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ABSTRACT

We explored the relationship between the level of bo-
vine leukemia virus antibodies and provirus load during
natural infection. For that purpose, a set of 50 blood
and milk paired samples were analyzed for the presence
of bovine leukemia virus provirus and antibodies. Ad-
ditionally, provirus load and antibody titers were mea-
sured and the relationship between these variables was
investigated. Bovine leukemia provirus was detected in
59% of milk samples and a negative correlation was ob-
served between the level of milk provirus load and milk
antibody titers. By the consumption of raw milk, calves
might be exposed to bovine leukemia virus favoring the
perinatal transmission of this disease.
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Short Communication

Bovine leukemia virus (BLV) is distributed world-
wide, with the exception of western Europe. The virus-
was first described in Argentina in 1973 (Ciprian, 1973).
At the beginning of the 21st century, the individual cow
prevalence was 33% (Trono et al., 2001); however, more
than 80% of farms were infected with BLV, denoting
a rapid spread of the virus in the territory (Trono et
al., 2001). In a recent study, an individual prevalence
of 80% has been observed in dairy farms of the main
productive areas of Argentina (Gutiérrez et al., 2012).

Several routes of transmission of BLV have been de-
scribed (Hopkins and DiGiacomo, 1997). In addition to
horizontal and intrauterine transmission, the ingestion
of colostrum and milk with provirus or free virus parti-

Received December 23, 2015.

Accepted March 6, 2016.

! These authors contributed equally to this work.

2 . . .. .
Corresponding author: jaworski.juan@inta.gob.ar

cles might be important for BLV perinatal transmission
in calves. It has been demonstrated that the mother’s
provirus load (PVL) and the duration of lactation are
associated with the risk of perinatal transmission of
human T-lymphotropic virus and human immunodefi-
ciency virus (HIV), 2 related viruses (Kinoshita et al.,
1984; Miotti et al., 1999; Li et al., 2004; Martin-Latil et
al., 2012; Milligan and Overbaugh, 2014). On the other
hand, the administration of BLV-specific antibodies
(ADb) has been effective blocking the oral infection with
BLV (Van Der Maaten et al., 1981). However, informa-
tion is scarce about the factors involved in transmission
and progression of BLV in Argentinean dairy herds
(Monti et al., 2005; Gutiérrez et al., 2011).

To explore the relationship between PVL and Ab in
blood and milk of lactating cows under natural set-
tings, a set of 50 paired samples was analyzed. The
samples were obtained from a dairy farm located in
Rafaela, Santa Fe, Argentina (31°16'S, 61°29'W). This
region belongs to the main dairy producing area of the
country. The herd was composed of 332 Holstein cows
(>1 lactation) and was naturally infected with BLV.
The procedures used for animal handling and sampling
were approved by the Institutional Animal Care and
Use Committee of the Instituto Nacional de Tecnologia
Agropecuaria. The guidelines described in the Institu-
tional Manual were followed at all times.

Plasma-specific Ab against the whole BLV viral par-
ticle were measured by indirect ELISA as described pre-
viously (Trono et al., 2001). Briefly, ELISA plates were
coated with antigen purified from fetal lamb kidney
cells persistently infected with BLV by centrifugation
on a sucrose gradient. The samples to be tested were
added to the plate in duplicates. Based on preliminary
data plasma samples were prediluted 1:40. The Ab ti-
ters were assayed by the end-point dilution method us-
ing 2-fold dilutions of sera. After incubation and wash-
ing, anti-bovine IgG peroxidase conjugated was added
to each well. The presence of secondary antibody was
revealed with 3,3',5,5'-tetramethylbenzidine and H,0,.
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Reaction was stopped using H,SO, and the absorbance
was read at 450 nm. Normalized results were obtained
as a sample-to-positive ratio. A weak positive control
serum was used to calculate the ratio; its reactivity
was set to 100% and all tested samples were referred to
it. A cut-off level of 25% was established in the origi-
nal work (Trono et al., 2001) over 339 serum samples,
using PCR and Southern blot as confirmatory tests.
The sensitivity and specificity of the assay were 97.2
and 97.5%, respectively; those samples with reactivity
above the cut-off level were considered positive. Titers
were expressed as the reciprocal of the last dilution
with reactivity above the cut-off level. The presence of
BLV-specific Ab was detected in 94 and 90% of plasma
and milk samples, respectively (n = 50; Figure 1A).
Although the proportions of BLV Ab in plasma and
milk samples were similar, the mean Ab titer in the
plasma was 10-fold higher than in milk (493 vs. 36,
respectively; Mann-Whitney U-test, P < 0.0001; Figure
14).

Whole blood and milk DNA was extracted using the
High Pure PCR Template Preparation Kit (Roche,
Penzberg, Germany) according to the manufacturer’s
instructions. As not enough material was obtained
from 1 blood and 4 milk samples (<5 ng/uL), these
were excluded from the following analysis. The BLV
DNA was detected in 82 and 59% of blood and milk
samples, respectively (n = 49 and 46, respectively; Fig-
ure 1B). Furthermore, PVL was quantified by a real-
time quantitative PCR (qPCR). Briefly, each qPCR
reaction contained Fast Start Universal SYBR Green
Master Mix (Roche), 800 nM forward and reverse prim-
ers (BLVpol5f: 5'-CCTCAATTCCCTTTAAACTA-3';
BLVpol3r: 5-GTACCGGGAAGACTGGATTA-3') and
500 ng of DNA template. The reaction was performed
on an ABI 7500 machine (Applied Biosystems, Thermo
Fisher Scientific, Waltham, MA) with the following
cycling conditions: 2 min at 50°C, 95°C for 10 min,
followed by 40 cycles at 95°C for 15 s, 55°C for 15 s,
and at 60°C for 1 min. The specificity of each reaction
was confirmed by dissociation curve analysis. As stan-
dard, a plasmid pBLV1 (provided by Jacek Kuzmak,
National Veterinary Research Institute, Pulawy, Po-
land) containing BLV pol fragment was used. Ten-fold
dilutions of this standard were made from 1 x 10° to 1
copy/pL. A strong and a weak positive control and 2
negative controls were included in each plate. The limit
of detection of the assay was 5 BLV copies per reaction
(10 BLV copies/pg of DNA). The PVL in blood was
significantly higher than PVL in milk (Mann Whitney
U-test, P = 0.0006; Figure 1B) and no correlation
was observed between PVL measured in these body
compartments (Figure 2A). Furthermore, plasma and
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Figure 1. Comparison of bovine leukemia virus (BLV)-specific an-
tibody titers and provirus load (PVL) in blood and milk. (A) BLV
antibody titers and (B) PVL in cow’s blood (or plasma) and milk
samples were plotted. Horizontal solid bars represent median values.
The P-value is indicated (Mann-Whitney U test). The proportion of
positive samples is stated as a percentage in each graph. The BLV an-
tibody titers were assayed by ELISA and PVL by real-time PCR; the
horizontal dotted line shows the limit of detection for each assay. Fifty
plasma and milk samples were used for the BLV antibody analysis.
Forty-nine blood samples and 46 milk samples were used for the BLV
and PVL analyses.

milk BLV Ab titers positively correlated with blood
PVL (Figure 2B and C, respectively) and a positive
correlation was noted between the level of Ab in plasma
and milk (Figure 2D). In contrast, a weak negative cor-
relation was observed between milk Ab titers and milk
PVL (Figure 2E). To further explore the relationship
between milk Ab titers and milk PVL, milk samples
were divided into 2 groups based on their Ab titer, (1)
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low (Ab titer <32; n = 20) and (2) high (Ab titer >32;
n = 26), and the PVL was compared between them
(Figure 2F). This arbitrary categorization was made
based on the median value of milk Ab titers distribu-
tion (Figure 1A; median Ab titer = 32). In agreement
with the previous result, this complementary analysis
showed that milk PVL was significantly higher in milk
samples containing lower titers of Ab (Mann Whitney
U-test, P = 0.03).

The role of mammary gland secretions—colostrum
and milk—in natural transmission of BLV to the off-
spring remains undefined. Different studies that have
been published to date leave unclear whether these
secretions primarily play a protective or an infective
role (Ferrer and Piper, 1981; Van Der Maaten et al.,
1981; Lassauzet et al., 1989; Lairmore, 2014). Some
studies linked the presence of BLV virus or provirus
in colostrum to a higher risk of transmission (Sprecher
et al., 1991; Meas et al., 2002). In contrast, another
group of studies observed a protective role of specific
Ab present in these secretions (Van Der Maaten et al.,
1981; Nagy et al., 2007; Kobayashi et al., 2010). Studies
in HIV and simian-human immunodeficiency virus, 2
related retroviruses, have shown that a delicate balance
between amount and quality of Ab and virus might
affect both protection and transmission (Richardson
et al., 2003; Barin et al., 2006; Dickover et al., 2006;
Lynch et al., 2011). Although the mechanisms that
favor or block transmission remain to be elucidated, it
has been demonstrated that extending the duration of
lactation was associated with a higher risk of perinatal
transmission of HIV (Miotti et al., 1999).

In a previous study, we showed that colostrum with
different levels of BLV Ab shed BLV provirus and
highlighted the potential risk in colostrum containing
high PVL and low levels of Ab (Gutiérrez et al., 2015).
Continuing with the study of BLV natural transmis-
sion, the goal of the present study was to analyze the
relationship between the levels of Ab and PVL in blood
and milk of cows from a naturally infected herd.

The samples for the present study were collected
from a dairy herd with a serologic prevalence of 94%.
This prevalence was in agreement with recent studies
that showed an overall seroprevalence of 86.5 and 90%,
respectively, considering cows with more than one lac-
tation and from different herds (Gutiérrez et al., 2011,
2012).

As expected, a positive correlation was observed be-
tween blood PVL and the level of Ab in plasma and
milk. The reason for this might be the higher antigenic
stimulation that occurred in those animals with higher
PVL. Although the proportion of BLV Ab in milk and
plasma samples was similar (90 vs. 94%, respectively),
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the level of Ab in milk was more than 10 fold lower
compared with plasma. It is known that the active se-
cretion of IgG to the lumen of the mammary gland that
takes place during colostrum production is reduced
during milk production (Tizard, 2013).

Milk PVL was significantly lower than blood PVL,
and no correlation to PVL was noted between these
body compartments. In addition, milk Ab titers nega-
tively correlated with milk PVL. When milk samples
were divided into low and high Ab titer groups, a sig-
nificant increase was observed in milk PVL in the low
group compared with the high group. The variation of
the level of Ab and PVL and the different relationship
between both variables in milk compared with blood
could be due to different factors. First, It might be pos-
sible for some components present in the milk (i.e., pro-
teases, complex polysaccharides, lipids, Ca’" ions) to
interfere with the DNA extraction and qPCR. reaction,
decreasing the sensitivity of the assay compared with
blood. The difficulty associated with the measurement
of BLV provirus in milk samples has been previously
reported (Kuckleburg et al., 2003; Logar et al., 2012). If
this was true, milk PVL data might be biased; however,
we did not observe any interference when the limit of
detection of the BLV qPCR was assessed using a milk
matrix. Second, another explanation for these differ-
ences could be the presence of fewer B-lymphocytes
in milk compared with blood (Reber et al., 2005).
Therefore, fewer target cells containing integrated BLV
provirus would found, making it more difficult to detect
B-lymphocytes in milk. The migration of B-cells and
the secretion of Ab from blood to peripheral tissues
are 2 independent mechanisms. Hence, the levels of
these immune components in the milk do not necessar-
ily mirror what is observed in the blood. In addition,
any change in the expression of adhesion molecules and
cytokines in persistently infected B-cells could affect
the migration of B-cells carrying provirus to peripheral
tissues. Alternatively, BLV Ab in milk could accelerate
the clearance of infected B-cells in the mammary gland
compared with blood (i.e., favoring the phagocytosis
by macrophages through opsonization). Further studies
are granted to explore the dissemination of BLV and
specific Abs among different body compartments dur-
ing the natural infection.

Although the different hypotheses for the negative
correlation between milk antibody titers and milk PVL
remain to be explored, it is important to highlight that
the ingestion of raw milk containing provirus or free
virus particles and low levels of Ab could favor BLV
transmission to calves. A similar situation has been
reported in other infections caused by retroviruses
(Kinoshita et al., 1984; Miotti et al., 1999; Ti et al.,
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Figure 2. Relationship between bovine leukemia virus (BLV) provirus load (PVL) and antibody titers in blood, plasma, and milk. Correlation
between (A) milk PVL and blood PVL (X,Y pairs = 45); (B) plasma antibody titers and blood PVL (X,Y pairs = 49); (C) milk antibody titers
and blood PVL (X,Y pairs = 49); (D) milk and plasma antibody titers (X,Y pairs = 50); and (E) milk antibody titers and milk PVL (X,Y pairs
= 46). Spearman correlation was used, and correlation coefficient and P-values are given. (F) Milk samples were grouped as low (titer <32; n =
20) and high (titer >32; n = 26) according to the level of antibodies and PVL in these milk samples were plotted. Horizontal solid bars represent

median values. The P-value is indicated (Mann-Whitney U test).
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2004; Martin-Latil et al., 2012; Milligan and Over-
baugh, 2014). Moreover, this could explain the high
prevalence observed in heifers in Argentina before they
were in contact with older animals (Gutiérrez et al.,
2014) and when risk factors associated with horizontal
transmission were controlled.

Performing pasteurization or freeze and thaw cycles
to bulk milk before it is administered to calves might
help to the prevention of early BLV infections. In the
long term, this could limit the spread of the disease un-
der natural settings. An interesting alternative would be
the passive immunization of calves using BLV-specific
Ab, as they might be able to block infection. Even if
protection was not achieved, passively administered Ab
could boost calves’ endogenous immune responses, as
reported for other retroviruses (Jaworski et al., 2013).
Further studies are needed to explore if the levels of Ab
and PVL in individual and bulk milk are associated
with the risk of perinatal transmission of BLV.

ACKNOWLEDGMENTS

We thank W. Hassan for reviewing the whole manu-
script and M. C. Jaworski[AU2: Add affiliation with
location for Hassan and Jaworski.] for her writing
assistance. This work and the authors were supported
by Instituto Nacional de Tecnologia Agropecuaria and
Asociacién Cooperadora de INTA Rafaela. Jaworski,
Porta, Gutierrez, and Alvarez were also supported by
el Consejo Nacional de Investigaciones Cientificas y
Técnicas (CONICET[AU3: Add locations for INTA
and CONICET.]).

REFERENCES

Barin, F., G. Jourdain, S. Brunet, N. Ngo-Giang-Huong, S. Weerawat-
goompa, W. Karnchanamayul, S. Ariyadej, R. Hansudewechakul,
J. Achalapong, P. Yuthavisuthi, C. Ngampiyaskul, S. Bhakeecheep,
C. Hemwutthiphan, and M. Lallemant. 2006. Revisiting the role of
neutralizing antibodies in mother-to-child transmission of HIV-1.
J. Infect. Dis. 193:1504-1511.

Ciprian, F. 1973. Comprobacion de la leucemia bovina en Argentina.
Rev. Med. Vet. 54:209-271.

Dickover, R., E. Garratty, K. Yusim, C. Miller, B. Korber, and Y.
Bryson. 2006. Role of maternal autologous neutralizing antibody
in selective perinatal transmission of human immunodeficiency vi-
rus type 1 escape variants. J. Virol. 80:6525-6533.

Ferrer, J. F., and C. E. Piper. 1981. Role of colostrum and milk in
the natural transmission of the bovine leukemia virus. Cancer Res.
41:4906-4909.

Gutiérrez, G., I. Alvarez, R. Merlini, F. Rondelli, and K. Trono. 2014.
Dynamics of perinatal bovine leukemia virus infection. BMC Vet.
Res. 10:82.

Gutiérrez, G., I. Alvarez, R. Politzki, M. Lomonaco, M. J. Dus San-
tos, F. Rondelli, N. Fondevila, and K. Trono. 2011. Natural pro-
gression of Bovine Leukemia Virus infection in Argentinean dairy
cattle. Vet. Microbiol. 151:255-263.

Gutiérrez, G., H. Carignano, I. Alvarez, C. Martinez, N. Porta, R.
Politzki, M. Gammella, M. Lomonaco, N. Fondevila, M. Poli, and

: BLV AND PROVIRUS LOAD 5

K. Trono. 2012. Bovine leukemia virus p24 antibodies reflect blood
proviral load. BMC Vet. Res. 8:187.

Gutiérrez, G., M. Lomonaco, 1. Alvarez, F. Fernandez, and K. Trono.
2015. Characterization of colostrum from dams of BLV endemic
dairy herds. Vet. Microbiol. 177:366-369.

Hopkins, S. G., and R. F. DiGiacomo. 1997. Natural transmission of
bovine leukemia virus in dairy and beef cattle. Vet. Clin. North
Am. Food Anim. Pract. 13:107-128.

Jaworski, J. P., J. Kobie, Z. Brower, D. C. Malherbe, G. Landucci, W.
F. Sutton, B. Guo, J. S. Reed, E. J. Leon, F. Engelmann, B. Zheng,
A. Legasse, B. Park, M. Dickerson, A. D. Lewis, L. M. Colgin, M.
Axthelm, I. Messaoudi, J. B. Sacha, D. R. Burton, D. N. Forthal,
A. J. Hessell, and N. L. Haigwood. 2013. Neutralizing polyclonal
IgG present during acute infection prevents rapid disease onset
in simian-human immunodeficiency virus SHIVSF162P3-infected
infant rhesus macaques. J. Virol. 87:10447-10459.

Kinoshita, K., S. Hino, T. Amagaski, S. Ikeda, Y. Yamada, J. Su-
zuyama, S. Momita, K. Toriya, S. Kamihira, and M. Ichimaru.
1984. Demonstration of adult T-cell leukemia virus antigen in milk
from three sero-positive mothers. Gan 75:103-105.

Kobayashi, S.; T. Tsutsui, T. Yamamoto, Y. Hayama, K. Kameyama,
M. Konishi, and K. Murakami. 2010. Risk factors associated with
within-herd transmission of bovine leukemia virus on dairy farms
in Japan. BMC Vet. Res. 6:1.

Kuckleburg, C. J., C. C. Chase, E. A. Nelson, S. A. Marras, M. A.
Dammen, and J. Christopher-Hennings. 2003. Detection of bovine
leukemia virus in blood and milk by nested and real-time poly-
merase chain reactions. J. Vet. Diagn. Invest. 15:72-76.

Lairmore, M. D. 2014. Animal models of bovine leukemia virus and
human T-lymphotrophic virus type-1: insights in transmission and
pathogenesis. Annu. Rev. Anim. Biosci. 2:189-208.

Lassauzet, M. L., W. O. Johnson, M. C. Thurmond, and F. Stevens.
1989. Protection of colostral antibodies against bovine leukemia
virus infection in calves on a California dairy. Can. J. Vet. Res.
53:424-430.

Li, H. C.; R. J. Biggar, W. J. Miley, E. M. Maloney, B. Cranston, B.
Hanchard, and M. Hisada. 2004. Provirus load in breast milk and
risk of mother-to-child transmission of human T lymphotropic vi-
rus type L. J. Infect. Dis. 190:1275-1278.

Logar, K., R. Kopinc, P. Bandelj, J. Staric, A. Lapanje, and M. Oce-
pek. 2012. Evaluation of combined high-efficiency DNA extrac-
tion and real-time PCR for detection of Mycobacterium avium ssp.
paratuberculosis in subclinically infected dairy cattle: comparison
with faecal culture, milk real-time PCR and milk ELISA. BMC
Vet. Res. 8:49.

Lynch, J. B., R. Nduati, C. A. Blish, B. A. Richardson, J. M. Mabuka,
Z. Jalalian-Lechak, G. John-Stewart, and J. Overbaugh. 2011. The
breadth and potency of passively acquired human immunodefi-
ciency virus type 1-specific neutralizing antibodies do not correlate
with the risk of infant infection. J. Virol. 85:5252-5261.

Martin-Latil, S., N. F. Gnadig, A. Mallet, M. Desdouits, F. Guivel-
Benhassine, P. Jeannin, M. C. Prevost, O. Schwartz, A. Gessain,
S. Ozden, and P. E. Ceccaldi. 2012. Transcytosis of HTLV-1 across
a tight human epithelial barrier and infection of subepithelial den-
dritic cells. Blood 120:572-580.

Meas, S., T. Usui, K. Ohashi, C. Sugimoto, and M. Onuma. 2002. Ver-
tical transmission of bovine leukemia virus and bovine immuno-
deficiency virus in dairy cattle herds. Vet. Microbiol. 84:275-282.

Milligan, C., and J. Overbaugh. 2014. The role of cell-associated vi-
rus in mother-to-child HIV transmission. J. Infect. Dis. 210(Suppl
3):5631-S640.

Miotti, P. G., T. E. Taha, N. I. Kumwenda, R. Broadhead, L. A. Mti-
mavalye, L. Van der Hoeven, J. D. Chiphangwi, G. Liomba, and R.
J. Biggar. 1999. HIV transmission through breastfeeding: a study
in Malawi. JAMA 282:744-749.

Monti, G., R. Schrijver, and D. Beier. 2005. Genetic diversity and
spread of Bovine leukaemia virus isolates in Argentine dairy cattle.
Arch. Virol. 150:443-458.

Nagy, D. W., J. W. Tyler, and S. B. Kleiboeker. 2007. Decreased pe-
riparturient transmission of bovine leukosis virus in colostrum-fed
calves. J. Vet. Intern. Med. 21:1104-1107.

Journal of Dairy Science Vol. TBC No. TBC, TBC



6 JAWORSKI ET AL.

Reber, A. J., A. R. Hippen, and D. J. Hurley. 2005. Effects of the
ingestion of whole colostrum or cell-free colostrum on the capacity
of leukocytes in newborn calves to stimulate or respond in one-way
mixed leukocyte cultures. Am. J. Vet. Res. 66:1854-1860.

Richardson, B. A.; G. C. John-Stewart, J. P. Hughes, R. Nduati, D.
Mbori-Ngacha, J. Overbaugh, and J. K. Kreiss. 2003. Breast-milk
infectivity in human immunodeficiency virus type 1-infected moth-
ers. J. Infect. Dis. 187:736-740.

Sprecher, D. J., K. D. Pelzer, and P. Lessard. 1991. Possible effect of
altered management practices on seroprevalence of bovine leuke-
mia virus in heifers of a dairy herd with history of high prevalence
of infection. J. Am. Vet. Med. Assoc. 199:584-588.

Journal of Dairy Science Vol. TBC No. TBC, TBC

Tizard, I. R. 2013. Veterinary Immunology, 9th ed.[AU4: Add the
name and location for the publisher.]

Trono, K. G., D. M. Perez-Filgueira, S. Duffy, M. V. Borca, and C.
Carrillo. 2001. Seroprevalence of bovine leukemia virus in dairy
cattle in Argentina: Comparison of sensitivity and specificity of
different detection methods. Vet. Microbiol. 83:235-248.

Van Der Maaten, M. J., J. M. Miller, and M. J. Schmerr. 1981. Effect
of colostral antibody on bovine leukemia virus infection of neona-
tal calves. Am. J. Vet. Res. 42:1498-1500.





