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Hot topic: Bovine leukemia virus (BLV)-infected cows with low
proviral load are not a source of infection for BLV-free cattle
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ABSTRACT

The bovine leukemia virus (BLV) causes leukemia
or lymphoma in cattle. Although most BLV-infected
animals do not develop the disease, they maintain
the transmission chain of BLV at the herd level. As
a feasible approach to control the virus, selection of
cattle carrying the BoLA-DRB3*0902 allele has been
proposed, as this allele is strongly associated with a
BLV infection profile or the low proviral load (LPL)
phenotype. To test whether these cattle affect the BLV
transmission chain under natural conditions, selected
BLV-infected LPL-BoLA-DRB3*0902 heterozygous
cows were incorporated into a BLV-negative dairy herd.
An average ratio of 5.4 (range 4.17-6.37) BLV-negative
cows per BLV-infected cow was maintained during the
20 mo of the experiment, and no BLV-negative cattle
became infected. The BLV incidence rate in this herd
was thus zero, whereas BLV incidence rates in different
local herds varied from 0.06 to 0.17 cases per 100 cattle-
days. This finding strongly suggests that LPL-BoLA-
DRBS3*0902 cattle disturbed the BLV-transmission
chain in the study period.
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Hot Topic

The bovine leukemia virus (BLV) is the prototype of
the genus Deltaretrovirus and is the etiological agent of
the enzootic bovine leucosis. Economic losses are high
in BLV-infected cows due to BLV-induced leukemia/
lymphoma mortality and reduction of milk production
(Ott et al., 2003; Erskine et al., 2012). Because of the
high prevalence of BLV, controlling the virus by se-
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rological detection of BLV-infected cattle and culling
from the herd is no longer an economically feasible op-
tion. No vaccine or therapeutic procedures to prevent
BLV dissemination are available to date.

The natural transmission of BLV occurs by transfer of
infected lymphocytes from BLV-infected cattle to BLV-
free animals (Ferrer et al., 1975). Blood, secretions, or
excretions containing viable lymphocytes transmit the
virus (Hopkins et al.; 1991). The highest potential of
BLV transmission was thought to be associated with
dairy farm practices such as repeat use of needles and
rectal palpation with a common sleeve (Hopkins and
DiGiacomo, 1997). Recently published data (Ooshiro
et al., 2013) indicate that blood-sucking insects play a
major role in BLV transmission, which is eliminated in
the long term when insects are controlled.

Cattle infected with BLV become lifelong virus carri-
ers. The BLV-infected animals have been characterized
into 2 profiles or phenotypes of infection: high and low
proviral load (HPL and LPL, respectively; Juliarena
et al., 2007). This status remains constant after 6 mo
of infection. Only a very small number of BLV-infected
lymphocytes are found in peripheral blood of LPL ani-
mals. The minimum BLV infective dose needed to infect
sheep (Burny et al., 1987) is about 926 BLV-infected
lymphocytes. Hence, the minimum BLV infective dose
in LPL cattle is contained in a volume of blood so great
that it is unlikely to be transmitted between animals
under normal management conditions in commercial
dairy herds.

The BLV-infection phenotypes (LPL and HPL) are
associated with polymorphisms of the bovine major
histocompatibility complex class II BoLA-DRB 3 gene
(Juilarena et al., 2008). One-third of LPL cattle harbor
the BoLA-DRB3*0902 allele and so this allele was as-
sociated with the LPL phenotype. More than 80% of
cattle that are carriers of the BoLA DRBS3*0902 allele
develop LPL when they are naturally or experimentally
infected with BLV (Juliarena, 2008; Esteban et al.,
2009).



Animals classed as LPL-BoLA-DRB3*0902 signifi-
cantly reduce the experimental transmission of BLV to
sheep, even when high blood doses are transferred (Ju-
liarena, 2008; Esteban et al., 2009). However, unlike
experimental transmission, natural BLV transmission
does not involve the transfer of one large dose of blood;
instead, there is a long-term, continuous exchange of
cells between animals through different routes, different
sources, and different doses. Additionally, host suscepti-
bility is dynamic, due to the influence of environmental
factors (Collier et al., 2006), and the pressure of milk
production frequently reduces resistance. In subtropical
areas, caloric stress is important, particularly during
the summer season. It is conceivable that heat-stressed
animals might be more susceptible to BLV infection.

The selection of cattle using BoLA DRBS3*0902 as a
marker to control the spread of BLV is an encouraging
approach. The effectiveness of this procedure depends
on the accuracy of the premise that BLV-infected LPL-
BoLA-DRB3*0902 cattle are not a source of infection
for BLV-negative cattle in commercial dairy herds. To
test this premise, we analyzed the spread of BLV in
animals of a dairy herd located in a subtropical region
having extreme environmental conditions (hereafter
termed the experimental dairy herd). We intervened
in this commercial herd in several ways for clear evi-
dence of transmission but maintained normal manage-
ment practices and production requirements. We also
examined the natural spread of BLV in 4 other local
commercial herds without intervention.

All animals studied were Holstein cows and heifers.
Their BLV-infection status was defined by serological
and molecular tests. The cattle were diagnosed by BLV-
gp51 antibody detection by means of ELISA method
108 (Gutiérrez et al., 2001). The characteristics and
validity of this ELISA test have been previously re-
ported (Gutiérrez et al., 2001). We confirmed that the
absence of provirus by PCR studies on noninfected ani-
mals. The proviral load was determined by the proce-
dure described in Juliarena et al. (2007). The genotype
analysis includes BoLA-DRB3*0902 allele detection by
specific PCR (Forletti et al., 2013) and heterozygosis
corroboration by RFLP-PCR (van Eijk et al., 1992).

The epidemiological measurements used in this study
have been previously described (Toft et al., 2003).
Prevalence was determined by dividing the number of
BLV-infected cattle in a population at the beginning
of the study by the total cattle population and was
expressed per 100 cattle. Incidence was estimated as
the number of new BLV-infected animals within the
study period divided by the size of the population ini-
tially at risk (BLV-free cattle) and was expressed per
100 cattle. Incidence rate was estimated as the number
of new BLV-infected animals in the study period, as
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determined by serology or PCR testing, divided by the
total follow-up in days and was expressed as cases per
100 cattle-days. The contact rate was calculated as the
number of BLV-free cattle divided by the number of
BLV-infected cattle in the same population.

Our first intervention was to apply a long and costly
BLV eradication program on a selected dairy herd.
This program involved culling BLV-positive cattle and
replacing them with BLV-negative cattle taken from
other dairy farms. The herd was declared BLV-free
when no newly infected cows appeared 3 mo after the
last negative serological testing. To meet the expan-
sion of this herd according to production requirements,
BLV-negative pregnant heifers were selected and iso-
lated in different pastures.

Next, BLV-infected LPL-BoLA-DRB3*0902 cattle
in heterozygosis with other alleles (alleles not associ-
ated with BLV-infection phenotype; Juliarena et al.,
2008) were selected and introduced into the BLV-free
herd (the experimental dairy herd). All cattle of the
experimental dairy herd were lactating cows. Besides
the experimental herd, we also observed and registered
the prevalence, incidence, and incidence rate in other
commercial, nonexperimental (without intervention)
herds belonging to the same dairy cooperative.

Nonexperimental herds were (1) a pre-birth herd:
pregnant heifers (>5 mo of pregnancy) plus dry cows;
(2) post-service heifers: post-service and pregnant heif-
ers (<5 mo of pregnancy); (3) commercial dairy herd 1,
consisting of lactating cows; and (4) commercial dairy
herd 2, consisting of lactating cows. The observational
period for the nonexperimental herds depended on
animal movement or replacement, which was carried
out according to production needs. The distribution
of infection phenotypes of the BLV-infected animals in
every nonexperimental herd was at random (Table 1).

All 5 herds were located in a subtropical region
belonging to the Departamento Rivadavia (southeast
region of the Santiago del Estero province, Argentina)
and were managed by a single group of professionals.
Management practices (such as milking twice a day,
feeding, drinking) and veterinary practices (such as
vaccinations, rectal palpations, blood sampling, and
AT) were performed as for any commercial dairy herd
in the region but, for the experimental herd, strictly
avoiding any contact with external cattle. There were
no insect control programs, and the animals were ex-
posed to the bites of a high-density and varied popula-
tion of hematophagous insects that continuously fed on
the animals during the warmest seasons.

Management practices present a risk of transferring
cells between animals. Cows subjected to mechanical
milking show a higher prevalence of infection by BLV
than cows subjected to manual milking (Fernandes et
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al., 2009). Nevertheless, BLV transmission through
these practices has not been directly proven. Major
known risk factors for BLV transmission in all 5 herds
in this work were (1) rectal palpation using common
sleeves; (2) vaccinations or intravenous injection using
common needles; and (3) high density of blood-sucking
insects, which was the most insidious risk factor.

Bleedings and Al were done using a single device per
animal. It is unlikely that sperm would transmit BLV
when AT is used (Monke, 1986). The very small number
of BLV-infected lymphocytes that can be present in
sperm would be unlikely to survive the procedure of
freezing and thawing the diluted sperm. Thus, neither
of these 2 factors should represent a risk for BLV trans-
mission in the current study.

In the experimental dairy herd, BLV-free and BLV-
infected LPL-BoLA-DRB3*0902 animals had 20 mo of
contact. This period included 2 summers during which
BLV-infected and uninfected cattle were exposed to
heat stress. As is usual in any commercial dairy herd,
the cattle population was dynamic and necessary re-
placements were made according to production needs
and milk production requirements, which were within
expected parameters in the region. Nevertheless, only
previously characterized animals were introduced to
the experimental herd. The contact ratio for BLV-free
cattle:BLV-infected LPL-BoLA-DRB3*0902 cattle
ranged between 4.17 and 6.37, and the monthly average
was 5.4 (Table 1).

In the nonexperimental herds, animals were in con-
tact for periods ranging from 2 to 12 mo. The contact
rate of BLV-free cattle:BLV-infected varied widely
among the nonexperimental herds, from 0.4 to 13.1
(Table 1). Despite the shorter period of contact, newly
BLV-infected cattle were found in all nonexperimental

herds (Table 2). The incidence rates observed in dif-
ferent herds were between 0.06 and 0.17 cases per 100
cattle-days. In contrast, no new BLV-infected animals
were detected by serological and PCR testing among
BLV-free cattle in the experimental herd after a much
longer period of contact under the same environmental
conditions and management practices, and, as a corol-
lary, the incidence rate was zero. The results indicate
that LPL-BoLA-DRBS3*0902 cattle do indeed disrupt
the BLV transmission chain, and selection of cattle
carrying this allele represents a promising approach to
control the virus.
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Table 1. Distribution of cattle per herd according to bovine leukemia virus (BLV) infection status'

Commercial dairy herds®

Item Experimental herd Pre-birth herd Pre-/post-service herd 1 2
Total animals® 125 51 99 157 154
Animal distribution®
BLV-free animals 105 46 63 56 42
LPL animals 20 (20) 3(1) 17 (2) 38 (11) 41 (13)
HPL animals 0 2 19 63 71
Ratio BLV(—):BLV(+)° 5.4 13.1 2.0 0.6 0.4

"In all studied herds, management practices and environmental conditions were the same. Four out of 5 herds had high proviral load (HPL)

cattle and 1 herd had no HPL cattle.
*Two commercial dairy herds separated.
3Size of herd; average number of animals per month.

*Classification of the animals according to BLV infection; BLV-free animals = average number of BLV-free cattle per month; LPL animals =
average number of low proviral load (LPL) cattle per month (average number of LPL-BoLA-DRB3*0902 cattle per month in parentheses; BoLA-
DRB3* = bovine leukocyte antigen DRB3*); HPL animals = average number of HPL cattle per month.

®Average ratio of contact rate per month. The contact rate was calculated as the number of BLV-free cattle divided by the number of BLV-
infected cattle in the same population.
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Table 2. Epidemiological measurements in the different dairy herds observed*

Commercial dairy

farms?
Experimental dairy

Ttem farm Pre-birth herd Pre-/post-service herd 1 2
Prevalence,” % 15.6 9.0 36.0 64.3 72.7
Period of observation, mo 20 2 5 12 12
New BLV-infected animals 0 2 6 26 20
Incidence, % 0 4.3 10.3 46.4 47.6
Incidence rate, cases per 100 cattle-days 0 0.06 0.08 0.15 0.17

!Cattle were observed during different periods. Only the herd lacking high proviral load (HPL) cattle lacked bovine leukemia virus (BLV) trans-

mission.
*Two commercial dairy herds separated.
SPrevalence at the beginning of study.

"The incidence rate was estimated as the number of new BLV-infected animals in the study period, as determined by serology or PCR testing,

divided by the total follow-up in days.
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