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ABSTRACT. Here, we used a sheep bioassay to determine the effect of freezing colostrum to prevent the transmission of bovine leukemia 
virus (BLV) among neonatal calves. Leukocytes were isolated from the colostrum of a BLV-infected Holstein cow and were then either left 
untreated (control) or freeze-thawed. A sheep inoculated intraperitoneally with the untreated leukocytes was infected with BLV at 3 weeks 
after inoculation, whereas the sheep inoculated with treated leukocytes did not become infected. The uninfected sheep was inoculated again 
with leukocytes isolated from the colostrum of another BLV-infected Holstein cow after freezing treatment, and again it did not become 
infected with BLV. Finally, this sheep was inoculated with the leukocytes isolated from the colostrum of another virus-infected cow without 
freezing treatment, and it became infected with BLV at 4 weeks after inoculation. The results indicate that colostrum should be frozen as a 
useful means of inactivating the infectivity of BLV-infected lymphocytes.
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Enzootic bovine leukosis (EBL) is a contagious disease of 
cattle caused by the bovine leukemia virus (BLV), which be-
longs to the genus Deltaretrovirus in the family Retroviridae 
[17]. Most BLV infections are asymptomatic with approxi-
mately 30 to 40% of infected cattle developing persistent 
lymphocytosis (PL), while less than 5% develop malignant 
lymphosarcoma [16]. BLV infection has a worldwide distri-
bution [16]; however, several countries in Europe have suc-
cessfully eradicated BLV through changes in management 
procedures, such as test-and-slaughter control programs [1, 
14].

The first large-scale epidemiological survey of BLV 
in cattle was carried out in 1982 in Japan, and the second 
survey was conducted during 2007, evaluating a total of 
5,420 cattle from 209 farms in seven prefectures [12]. The 
survey showed that the prevalence of BLV infection was 
28.6%, a 4-fold increase compared with the previous study 
[8]. Although the reason for the spread of BLV infection in 
Japan was not clarified, it is essential to provide preventive 
measures to minimize the risk of BLV infection, as well as 

to conduct a surveillance study to identify major risk factors.
BLV infects lymphocytes and integrates a DNA interme-

diate as a provirus into the genome of the cells. The cell-free 
virus is rarely detected in vivo and is thought to appear during 
acute infection stages before neutralizing antibody produc-
tion and the period of pregnancy that cause in utero infection. 
[4]. Therefore, most BLV transmission occurs through the 
transfer of BLV-infected lymphocytes among cattle. Many 
potential routes of BLV transmission exist; however, the role 
of colostrum ingestion during natural transmission remains 
unclear. Previous studies have suggested reciprocal roles. 
Colostrum and milk from BLV-infected cattle contain BLV-
infected cells that may cause infection in neonatal calves 
from uninfected dams [6, 11, 15]. In contrast, antibodies in 
the colostrum protect against neonatal infection [10, 13, 15, 
18]. In several studies of dairy herds, the transmission rate of 
colostrum and milk in calves by 6–12 months of age was ap-
proximately 6–16% in dairy herds [7]. Feeding management 
for neonatal calves influenced the risk of colostrum ingestion 
for the transmission of BLV, although the significance of this 
risk is uncertain.

An in vitro infectivity assay for BLV has been developed 
using several monolayer cultures, such as fetal bovine lung 
cells and CC81 cells [9], in which syncytiums are induced. 
However, because of frequent bacterial content in colostrum, 
this assay is not considered appropriate for use in studies 
investigating the inactivation of BLV. On the other hand, 
sheep are highly susceptible to experimental inoculation 
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and are more prone to tumor development at a younger age 
compared with cattle, in addition to appearing resistant to the 
bacteria present in colostrum. Therefore, previous studies 
have successfully demonstrated the utility of using a sheep 
bioassay to study the frequency with which BLV and BLV 
infected cells may be detected in colostrum and milk from 
cows naturally infected with the virus [6, 11].

Both heating and freezing treatments have been consid-
ered as techniques to inactivate BLV-infected lymphocytes 
in colostrum. The effect of heat treatment has been eluci-
dated [2]; however, the effect of freezing treatment has not 
been elucidated in vivo so far. Therefore, here, we used a 
sheep bioassay to elucidate the effect of freezing colostrum 
to prevent the transmission of BLV among neonatal calves.

Recipient sheep were born at the Hokkaido Research 
Station, National Institute of Animal Health. The Animal 
Care and Use Committee of the National Institute of Animal 
Health approved all animal procedures prior to initiation of 
this study. At the start of the study, none of the sheep were 
positive for BLV antibodies based on an agar gel immuno-
diffusion (AGID) test (Kitasato Daiichi Sankyo Vaccine, 
Saitama, Japan) using the virion glycoprotein antigen. The 
sheep were housed in an insect-proof isolation facility during 
the experiments. To obtain colostrum, we conducted a serum 
survey of BLV infection in cattle at several farms and moni-
tored the BLV copy number in the lymphocytes of peripheral 
blood of pregnant cows at regular intervals. Real-time PCR 
was performed to determine the BLV copy number by using 
a CycleavePCR bovine leukemia virus detection kit (Ta-
KaRa, Tokyo, Japan). Colostrum was obtained immediately 
after parturition from a BLV-infected Holstein cow that had a 
high BLV copy number in its peripheral blood mononuclear 
cells (PBMCs) (Table 1). For the inoculum, we used cells 
isolated from colostrum, which is a more efficient and rapid 
technique compared with whole milk inoculum [6].

Two liters of colostrum was obtained from cow A, which 
were separated for the two inoculation treatments, i.e., with 
and without freezing. For the freezing treatment, colostrum 
was frozen at −25°C for one night and then thawed. One liter 
of colostrum from each of the two treatments was centri-
fuged at 2,800 × g for 15 min to remove butterfat. Then, the 
aqueous phase and pellets were suspended and centrifuged 
at 2,800 × g for a further 15 min. The pellets were suspended 
with phosphate-buffered saline (PBS) and washed once via 
centrifugation. The pellet cells were resuspended with PBS 
and were then used to inoculate the sheep intraperitoneally.

Blood samples were obtained from the sheep at weekly 
intervals, and PCR was used to detect BLV in the lympho-
cytes [5], while an AGID and passive hemagglutination 
assay (PHA) (Nisseiken, Tokyo, Japan) were used to detect 
antibodies to BLV in serum.

Sheep No.163 was inoculated with cells (approximately 3 
× 108 cells) obtained from the 1 l of untreated colostrum of 
cow A, which had 1,398 copies per 10 ng of DNA of PBMCs. 
This sheep tested positive for BLV at 3 weeks after inocula-
tion using PCR and at 5 weeks using the AGID and PHA 
tests. In comparison, sheep No. 164 was inoculated with 
cells (approximately 4.8 × 108 cells) from 1 l of freeze-thaw-

treated colostrum from cow A and remained BLV negative in 
all tests until 9 weeks after inoculation (Table 2). The BLV 
copy numbers in the untreated and freeze-thaw-treated co-
lostrum of cow A were determined by real-time PCR assay. 
The assay showed 1.5 × 106 and 1.4 × 106 copies per liter, re-
spectively (data not shown). These results suggest that BLV 
proviral DNA remained in the inoculum after freeze-thaw 
treatment. The sheep was inoculated again with cells (ap-
proximately 8.9 × 108 cells) from 1 l of freeze-thaw-treated 
colostrum from cow B, which had 611 copies per 10 ng of 
DNA of PBMCs, and remained BLV negative in all tests 
until 29 weeks after inoculation (data not shown). Finally, 
the sheep, No.164, was inoculated with cells (approximately 
4.8 × 109 cells) from 1.7 liters of untreated colostrum from 
cow C, which had 925 copies per 10 ng of DNA of PBMCs. 
The sheep tested positive for BLV at 4 weeks after inocula-
tion using PCR and at 6 weeks for the AGID and PHA tests 
(Table 3).

A recent seroepidemiological study in Japan confirmed 
that BLV is more widespread in dairy cattle compared with 
beef breeding cattle [12]. This difference is probably due to 
the common practice of feeding bulk milk to calves that are 
not protected by maternal antibodies at dairy farms [3]. For 
instance, in Brazilian dairy herds, 27.3% of calves born from 
BLV-negative dams that were fed pooled milk from BLV-
infected cows became BLV positive, whereas similar calves 
fed pooled milk from BLV-free cows remained negative. 
In comparison, 16.7% of calves born from BLV-infected 

Table 1.	 BLV copy number of the peripheral blood mono-
nuclear cells

Pregnant cow BLV copy number (per 10 ng of DNA)a)

A 1,398
B 611
C 925

a) BLV copy numbers were determined by using a Cycleave-
PCR bovine leukemia virus detection kit (TaKaRa, Tokyo, 
Japan), which quantified the copy number per 10 ng of DNA in 
total DNA isolated from peripheral blood mononuclear cells.

Table 2.	 Results of the genomic and serologic tests of sheep inocu-
lated with cells from the colostrum of cow A

Weeks after 
inoculation

163a) 164b)

PCR AGID PHA PCR AGID PHA
1 − − − − − −
2 − − − − − −
3 + − − − − −
4 + − − − − −
5 + + + − − −
6 + + + − − −
7 + + + − − −
8 + + + − − −
9 + + + − − −

a) No. 163 was inoculated with cells (approximately 3 × 108 cells) from 
untreated colostrum. b) No. 164 was inoculated with cells (approxi-
mately 4.8 × 108 cells) from freeze-thaw-treated colostrum.
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dams that received colostrum from their dams and were fed 
pooled milk from BLV-infected cows became BLV positive, 
whereas the susceptibility of similar calves fed pooled milk 
from BLV-free cows was 8.7% [15]. It has been suggested 
that colostrum and pooled milk increase the risk of BLV 
transmission, whereas the antibodies in colostrum decrease 
the risk of infection. Therefore, experiments to reduce the 
risk of infection and identify the optimal conditions for the 
treatment of pooled colostrum are required. The results of 
the current study demonstrated that the freezing treatment 
for colostrum provides a viable means of inactivating the 
infectivity of BLV-infected lymphocytes. These data could 
be used in development of an effective BLV control program 
by veterinarians and farmers.
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Table 3.	 Results of the genomic and serologic 
tests of sheep inoculated with cells from the 
colostrum of cow C

Weeks after 
inoculation

164a)

PCR AGID PHA
1 − − −
2 − − −
3 − − −
4 + − −
5 + − −
6 + + +
7 + + +

a) No. 164 was inoculated with cells (approximately 
4.8 × 109 cells) from untreated colostrum.
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