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Short communication: Bovine leukemia virus infection in adult cows
does not interfere with foot-and-mouth disease vaccination
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ABSTRACT

Bovine leukemia virus (BLV) is a widespread infec-
tion that can affect innate and adaptive immunity;
however, little information exists on how BLV infection
affects foot-and-mouth disease virus (FMDV) vaccina-
tion programs. Vaccination for FMDYV is compulsory
in many regions of the world, and vaccine efficacy is
monitored by measuring total antibodies against this
virus. In a previous study, we observed that BLV-in-
fected heifers produced a lower amount of antibodies in
response to FMDV at first vaccination. In this follow-
up study, we show that BLV status does not interfere
with the total level and avidity of anti-FMDV-specific
antibodies induced after repetitive routine vaccination
in adult cattle. This is relevant information for the pro-
ficiency of vaccine-based FMDV control programs in
BLV-endemic regions.
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Short Communication

Bovine leukemia virus (BLV) is the causative agent
of enzootic bovine leucosis. In one third of infected
animals BLV infection progresses to a state of persis-
tent lymphocytosis, and in about 1 to 5% of infected
animals it develops lymphosarcoma (Ghysdael et al.,
1984). Bovine leukemia virus is endemic worldwide,
except for western Europe and Oceania. In the United
States, more than 83% of dairy herds are infected with
BLV and the within-herd prevalence is about 50%, on
average (Bartlett et al., 2014). In the main dairy-pro-
ducing region of Argentina, the within-herd prevalence
of BLV is close to 80%, on average, and more than 95%
of herds are infected with BLV (Gutiérrez et al., 2012).
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High prevalence of BLV is associated with a significant
economic loss on dairy industry. (Bartlett et al., 2013).
Recent studies suggested that BLV infection might
negatively affect animal immunity (Frie and Coussens,
2015). In this regard, 3 separate studies showed that
immunological disorders provoked during BLV natural
infection may counteract the development of immunity
after commercial and experimental vaccination (Erskine
et al., 2011; Frie et al., 2016; Puentes et al., 2016; Frie
et al., 2017). Considering that BLV is endemic in many
countries and approximately 50 to 70% of animals are
asymptomatic, it is important to know whether BLV
infection interferes with the immunogenicity elicited by
those vaccines typically used in bovines, particularly
those that are part of national programs.
Vaccine-based control programs are applied worldwide
to combat foot-and-mouth disease. Foot-and-mouth dis-
ease is a highly contagious acute vesicular viral disease
that affects cloven-hoofed animals, causing death only
in young animals and high morbidity in adults The cir-
culation of foot-and-mouth disease virus (FMDV) in
susceptible livestock imposes severe restrictions on the
movement and trade of animals and derived products,
causing serious economic loss to the affected countries
(Smith et al., 2014). Foot-and-mouth disease virus
is endemic in many parts of Asia, Africa, and South
America, where vaccination of susceptible populations
is widely used as a major control measure. Argentina is
free from the disease and has 2 epidemiological regions:
(1) the southern region without vaccination and (2) the
central and northern regions, where the cattle popula-
tion is vaccinated systematically, either once or twice
per year (animals >2 and <2 yr of age, respectively).
The commercial vaccine is composed of oil-adjuvanted
suspensions of inactivated viral particles belonging
to the strains A24/Cruzeiro, A/Argentina/2001, O1/
Campos, and C3/Indaial. Vaccine-induced protection is
mediated by specific antibodies, and maintaining high
levels of total antibodies against FMDYV is paramount
to prevent outbreaks, keeping the World Organisa-
tion for Animal Health (OIE) free-with-vaccination
status and, thus, the international markets. The level
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of FMDYV antibodies measured liquid-phase blocking
ELISA (LPBE) has been widely used to evaluate the
vaccination efficacy (Robiolo et al., 1995; Mattion et
al., 2004). In this regard, several curves relating LPBE
titers have been published with estimated protection
percentages (EPP; Maradei et al., 2008; Robiolo et
al., 2010). Particular LPBE titers have been correlated
with an EPP of 75% for the different FMDV strains
(i.e., A24/Cruzeiro Log, titer = 1.90, and O1/Campos
Log, titer = 2.11).

To date, scarce information exists on how BLV in-
fection might interfere with the immunity induced
after FMDV vaccination and affect the epidemiological
scenario of vaccine efficacy in the control area. In a
previous study, we showed that BLV-infected heifers
produced lower IgM and IgG1 titers in response to the
first FMDV vaccination (Puentes et al., 2016). In the
present study, we sought to determine if the BLV sta-
tus of cattle interfered with the antibody production in
response to repetitive vaccination with a commercial
tetravalent FMDV vaccine. In addition, we measured
the avidity of antibodies as an indicator of affinity
maturation and B-cell memory induced through FMDV
vaccination in BLV-infected versus not infected cattle.

To investigate whether BLV natural infection may
interfere with FMDYV vaccination, we worked with
2 separate dairy herds with markedly different BLV
status. The high-prevalence herd belonged to a dairy
farm located in Rafaela, Santa Fe, Argentina, and the
low-prevalence herd belonged to a different facility
located in Brandsen, Buenos Aires, Argentina. Both
farms were composed of approximately 500 Holstein
animals, including the milking herd, dry cows, heifers,
and calves. The BLV serological status of all animals
in both farms was assessed at the time the study was
initiated. Plasma-specific antibodies against the whole
BLV viral particle were measured by indirect ELISA,
as described previously (Trono et al., 2001). Normal-
ized 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 the control. A cutoff level of
25% was established and those samples with reactiv-
ity above the cutoff level were considered positive.
The within-herd BLV prevalence of the high- and low-
prevalence farms was 90 and 5%, respectively. The low
BLV seroprevalence for the second farm was explained
by specific control measures applied in this particular
farm to reduce BLV prevalence.

For this particular study, 200 milking cows (>2 yr)
were selected from both farms based on their BLV se-
rologic status; 100 positive (BLV+) and 100 negative
(BLV-) cows were selected from the high- and low-
prevalence herds, respectively. All animals included in
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the present study had been vaccinated with a FMDV
commercial vaccine at least 4 times (including 1 prime
and more than 3 boosters) as part of the official foot-
and-mouth disease national campaign. Serum samples
were collected from these animals to measure the
level of FMDV-specific antibodies as an indicator of
vaccine-induced immunity (Maradei et al., 2008). The
procedures used for animal handling and sampling were
approved by the Institutional Animal Care and Use
Committee of Instituto Nacional de Tecnologia Agro-
pecuaria (INTA, Buenos Aires, Argentina). The guide-
lines  (https://inta.gob.ar/documentos/leyes-decretos
-disposiciones) described in the institutional manual
were followed at all times.

Total serum antibody responses against FMDV O1/
Campos and A24/Cruzeiro strains were assessed by
LPBE performed as stated by the OIE Manual (Buca-
fusco et al., 2014). Briefly, a rabbit antiserum was used
to capture inactivated whole 140S FMDV particles.
Strains of O1/Campos or A24/Cruzeiro FMDV were
used because they were the same strains included in the
commercial tetravalent vaccine. Antibody titers were
expressed as the reciprocal LoglO of serum dilutions,
giving 50% of the absorbance recorded in the virus
control wells without serum. Individual antibody levels
against O1/Campos and A24/Cruzeiro FMDV strains
in BLV+ and BLV- animals are shown in Figure 1A
and B. No differences in FMDV antibody titers (either
O1/Campos or A24/Cruzeiro) were observed between
animals from the high- and low-BLV prevalence herds.
Except for a couple of BLV+ animals that showed low
anti-FMDV O1/Campos antibody titers, all the remain-
ing animals from both herds had anti-FMDV antibody
titers well above the threshold associated with an EPP
of 75%, indicating a high herd immunity level in from
both groups (Maradei et al., 2008). This observation
suggests that the BLV status would not interfere with
the efficacy of the FMDYV revaccination in cattle.

Although our study was not designed to address a
particular immune impairment due to BLV infection,
we investigated if the BLV status in cattle would
modulate the affinity maturation process induced after
repetitive vaccination (>3 boosters). For that purpose,
we measured the avidity of antibodies as an indicator
of affinity maturation and B-cell memory induced by
FMDV vaccination in 80 randomly selected BLV+ and
BLV- animals (n = 40 for each group; Lavoria et al.,
2012). The avidity index (AvI) of anti-A24/Cruzeiro-
and O1/Campos-specific antibodies was estimated as
described before (Lavoria et al., 2012). Briefly, the Avl
was calculated as the percentage of residual activity
of the serum sample diluted 1:50 after a 20-min urea
washing step, relative to that of untreated sample:
AvI% = (OD sample with urea/OD sample without
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Figure 1. Antibody production in response to foot-and-mouth disease virus (FMDV) vaccination in bovine leukemia virus-infected (BLV+)
and not infected (BLV-) cattle. Total antibody titers against O1/Campos (A) and A24/Cruzeiro (B) FMDV strains measured by liquid phase
blocking ELISA (LPBE). Avidity index (AvI) of O1/Campos- (C) and A24/Cruzeiro-specific (D) antibodies measured by ELISA. Mean titers
and AvI as well as SE are depicted. All BLV+ and BLV- animals received 4 immunizations with a tetravalent FMDV commercial vaccine. No
significant differences (P < 0.05) were observed between BLV+ and BLV- cattle in both assays.

urea) x 100, where OD = optical density. Interestingly,
we observed no significant differences in the Avl of
antibodies from BLV+ or BLV- animals (Figure 1.C-
D). Mean AvI values were above 60% for both groups
and for both viruses, similar to those reported before
in cattle after 2 vaccinations using the same vaccines
(Lavoria et al., 2012). These results suggest that BLV
status did not affect the development of B-cell memory
compartment and the affinity maturation process in-
duced by repetitive FMDV vaccination in cattle.
Previous studies showed that BLV infection might
negatively affect animal immunity elicited in response
to commercial and experimental vaccines. In a previous
study from our group, we demonstrated that BLV+
10-mo-old heifers produced lower IgM and IgG1 titers
in response to the first FMDV vaccination (Puentes et
al., 2016). The lower level of anti-FMDV-IgG1 titers
in BLV+ animals was transient, only noticeable at 2
wk after vaccination. In contrast total FMDV antibody

and IgG2 titers were unaffected by the BLV status.
Supporting these observations, other groups described
altered patterns of antibody production after first vac-
cination in BLV+ dairy cows (Erskine et al., 2011; Frie
et al., 2016).

In another series of studies, the authors suggested
that the alteration in antibody production could be
due to abnormalities in both B- and T-cell subsets also
described in BLV+ cows (Frie et al., 2016, 2017). Dif-
ferent outcomes observed in these studies, regarding
which particular immune component was affected by
BLV infection, might be explained either (1) the vac-
cine composition (antigen/immunogen), (2) the type of
pathogens targeted by the vaccine (virus/bacteria), (3)
the physiological status of the animals, (4) the relation-
ship between the occurrence of BLV infection and the
timing of vaccination (prime/boost), or (5) the number
and timing of booster vaccination. All these parameters
should be further explored.

Journal of Dairy Science Vol. 101 No. 12, 2018



The aim of our study was to investigate if BLV status
could interfere with the efficacy of the FMDV vaccina-
tion campaign. This is of particular interest in FMDV-
endemic regions, as all FMDYV antibody titers induced
through vaccination are necessary to prevent disease
outbreaks. Here we showed that, after repeated vaccina-
tion, levels and avidity of anti-FMDV antibodies were
similar between BLV+ and BLV- animals. Although
first vaccination may be affected (Puentes et al., 2016),
repeated vaccination probably weakens this effect at
the herd level, as animals may be infected with BLV at
different times before or after their first vaccination. As
a whole, our results suggest that BLV status does not
compromise the efficacy of routine FMDV vaccination
in cattle.
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