it was demonstrated that

Fig. 7. — Study of antigenical identity of 1.14-
1.18 g/ml density structures isolated from milk
of leukemic cattle (hollow No. 1 and 2), from
milk of healthy cattle (No. 3), milk from trade
{No. 4) and boiled milk of leukemic cattle
(No. 5).

The central well — rabbit anti-BLV serum
absorbed with normal fetal calf serum.
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the serum of 25 experimentally inoculated ani-
mals contained specific antigen, but only the
sera of 5 animals with histologically confirmed
diagnosis of lympholeukosis has this antigen
constantly. The antibodies were not regularly
found in serum of experimentally inoculated
animals. 23 cattle had antibodies as it was
shown by immunodiffusion test, and 26 cattle
also had antibodies as demonstrated by com-
plement fixation test.

2. BLV presence in leukemic cattle milk [ and
its reproduction in blood cells presenting in
milk.

The leukemic milk donor cattle had 20.000-
123.000 leukocytes in mi of blood and
lymphocytosis was about 86-92 %. The short
term leukocytes cultures of these milk-donors
produced, in the culture medium, structures
of 1.14-1.18 g/mi density in sucrose gradient
that possessed reverse-transcriptase activity
and antigen identical with BLV. Reverse trans-
criptase activity associated with 60-70S RNA
was tested in leukocytes. The serum of donor
cattle contained BLV-antigen and antibodies
to BLV (Table 2).

The investigation of leukemic cattle milk
demonstrated the presence of BLV in it.

708 358

UTTP(cpm x 107
~N

Fractions

Fig. 8 — Sedimentation profiles of ,H-TTP labeled
product of reverse-transcriptase reaction with
intracellular structures of milk cells from
leukemic cattle — milk donors (A} and healthy
control cattle (B).

{O_O) without RNA-ase treatment

(®@__®) with RNA-ase treatment

Condition of centrifugation : 38.000 rpm, 3
hours, + 28 °C, in rotor SW40 of Spinco
L575 (Beckman, USA).

Structures of 1.14-1.18 g/ml density were
antigenically identical to BLV by IDT (Fig. 7).
The reverse transcritase activity of these struc-
tures was weakly positive. Index of the reac-
tion was sometimes 2.7-3.0, but more often
2.0-2.1 (Table 3).

The study of healthy cattle raw milk and
pasteurized milk from retail trade gave nega-
tive results.

The antibody to BLV was not found in leu-
kemic nor in healthy cattle milk.

It was found that milk of both healthy and
leukemic cattle contain different cells, such
as : epithelial, mioepithelial, foamy cells, his-
tiocytes, macrophages, neutrophils, eosino-
philes, lymphocytes and also free nuclei.

The amount of blood cells in milk of leuke-
mic cattle was about 36.000-40.000/ml i.e.
25 % of the total. The amount of the cells in
milk varied and depends on the amount of leu-

The amount of lymphocytes
{thousands mi}

0 6 12 18 24 30 32 34 48 54 60 60 72 78
Aqe of animals (monthes)

Fig. 9. — Results of haematological, virological
and immunological investigation of cattle
No. 1, No. 3, and No. 5 from the bovine leuke-
mia transmission experiment by feeding colos-
trum and milk of leukemic cattle.
Abscissa — lymphocytosis (thousands/ml).
Ordinate — time after beginning of experiment
{months).
(o) production of BLV by short term leukocy-
tes cultures
(V) discovery of BLV-antigen
(V) discovery of antibody to BLV
The cattle No. 1 was not tested virologically
serologically.
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kocytes and per cents of lymphocytes in
blood.

By vital staining with Tripan-Blue the viabi-
lity of most of the cells presenting in milk was
demonstrated. Labelling of the cells with
DNA-synthesis precursor 3H-thymidine confir-
med this. Short boiling (1-2 sec.) of milk, as a
rule leads to an increase of dead cells.

The short-term cultures of leukemic cattle
milk cells produced 3H-uridine labelled struc-
tures of 1.14-1.18 g/ml density. The identity
of them with BLV was shown by IDT. the
reverse transcriptase ability of these unlabelled
structures was rather weak and Mn**-
dependant. The reverse transcriptase activity
associated with 60-70S RNA in the homoge-
nate of leukemic cattle milk cells was more
definite (Fig. 8).

The cell cultures of healthy cattle milk did
not produce oncornavirus structures.

3. The experiment of bovine leukemia trans-
mission by feeding baby-calves with colos-
trum and milk.

The animals of the first group {N°1 and
N° 2}, which were born from leukemic cattle
and fed with colostrum and milk of their
mothers in 16-18 months after beginning of
this experiment had typical bovine leukemia
changes in blood. One of these animals died at
two years old and the other died at seven years
with leukocytosis (50.000-86.000 in ml) and
lymphocytosis (80-90 %). Histological study
of the materials from both of them confirmed
the diagnosis of bovine leukemia. Unfortuna-
tely the virological and serological study was
not carried out on the blood lymphocytes and
serum of cattle N° 1 and N° 2.

The animals of the second group (N°3 and
N°4), that were born from healthy cows, but
fed with colostrum and milk from leukemic
cows had lymphocytosis to 90 % at the age of
two years. In the subsequent years these ani-
mals had typical bovine leukemia blood chan-
ges. The short term cultures of blood leukocy-
tes of these animals produced BLV (the oncor-
navirus structures of 1.14-1.18 g/ml density,
possessing rather slow reverse transcriptase
and Mag**-dependant activity and being
antigenically identical to BLV). The serum of
these cattle had BLV antigen and antibody
(Table 4, Fig. 9). 6 years after beginning of
these transmission experiment the animals
N°3 and N° 4 were killed and investigated by
virological and histological methods. The pri-

mary trypsinized cultures of lymph nodes and
spleen also produced BLV. Histological chan-
ges confirm the diagnosis od lymphoid leuko-
sis.

The animals of the third group (N°5 and
N°6) that were born from leukemic cattle but
fed with colostrum and milk of healthy animals
had slight changes of leukocytosis and
lymphocytosis during the first three years. In
the following years the amount of leukocytes
and per cent of lymphocytes became stable
within the normal limit. The short-term leu-
kocytes and primary trypsinized lymph nodes
cultures did not produce BLV. The BLV anti-
gen and antibody in the serum were not
demonstrated {Table 4).

Discussion

The attempts to transmit experimental
bovine leukemia by using different materials of
leukemic cattle were made by many investiga-
tors and most of them obtained positive
results (Rosenberger et al., 1968 ; Miller et al.,
1972, Hoss and Olson, 1974, Olson et al.,
1972, 1973 ; Wittman and Urbanek, 1969 ;
Ressang, 1976 ; Filatov et a/., 1976). But for
establishment of BLV's role in etiology of
bovine leukemia it is necessary to obtain posi-
tive transmission experiments using purified
BLV.

Our results of a five years bovine leukemia
transmission experiment demonstrate that
inocuation of purified BLV (the structures of
1.14-1.18 g/ml in 20-60 % sucrose gradient},
isolated from leukemic cattle, and also other
BLV-containing materials (BLV-containing
FLS culture medium free of cells, blood of leu-
kemic cattle) lead to bovine leukemia repro-
duction in some animals. In our experiment
there were 9 cattle with bovine leukemia of 41
experimentally inoculated. The diagnosis of
bovine leukemia was confirmed by histologi-
cal investigation in six cases. Four animals of
these six cases were infected with purified
BLV and two with whole blood. The diagnosis
was established in three cases of nine animals
hematologically. BLV was reisolated not only
from these nine animals, but also from most of
the experimentally inoculated animals.

But our results show comparatively low
oncogenity of purified BLV. Only five animals
became ill out of 22 experimentally inoculated
with purified BLV. Perhaps, this is connected
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with conditions of BLV purification as the
reverse-transcriptase activity of purified BLV
was also rather low.

Nevertheless these data to a certain degree
confirm the role of BLV in the etiology of
bovine leukemia and the possibility of a hori-
zontal route of BLV transmission from leuke-
mic to healthy cattle.

These results also show that the appearance
of typical signs of bovine leukemia (hematolo-
gical and histological) precede the develop-
ment of oncornavirus infection tested by the
methods of molecular-biological and immuno-
logical assay (appearance of BLV structures in
leukocytes and cells of lymph nodes, spleen ;
appearance of BLV antigen and antibody to
BLV in serum). But it is necessary to point out
that only small per cent of cattle — virus car-
riers and cattle with antibody becamse it with
hematological and histological expression
of hemoblastosis.

Miller et a/. (1972), Olson et al. (1975) sho-
wed that development of lymphocytosis in
experimental cattle, inoculated with culture
medium, was preceded by the appearance of
C-type particles in lymphocytes, tested with
electron microscopy. Van Der Maaten (1974)
also demonstrated that some cattle, experi-
mentally inoculated with BLV-containing cul-
ture medium had C-type particles in leukocy-
tes {as was shown by electron microscopy}
and antibody to BLV in serum (IDT). Although
none of the experimentally inoculated animals
had clinical nor hematological signs of bovine
leukemia.

Some cattle had a subleukemic tendency to
disease. They did not show any signs of
disease during several years. In some cases
the appearing signs of disease, for example
hematological changes, regressed and only
histological investigations of some of these
animals, killed for diagnostic purpose revealed
the signs of bovine leukemia. This is in accor-
dance with bovine leukemia transmission
experiment on cattle inoculated with cells of
lymphosarcoma (Olson et al., 1973).

These data confirm the supposition that
bovine leukemia transmission experiments can
give results only in several years. This is in
accordance with the revealing of the sponta-
neous bovine leukemia in cattle of 5-7 years.

Some negative results can be explained not
only by low leukogenity of purified BLV but
also an insufficiently long period {(only 5 years)

of investigation of experimentally inoculated
animals.

The possibility of bovine leukemia transmis-
sion to calves and sheep with milk was suppo-
sed by many investigators. First of all this sup-
position connects with revealing of C-type
particles in milk of leukemic cattle (Dutcher
and Larkin, 1964 ; Nazerian et al., 1968 ;
Schulze et al., 1966 ; Rampichini et a/., 1975
etc.)

Later these theoretical premises received
the first experimental confirmation in trans-
mission experiments on calves (Weinhold and
Straub, 1968 : Straub, 1969, 1971, 1974 ;
Hinze and Hull, 1976 ; Doronin et al.,
1977 ; Shickov et al., 1976). McClure et al.
(1974) demonstrated the development of leu-
kosis in chimpanzee, fed with milk of leukemic
cattle. But interpretation of these results is
very difficult, because experimenta! animals
were not investigated with virological, immu-
nological methods and BLV also was not isola-
ted from them.

The significance of all the abovementioned
experiments on calves and monkeys is also
reduced because the milk used for experimen-
tal feeding was not investigated the presence
of BLV.

Our results obtained by the use of
molecular-biological and immunological
methods demonstrate the presence of BLV in
milk and BLV reproduction in cells presenting
in milk of leukemic cattle.

The reverse transcriptase activity of BLV
structures of 1.14-1,18 g/ml density, isolated
from milk and also from short term milk leu-
kocyte culture was rather low. Perhaps it is
connected not only with conditions of purifi-
cation of BLV but more with the presence of
inhibitors of RNA-dependent DNA-ase in milk
{McCormick et al., 1974 ; Furmanski et al.,
1976 ; Sanner, 1976).

It was shown also that milk of healthy and
leukemic cattle contains epithelial, myoepithe-
lial cells, foamy celis, histiocytes, macropha-
ges, neutrophils, eosinophiles, lymphocytes
and also free nuclei. The amount of blood cells
was about 36.000-40.000/ml! of mitk (25 % of
the total amount). The most of these cells
were alive as demonstrated by vital staining
with tripan-blue and by using a precursor of
DNA-synthesis 3H-thymidine.

It was shown that short term boiling of milk
disturb the viability of cells in milk and their
ability to produce BLV.
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It was also demonstrated that oncornavirus
infection tested in cells presenting in milk was
the same and connected with oncornavirus
infection revealed in blood leukocytes. So, the
supposition was made that reproduction of
BLV takes place in leukocytes presenting in
milk of leukemic cattle.

The abovementioned data on the investiga-
tion of leukemic cattle milk and positive results
of bovine leukemia transmission experiment
by feeding calves with leukemic cow milk con-
firm the possibility of BLV transmission from
leukemic to healthy cattle by feeeding with
raw milk.

Summary

The results of five years studies on the possibility of experimental induction of bovine leukemia
with purified BLV and different BLV-containing materials demonstrated that inoculation of calves
with purified BLV (structures of 1.14-1.17 g/ml density in 20-60 % sucrose gradient) can induce
oncornavirus infection and bovine leukemia.

From 41 experimentally infected calves 9 showed evidence of bovine leukemia. 5 of these 9 ani-
mals were from a group of 22 calves inoculated with purified BLV. Diagnosis of bovine leukemia
in these 9 animals was established by hematologic (3 animals) and histologic method (6 animals).
BLV was isolated from leukocytes of all of them.

It was shown also that before the development of bovine leukemia the development of oncor-
navirus infection takes place. But only a small part of the animals with oncornavirus infection and
presence of antibodies became ill with typical forms of hemoblastosis.

The investigation of the role of milk and blood cells in milk in bovine leukemia transmission was
also carried out. The presence was demonstrated of oncornavirus structures antigenically identi-
cal with BLV in milk and reproduction of these structures in blood cells being present in milk.

These results, and also the induction of bovine leukemia, in cattle by rearing with raw milk from
cattle with leukemia, allow us to suppose the possible routes of bovine leukemia transmission in
nature.
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