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Abstract

Background: Bovine leukemia virus (BLV) is the causative agent of enzootic bovine leukosis (EBL). The incidence of
EBL in Japan is increasing annually; and the cases of EBL in cattle younger than 2 years old has been reported.
Therefore, it is vital to find a method to control BLV infection, especially in young calves. In this study, to evaluate
the protective ability of colostral antibodies against BLV infection, as well as the potential for BLV infection
mediated by colostrum/milk, we investigated temporal fluctuations in the anti-BLV antibody titer and BLV proviral
load (PVL) in colostrum/milk and peripheral blood of six infected dams during lactation. The association between
PVL and antibody titer in colostrum and peripheral blood was then investigated using samples from a further
twenty-seven cattle. Antibody concentrations were measured with a Syncytium-induction Inhibition Assay using
colostral/milk whey and serum. PVL in peripheral blood and colostrum was measured by real-time PCR.

Results: Colostral antibodies showed high inhibitory activity until day 3 of lactation. The antibody titer and PVL in
peripheral blood showed lesser changes than those in colostrum/milk throughout lactation. The colostral
antibody titer was significantly higher than the serum antibody titer in all samples, whereas the colostrum PVL
was significantly lower than the blood PVL. The blood PVL showed a significant correlation with serum antibody
titer, colostrum PVL, and colostral antibody titer. However, there were no major correlations between the serum
and colostral antibody titers.

Conclusions: This is the first report investigating the temporal changes in colostral antibody titer in terms of
inhibiting BLV infection in vitro. The results of antibody detection by Syncytium-induction Inhibition Assay
suggested that the protective activity of the colostral antibodies against BLV infection would be conferred by
anti-BLV gp51 antibody. The high antibody titer of colostral whey suggests that colostral whey could be a
potential source of antibodies with a low risk of infection in neonatal calves.
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Background
Bovine leukemia virus (BLV), a member of the family
Retroviridae, is the causative agent of enzootic bovine
leukosis (EBL). BLV infection is highly endemic in
Japan [1]; despite of the low incidence of EBL (0.1–10%
of BLV-infected cattle), the number of cattle diagnosed
with EBL has increased in recent years. A nationwide
investigation of the seroprevalence of BLV from 2009 to

2011 revealed that more than 20% of dairy cattle were
already infected with BLV at less than 1 year old [1]. Al-
though tumors caused by BLV are typically seen in ani-
mals over 3 years of age [2], infected calves have the
potential to be affected by EBL at a younger age. Re-
cently, several cases of EBL in cattle younger than 2
years old were reported in Japan [3]. The loss of young
successor or fattening cattle can cause major economic
damage to farms. Even if they are not affected by EBL,
these animals would shed the virus within the farm for
a longer time than cows infected at an older age.
Therefore, preventing BLV infection in calves is vital
for preventing the spread of the virus and reducing its
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economic impact. The target cells of BLV in cattle are
B lymphocytes; thus, the blood, colostrum, and milk of
infected cattle are known to be the major sources of in-
fection [2, 4, 5]. On the other hand, several studies re-
ported that anti-BLV antibodies found in the colostrum
of BLV-infected cattle could protect newborn calves
from BLV infection, both in vivo by experimentally in-
fecting calves with BLV and through prospective studies
without artificially infecting calves [6–9]. However, the
mechanism of protection in the colostrum from in-
fected dam is not clear, and its importance as an infec-
tion source has never been examined in vitro. Thus, the
applicability of colostrum from infected dams to pre-
vent BLV infection in neonatal calves remains contro-
versial. In this study, to evaluate the protective ability
of colostral antibodies against BLV infection, as well as
the potential for BLV infection mediated by colostrum/
milk, we investigated the fluctuations in the antibody
titer and proviral load (PVL) in the colostrum/milk and
peripheral blood of infected dams during the lactation
period. Moreover, the association between PVL and the
antibody titer in the colostrum and peripheral blood
were investigated.

Results
Fluctuations in BLV antibody titer and PVL in colostrum/
milk
The changes in antibody titer, somatic cells (SCs) count
(SCC), and PVL in cattle colostrum/milk in experiment
1 are presented in Fig. 1. The antibody titer was highest
at day 1 and 3 of lactation, decreased drastically from
day 5, and became undetectable from day 7 until the
end of sampling. SCC also achieved a peak at day 1 and
3 of lactation in three of six infected cattle and three of
four non-infected cattle; levels were maintained at under
4.5 × 106 cells/ml from day 5 in all cattle, except one in-
fected cow, which showed levels of almost 2.0 × 106

cells/ml at 1 month into the lactation period. Low levels
of BLV proviral DNA were detected in infected cattle
until day 7 of lactation, but concentrations were un-
detectable or 0.9–1 copy/10 ng DNA from day 14 until
the end of the sampling period. The non-infected cattle all
showed negative results for both Syncytium-induction In-
hibition Assay (SIIA) and real-time PCR.

Fluctuations in BLV antibody titer and PVL in blood
The changes in the antibody titer, PVL, and number of
lymphocytes in the blood of cattle in experiment 1 are
presented in Fig. 2. The antibody titers in the sera of in-
fected cattle ranged from 16 to 512 throughout the
study period; no major decreases or increases were ob-
served. The number of lymphocytes was approximately
constant in each sample throughout the study period,
ranging from 28.8–121.1 × 102 /μl in infected cattle,

and 21.7–47.7 × 102 /μl in non-infected cattle. Fluctua-
tions were observed in blood PVL, but levels were
maintained at 0.7–3.1 × 103 copies/10 ng DNA throughout
the study period. The non-infected cattle all showed nega-
tive results for both SIIA and real-time PCR.

Antibody titer and PVL in colostrum and blood samples
The colostral antibody titers from the twenty-seven in-
fected cattle in experiment 2 ranged from 64 to 1024
(mean value: 644.7), whereas the serum antibody titers
ranged from 16 to 512 (mean value: 134.5). The antibody
titer in colostrum was significantly higher than that in
blood (p < 0.05) (Fig. 3a). Proviral DNA was detected in
74.1% (20/27) of cattle in experiment 2. The PVL in
colostrum ranged from 0 (not detected) to 254.6 copies/
10 ng DNA (mean value: 21.6 copies/10 ng DNA), while
that in blood ranged from 0.1 to 4363.3 copies/10 ng
DNA (mean value: 1166.1 copies/10 ng DNA). The PVL
in colostrum was significantly lower than that in blood
(p < 0.05) (Fig. 3b).

Correlation between PVL and antibody titer in blood and
colostrum
The correlations between PVL and antibody titer in
blood and colostrum are presented in Fig. 4. Statistical
analysis indicated that PVL in the blood showed a sig-
nificant correlation with serum antibody titer, colostral
antibody titer, and PVL in colostrum (p < 0.05). The
correlation coefficients (r) between blood PVL and
serum antibody titer, colostral antibody titer, and colos-
trum PVL were 0.69, 0.59, and 0.53, respectively. How-
ever, a significant correlation was not found between
colostral antibody titer and serum antibody titer (r = 0.37,
p = 0.06), and PVL in colostrum (r = 0.57, p = 0.06).

Discussion
To evaluate the protective ability and infectivity of col-
ostrum/milk from cattle infected with BLV, the tem-
poral changes in antibody titer and PVL in colostrum/
milk were investigated. Performing SIIA with whey
samples allowed us to quantitatively measure the anti-
body titer in colostrum/milk. Although previous studies
measured the antibody levels in colostrum and milk
using ELISA [10, 11], we chose to use SIIA to measure
antibody titers because one of the aims of this study
was to determine the protective mechanism of colostral
antibodies against BLV infection. Thus, this is the first
report to investigate the temporal changes in the colos-
tral antibody titer in terms of its protective ability
against BLV infection in vitro. The results of antibody
detection by SIIA revealed that colostrum from infected
cattle inhibited syncytium induction caused by BLV in-
fection. Syncytium formation results from cell-to-cell
fusion caused by BLV gp51, an outer membrane

Konishi et al. BMC Veterinary Research          (2018) 14:419 Page 2 of 9



glycoprotein [12, 13]. Previous studies showed the
complement-dependent cytotoxicity of anti-gp51 anti-
body [14, 15], and previous studies hypothesized that
the protective effect of BLV infection mediated by
immunoglobulin (Ig) G would be conferred by anti-
glycoprotein antibodies [16]. Thus, it can be concluded
that the protective effect of colostral antibodies in

BLV-infected cattle against BLV infection was conferred
by anti-gp51 antibody, as has been observed in serum.
The results of experiment 1 revealed the chronological

changes in PVL and antibody titer in both colostrum/
milk and peripheral blood. The colostral antibody titer
peaked at day 3 of lactation and rapidly decreased begin-
ning on day 5. It is known that the total Ig levels in milk

Fig. 1 Temporal changes in anti-BLV antibody titer, somatic cell counts, and PVL in colostrum/milk. The temporal changes in (a) antibody titer; (b)
somatic cell counts (SCC); and (c) PVL in colostrum/milk of BLV-infected cattle (○) and non-infected cattle (×)
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decline rapidly during the first 5 days after delivery [17,
18]. Thus, the decrease in anti-BLV antibody reflected
the decrease in Igs during the transition from colostrum
to mature milk. On the other hand, PVL in colostrum
was lower than that in blood, and gradually decreased
after day 5 of lactation. Most samples were negative for
PVL after day 14 of lactation. These decreases in PVL
in colostrum/milk seemed consistent with observed
decreases in SCC. Since a portion of SCs were

infected with BLV, a decrease in SCC would cause a
decrease in PVL in colostrum/milk. Under normal
circumstances, maternal antibodies and leukocytes
contained in colostrum are absorbed through the in-
testinal epithelial cells of neonatal calves and deliv-
ered into their blood circulation. This capacity for
absorption only lasts until 48 h after birth [19, 20].
Considering the low PVL in mature milk detected in
this study and the decreased absorptive capacity of

Fig. 2 Fluctuations in anti-BLV antibody titer, lymphocyte counts, and peripheral blood PVL. Fluctuations in (a) antibody titer; (b) lymphocyte count; and
(c) PVL in peripheral blood of BLV-infected cattle (○) and non-infected cattle (×). All measurements were taken from 1month before the delivery date
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calf intestinal epithelial cells, it is possible that the
role of mature milk from infected dams as a source
of infection is not a major one. However, although
the stage of lactation was unknown, a previous study
detected BLV proviral DNA in the milk of infected
cattle by quantitative real-time PCR [11]. Thus, the

PVL in milk would vary with individual, and feeding
milk with high PVL to calves without maternal anti-
bodies could cause BLV infection to the calves. Since
the infection threshold of PVL in milk remains un-
known, the risk of BLV infection via ingesting raw
milk should be evaluated in future studies.

Fig. 3 Comparison of anti-BLV antibody titer and PVL in colostrum and blood of infected cattle. The distribution of (a) anti-BLV antibody titers
and (b) PVL between colostrum and peripheral blood

Fig. 4 Relationship between PVL of BLV and antibody titer in blood and colostrum. Correlation between (a) PVL in bloo\\\\\d and serum
antibody; (b) PVL in blood and PVL in colostrum; (c) PVL in blood and colostral antibody; and (d) serum antibody and colostral antibody

Konishi et al. BMC Veterinary Research          (2018) 14:419 Page 5 of 9



The results of experiment 2 revealed that the antibody
titer in colostrum was significantly higher than that in
blood. Igs accumulate in the mammary gland during the
prepartum dry period. Many different Igs, including
IgG1, the predominant Ig in cattle, are selectively accu-
mulated from blood circulation into the colostrum. It is
known that this process causes 5- to 10-fold increases in
the concentration of IgG1 in colostrum compared to
maternal serum [17, 18]. Although the Ig class of the
anti-gp51 antibody detected in this study was not inves-
tigated, we hypothesized that the increased antibody titer
in colostrum compared to that in serum was the result
of the selective accumulation of IgG1. On the other
hand, PVL in colostrum was significantly lower than
that in blood. In healthy cattle, the amount of PBL, SCC in
colostrum, and SCC in mature milk of cattle are 4.9–
12.0 × 103 /μl, 1.0–3.0 × 106 cells/ml, and 2.0 × 105 cells/ml,
respectively [19, 21, 22]. The predominant cell type in
colostrum/milk is macrophages, whereas that in PBL is
lymphocytes [19, 22]. Recent studies showed that the
fraction of lymphocytes in bovine PBL is ~ 50% [23,
24]. On the other hand, the percentage of lymphocytes
in colostrum SCs has been reported as 22–25%; in con-
trast, B lymphocytes, the target cells of BLV, account
for less than 5% of the total lymphocytes [19, 21]. We
therefore concluded that the low levels of PVL in colos-
trum were caused by the smaller proportion of B lym-
phocytes in colostrum than in blood.
A significant correlation between PVL in blood and

serum antibody titer, PVL in colostrum, and colostral
antibody titer were found in this study. Our findings are
consistent with previous studies reporting that the
anti-BLV antibody titer in serum should reflect PVL in
blood [10, 25]. As described above, leucocytes and anti-
bodies in colostrum were transferred from the blood.
Thus, PVL in colostrum should be consistent with the
level of PVL in blood. However, there were no signifi-
cant correlations between antibody titer in blood and
that in colostrum even though colostral antibodies were
also accumulated from maternal blood. Some infected
cattle had high colostral antibody titers despite their low
serum antibody titers. The selective accumulation of Igs
in colostrum would cause a major increase in the colos-
tral antibody titer in these cattle and might be a cause of
the unclear relationship between antibody titer in the
blood and colostrum. In addition, we observed that
33.3% (9/27) of colostral samples completely inhibited
syncytium induction at 1024-fold dilution, the highest
dilution limit in this study; therefore, we may have
underestimated the antibody titers in these samples. The
selective accumulation of Igs in colostrum and the possi-
bility of higher than expected antibody titers may also be
a cause of the non-significant correlation between colos-
tral antibody titer and PVL in colostrum.

In this study, a strong protective ability of colostral whey
against BLV infection was found in vitro. This result sug-
gests that colostral whey has potential use as a source of
anti-BLV antibodies in neonatal calves. A notable advan-
tage of colostral whey as source of anti-BLV antibodies is
the low risk of BLV infection. Since milk whey does not
contain SCs, cell-to-cell BLV infection would not occur.
Moreover, cell-free virus particles in the whey could be
inactivated by heat treatment. Kono et al. [16] parenterally
administrated an IgG solution derived from the sera of
sheep experimentally infected with BLV to non-infected
sheep. They then inoculated the sheep with 50 μl whole
blood from BLV-infected sheep several days after adminis-
tration. Sheep with a passive antibody titer of 64 or more
(determined by an agar gel immunodiffusion test) were
not infected with BLV by the inoculation [16]. Based on
those results, we hypothesized that colostral whey anti-
bodies could become a source of passive antibodies in
calves by feeding them with colostral whey immediately
after birth. However, breastfeeding is known as one of the
major routes of mother-to-child transmission of HTLV-1,
the related virus of BLV, even though maternal antibodies
are present in breast milk [26]. Therefore, the actual pro-
tective ability of colostral antibodies must be evaluated in
vivo. Moreover, the relationship between the dosage of
antibodies in colostrum and passive antibody titers in neo-
natal sera, the relationship between serum antibody titer
and its subsequent protective effects, the duration of anti-
body effectiveness, and the absence of transmission by
heat-inactivated colostrum whey must be investigated in
vivo in order to verify the utility and safety of colostral
whey as an antibody source in BLV-infected cattle. It is ne-
cessary to find donor cattle with high colostral antibody ti-
ters to prepare sufficient doses of colostral antibody; a
high blood PVL would be a useful index for the selection
of donor cattle before delivery.

Conclusions
In this study, a strong protective activity of colostral anti-
bodies against BLV infection was found in vitro. We con-
sidered that the protective effect of colostral antibodies in
BLV-infected cattle against BLV infection was conferred
by anti-gp51 antibody, as has been observed in serum.
This result suggests that colostral whey has potential use
as a source of anti-BLV antibodies in neonatal calves.

Methods
Animals and sample collection
In experiment 1, to investigate the temporal fluctua-
tions in anti-BLV antibody titer in colostrum/milk and
serum over the lactation period, colostrum/milk and
blood samples were collected from six BLV-infected
cattle and four non-infected cattle raised in a BLV-in-
fected farm in Japan in 2014–2015. Blood samples were
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collected once a month from 1 month before the esti-
mated date of delivery until the dry period; serum and
peripheral blood leukocytes (PBL) were then extracted
from the samples. Colostrum/milk samples were col-
lected on day 1, 3, 5, 7, and 14 of lactation, and once a
month from 1month after the start of lactation until
the dry-off date.
In experiment 2, twenty-seven BLV-infected cattle

from a different BLV-infected farm in Japan were
tested to examine the correlation between antibody
titer and PVL. Colostrum was sampled at day 1 of lac-
tation for each cow. In accordance with the owner’s
intention, blood collection from all cattle in experi-
ment 2 was conducted on the same day. The time be-
tween blood collection and colostrum collection
ranged from 0 to 6 months (mean: 2.7 months).
All cattle in this study were tested for BLV infection

using a commercial Enzyme-linked immunosorbent
assay (ELISA) kit (JNC, Tokyo, Japan) and real-time
PCR. Cattle that were positive for both tests were classi-
fied as infected, and cattle that were negative for both tests
were classified as non-infected. Real-time PCR was per-
formed as described below. Serum and milk whey separ-
ation, as well as the isolation of PBL and SCs, were
performed within 2 days after sampling. Then, each sam-
ple was stored at − 20 °C for further experiments.

Preparation of somatic cells and milk whey
Colostrum/milk samples (40 ml) were centrifuged at
3000 rpm for 20 min at 4 °C. The fat layer was removed
using a micro-spatula, and milk whey was transferred
to a new container. The precipitate was collected to
isolate SCs and suspended in 1 ml phosphate-buffered
saline (PBS). After the cells were counted using a TC20
automated cell counter (Bio-Rad Laboratories, Hercules,
CA, USA), the cell suspension was centrifuged at 2000
rpm for 5min at 4 °C. PBS was removed and cells were
stored at − 20 °C until DNA extraction. Whey samples
were prepared by centrifuging 12ml milk whey at 30,000
rpm for 60min at 4 °C. The whey samples were stored at
− 20 °C until antibody titration, described below.

Leukocyte count
The number of leukocytes and lymphocytes in periph-
eral blood were counted using a veterinary hematology
analyzer (Celltac Alpha, MEK-6450; Nihon-Kohden,
Tokyo, Japan).

PBL isolation
PBL was isolated from 5ml EDTA-treated blood ac-
cording to the method previously described by Asfaw
et al. [27].

DNA extraction
DNA was extracted from SCs and PBL using a com-
mercial DNA extraction kit (DNeasy Blood & Tissue
Kit; Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions.

Quantification of BLV PVL
To detect and quantify BLV proviral DNA, real-time
PCR was performed using a TaqMan probe. Primers and
probes were designed to target the BLV tax gene accord-
ing to the complete BLV proviral sequence obtained via
GenBank (accession No. K02120). Primers and probe were
as follows: sense primer (BLVCG-tax-8008F), 5’-CCAT
GTGACCGGTTACACGTAT-3′ (nucleotides [nt] 8008–
8029); antisense primer (BLVCG-tax-8093R), 5’-ACCA
ATTCGGACCAGGTTAGC-3′ (nt 8073–8093); and Taq-
Man MGB probe (BLVCGtax8034T_F), 5’-FAM-CAGT
CCTCAGGCCTT-MGB-3′ (nt 8034–8048). A synthetic
186-bp DNA fragment was used as a positive control. The
fragment, identical to nt 7958–8143 (K02120), was syn-
thesized using GeneArt Strings DNA (Thermo Fisher Sci-
entific, Waltham, MA, USA). Serial 10-fold dilutions of
the positive control, ranging from 10 to 106 copies/5 μl,
were used to draw a standard quantification curve. PCR
was carried out using the QuantStudio 3 Real-time PCR
System (Thermo Fisher Scientific) with the Premix
EX-Taq (Perfect Real Time) kit (Takara Bio Inc., Shiga,
Japan) according to the manufacturer’s instructions at a
final reaction volume of 25 μl. Each reaction mixture con-
tained 0.25 μM each primer 0.1 μM TaqMan MGB probe,
and 5 μl DNA sample. The concentration of DNA in each
sample was measured using a NanoDrop ND-1000
(Thermo Fisher Scientific), and the amount of DNA in
each well was adjusted to less than 100 ng/well. Ampli-
fication was performed according to the following con-
ditions: initial denaturation at 95 °C for 30 s, followed
by forty-two cycles of denaturation at 95 °C for 5 s and
annealing at 60 °C for 34 s. The measured value was di-
vided by the amount of DNA in each well, and PVL
was expressed as copies/10 ng DNA.

Cell culture
CC81 cells, a feline cell line with high susceptibility to
BLV, as well as fetal lamb kidney cells persistently in-
fected with BLV (FLK-BLV), were used to measure the
anti-BLV antibody titers as described below. CC81 cells
were grown in Eagle’s minimal essential medium
(MEM) with 5% fetal bovine serum (FBS) and 10%
tryptose phosphate broth. FLK-BLV cells were grown in
Eagle’s MEM with 5% FBS.

SIIA
SIIA was performed based as previously described by
Kono et al. [14]. A rabbit complement (Standard Rabbit
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complement; Cedarlane Laboratories, Burlington, Canada)
that had no inhibitory effects on syncytium formation in
CC81 cells by FLK-BLV was used at a 1:10 dilution.
FLK-BLV cells were adjusted to a concentration of 2 × 105

cells/ml, and CC81 cells were adjusted to a concentration
of 1 × 106 cells/ml. Sera and whey samples were heated for
30min at 56 °C and 60 °C, respectively. For the dilution of
samples and complement, as well as cell suspension,
MEM supplemented with 2% FBS (2% growth medium
[GM]) was used. Equal volumes (25 μl) of serial twofold
dilutions (1:2–1:1024) of samples, FLK-BLV cell suspen-
sions, and rabbit complement were mixed in 96-well
plates and incubated at 37 °C for 1 h in a CO2-rich envir-
onment. Then, 25 μl CC81 cell suspension was added to
each well and the plates were incubated for a further 2
days. Samples were tested in duplicate, and as a
syncytium-positive control, 2% GM was added to eight
wells instead of samples. As a syncytium-negative control,
2% GM was added to a further eight wells instead of the
FLK-BLV cell suspension. The culture was stained with
Giemsa and examined microscopically. Wells containing
no syncytium were classified as anti-BLV antibody-posi-
tive. The antibody titer was expressed as the reciprocal of
the highest serum dilution that showed a positive reaction.
The antibody titer of samples that showed complete inhib-
ition of syncytium induction in both wells of the 1024-fold
dilution was designated as 1024.

Statistical analysis
Associations of the anti-BLV antibody titer and PVL
with colostrum and blood were evaluated using the
Wilcoxon signed rank test. Correlations between PVL
in blood and antibody titer in blood and colostrum, as
well as PVL in colostrum, were evaluated by Pearson’s
product-moment correlation coefficient. A value of p <
0.05 was considered statistically significant in all ana-
lyses. All statistical analyses were performed using R
version 3.3.1 [28].

Abbreviations
BLV: Bovine leukemia virus; EBL: Enzootic bovine leukosis; ELISA: Enzyme-
linked immunosorbent assay; FBS: Fetal bovine serum; GM: Growth medium;
Ig: Immunoglobulin; MEM: Minimal essential medium; PBL: Peripheral blood
leukocytes; PBS: Phosphate-buffered saline; PVL: Proviral load; SCC: Somatic
cell count; SCs: Somatic cells; SIIA: Syncytium-induction Inhibition Assay

Acknowledgements
The authors thank the owners of the farms where the samples were obtained,
as well as the staff of Nasu Operations Unit, Technical Support Center, Institute
of Livestock and Grassland Science, NARO for their kindness and patience in
sample collection; we also thank Ms. Miwa Sawai, Ms. Yuriko Taguchi, Dr. Yuka
Okuwa (Prefectural government of Ishikawa), and Dr. Tomoko Kobayashi
(Prefectural government of Tottori) for their technical support; finally, we thank
Dr. Hiroshi Sentsui (Nihon University) for his helpful discussions.

Funding
This work was supported by Grants-in-Aid for Young Scientists (B) (Grant
Number 26850203) from the Japan Society for the Promotion of Science (JSPS).

Availability of data and materials
All data included in this study is available upon request to the corresponding author.

Authors’ contributions
MK designed the study and wrote the initial draft of the manuscript. HI and
KK participated in sample collection and processing. KM designed the
real-time PCR experiments. TY performed statistical analysis, supervised
the study, and reviewed the manuscript. All authors have read and
approved the final manuscript.

Ethics approval and consent to participate
All animal experiments and protocols were reviewed and approved by the
Institutional Animal Care and Use Committees of the National Institute of
Animal Health, NARO (Permit Numbers: 14–030, 14–033, and 14,112,051).and
Institute of Livestock and Grassland Science, NARO (Permit Numbers: 15112044).
We explained about the aim and plan of the current study to the owners in
advance of application for permission to Institutional Animal Care and Use
Committees, and we obtained verbal informed consent from the owners of
cattle sampled for this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Epidemiology Unit, Division of Viral Disease and Epidemiology, National
Institute of Animal Health, NARO 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856,
Japan. 2Grazing Animal Unit, Division of Grassland Farming, Institute of
Livestock and Grassland Science, NARO. 768 Senbonmatsu, Nasushiobara,
Tochigi 329-2793, Japan. 3National Institute of Animal Health, NARO, Exotic
Diseases Research Station Josuihoncho, Kodaira, Tokyo 187-0022, Japan.
4Cooperative Department of Veterinary Medicine, Iwate University Faculty of
Agriculture, 3-18-8 Ueda, Morioka, Iwate 020-8550, Japan.

Received: 26 September 2018 Accepted: 29 November 2018

References
1. Murakami K, Kobayashi S, Konishi M, Kameyama KI, Tsutsui T. Nationwide

survey of bovine leukemia virus infection among dairy and beef breeding
cattle in Japan from 2009-2011. J Vet Med Sci. 2013;75:1123–6.

2. World Organisation For Animal Health (2018) the Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals 2018 Chapter 2. 4. 10. Enzootic
bovine leukosis. http://www.oie.int/fileadmin/Home/eng/Health_standards/
tahm/2.04.10_EBL.pdf. Accessed 30 Aug 2018.

3. Oguma K, Suzuki M, Sentsui H. Enzootic bovine leukosis in a two-month-old
calf. Virus Res. 2017;233:120–4.

4. Romero CH, Cruz GB, Rowe CA. Transmission of bovine leukaemia virus in
milk. Trop Anim Health Prod. 1983;15:215–8.

5. Chung YS, Prior HC, Duffy PF, Rogers RJ, Mackenzie AR. The effect of
pasteurisation on bovine leucosis virus-infected milk. Aust Vet J. 1986;63:379–80.

6. Ferrer JF, Piper CE. Role of colostrum and milk in the natural transmission of
the bovine leukemia virus. Cancer Res. 1981;41:4906–9.

7. Lassauzet ML, Johnson WO, Thurmond MC, Stevens F. Protection of
colostral antibodies against bovine leukemia virus infection in calves on a
California dairy. Can J Vet Res. 1989;53:424–30.

8. Van Der Maaten MJ, Miller JM, Schmerr MJ. Effect of colostral antibody
on bovine leukemia virus infection of neonatal calves. Am J Vet Res.
1981;42:1498–500.

9. Nagy DW, Tyler JW, Kleiboeker SB. Decreased periparturient transmission
of bovine leukosis virus in colostrum-fed calves. J Vet Intern Med. 2007;
21:1104–7.

10. Gutiérrez G, Lomonaco M, Alvarez I, Fernandez F, Trono K.
Characterization of colostrum from dams of BLV endemic dairy herds.
Vet Microbiol. 2015;177:366–9.

Konishi et al. BMC Veterinary Research          (2018) 14:419 Page 8 of 9

http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.10_EBL.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.10_EBL.pdf


11. Jaworski JP, Porta NG, Gutierrez G, Politzki RP, Álvarez I, Galarza R, Abdala A,
Calvinho L, Trono KG. Short communication: relationship between the level
of bovine leukemia virus antibody and provirus in blood and milk of cows
from a naturally infected herd. J Dairy Sci. 2016;99:5629–34.

12. Zarkik S, Defrise-Quertain F, Portetelle D, Burny A, Ruysschaert JM. Fusion of
bovine leukemia virus with target cells monitored by R18 fluorescence and
PCR assays. J Virol. 1997;71:738–40.

13. Graves DC, Jones LV. Early syncytium formation by bovine leukemia virus.
J Virol. 1981;38:1055–63.

14. Kono Y, Irishio W, Sentsui H. Syncytium-induction inhibition test with
complement for detection of antibodies against bovine leukemia virus. Can
J Comp Med. 1983;47:328–31.

15. Portetelle D, Bruck C, Bex F, Burny A, Dekegel D, Mammerickx M. Detection
of complement-dependent lytic antibodies in sera from bovine leukemia
virus-infected animals. Arch Int Physiol Biochim. 1978;86:955–6.

16. Kono Y, Arai K, Sentsui H, Matsukawa S, Itohara S. Protection against bovine
leukemia virus infection in sheep by active and passive immunization.
Nippon Juigaku Zasshi. 1986;48:117–25.

17. Gapper LW, Copestake DE, Otter DE, Indyk HE. Analysis of bovine
immunoglobulin G in milk, colostrum and dietary supplements: a review.
Anal Bioanal Chem. 2007;389:93–109.

18. Korhonen H, Marnila P, Gill HS. Milk immunoglobulins and complement
factors. Br J Nutr. 2000;84(Suppl 1):S75–80.

19. Chase CC, Hurley DJ, Reber AJ. Neonatal immune development in the calf
and its impact on vaccine response. Vet Clin North Am Food Anim Pract.
2008;24:87–104.

20. Langel SN, Wark WA, Garst SN, James RE, McGilliard ML, Petersson-Wolfe CS,
Kanevsky-Mullarky I. Effect of feeding whole compared with cell-free colostrum
on calf immune status: the neonatal period. J Dairy Sci. 2015;98:3729–40.

21. Li N, Richoux R, Boutinaud M, Martin P, Gagnaire V. Role of somatic cells on
dairy processes and products: a review. Dairy Sci Technol. 2014;94:517–38.

22. Roland L, Drillich M, Iwersen M. Hematology as a diagnostic tool in bovine
medicine. J Vet Diagn Investig. 2014;26:592–8.

23. George JW, Snipes J, Lane VM. Comparison of bovine hematology reference
intervals from 1957 to 2006. Vet Clin Pathol. 2010;39:138–48.

24. Kim YM, Lee JA, Jung BG, Kim TH, Lee BJ, Suh GH. Reference ranges of
hematology and lymphocyte subsets in healthy Korean native cattle
(Hanwoo) and Holstein dairy cattle. Anim Sci J. 2016;87:796–801.

25. Kono Y, Sentsui H, Miyamoto T, Morozumi K, Sakamoto Y. Changes in
antibody titers in cattle infected clinically and subclinically with bovine
leukemia virus. Int J Cancer. 1982;30:655–7.

26. Percher F, Jeannin P, Martin-Latil S, Gessain A, Afonso PV, Vidy-Roche A,
Ceccaldi PE. Mother-to-child transmission of HTLV-1 epidemiological
aspects, mechanisms and determinants of mother-to-child transmission.
Viruses. 2016. https://doi.org/10.3390/v8020040.

27. Asfaw Y, Tsuduku S, Konishi M, Murakami K, Tsuboi T, Wu D, Sentsui H.
Distribution and superinfection of bovine leukemia virus genotypes in
Japan. Arch Virol. 2005;150:493–505.

28. Kanda Y. Investigation of the freely available easy-to-use software 'EZR' for
medical statistics. Bone Marrow Transplant. 2013;48:452–8.

Konishi et al. BMC Veterinary Research          (2018) 14:419 Page 9 of 9

https://doi.org/10.3390/v8020040

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Fluctuations in BLV antibody titer and PVL in colostrum/milk
	Fluctuations in BLV antibody titer and PVL in blood
	Antibody titer and PVL in colostrum and blood samples
	Correlation between PVL and antibody titer in blood and colostrum

	Discussion
	Conclusions
	Methods
	Animals and sample collection
	Preparation of somatic cells and milk whey
	Leukocyte count
	PBL isolation
	DNA extraction
	Quantification of BLV PVL
	Cell culture
	SIIA
	Statistical analysis
	Abbreviations

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

