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1. Introduction

Abstract

Bovine leukosis is caused by an oncogenic virus of the genus Deltaretrovirus, causing losses associated with decreased
production indicators and restrictions on exports of cattle and cattle products. The disease has a prolonged incubation period
of between 1-5 years and the antibodies can be detected 2-3 weeks post infection. The disease can present
asymptomatically, and develop persistent lymphocytosis or lymphosarcoma. The objective of this study was to estimate the
prevalence and risk factors associated with bovine leukosis in Villavicencio, Colombia. Blood samples were taken from 636
animals, and obtained randomly from 24 herds. The samples were analysed using a Competition ELISA kit for the detection
of anti-gp51 antibodies. Information on possible risk factors was collected, then OR and X? were calculated, and statistically
significant with p < 0.05 variables were included in a linear regression multivariate analysis. The general seroprevalence
was 24.6% and the herd seroprevalence was 83.3%. The seroprevalence was 21.3% in males and 25.0% in females. The risk
factors identified were abortion, non-bearing cows, artificial insemination, and use of common needles, Creole breed and
participation in cattle exhibitions. The study confirmed the presence of bovine leukosis associated with reproductive and
management factors.

Keywords: bovine persistent lymphocytosis; bovine lymphoma; bovine chronic infectious viruses; bovine leukosis;
ELISA.

Resumo

A leucose bovina ¢ causada por um virus oncogénico do género Deltaretrovirus, causando prejuizos associados a queda dos
indicadores produtivos e restricdes a exportacdo de bovinos e derivados. A doenga tem um periodo de incubagio prolongado
entre 1 e 5 anos e os anticorpos podem ser detectados 2 a 3 semanas ap6s a infeccdo. A doenca pode se apresentar de forma
assintomatica, e evoluir para linfocitose persistente ou linfossarcoma. O objetivo do estudo foi estimar a prevaléncia e os
fatores de risco associados a leucose bovina em Villavicencio, Colombia. Amostras de sangue foram coletadas de 636
animais, obtidos aleatoriamente de 24 rebanhos. As amostras foram analisadas com o kit Competition ELISA para detec¢do
de anticorpos anti-gp51. Foram coletadas informagdes sobre possiveis fatores de risco, se realizo um analise univariado
entre as variaveis ¢ a presenga da seropositividad a leukosis bovina mediante o calculo do OR e X2 as variaveis
estatisticamente significativas com p<0,05 foram incluidas em uma analise multivariada de regressdo linear. A
soroprevaléncia geral foi de 24,6% e a soroprevaléncia do rebanho foi de 83,3%. A soroprevaléncia foi de 21,3% em machos
e 25,0% em fémeas. Os fatores de risco identificados foram: aborto, vacas ndo reprodutivas, inseminacao artificial e uso de
agulha comum, raca crioula e exposi¢des de gado. O estudo confirmou a presenca de leucose bovina associada a fatores
reprodutivos e de manejo.

Palavras-chave: linfocitose persistente bovina; linfoma bovino; virus infeccioso cronico bovino; leucose bovina; ELISA.

virus strains have been identified circulating in various
geographical locations throughout the world, the most

Bovine leukosis is one of the most common
neoplastic diseases in cattle, having a high prevalence and
causing great economic losses for the livestock sector (*).
The disease is caused by an oncogenic RNA virus of the
Retroviriade family, genus Deltaretrovirus, with tropism
for B lymphocytes causing persistent lymphocytosis.
More than ten different genotypes of bovine leukosis
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predominant being genotypes 1, 4 and 6 (?). The disease
has a slow clinical course with an incubation period of
between 1-5 years, affecting cattle older than two years to
a greater extent. However, some animals infected with the
virus do not show visible signs and may be asymptomatic
for their entire lives, 30% of infected animals may
develop persistent lymphocytosis (LP), while 2-5% may
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develop lymphosarcoma (3).

Transmission of bovine leukosis occurs through
provirus-infected lymphocytes, which are transmitted
iatrogenically through contact with blood and through
surgical or handling procedures, such as blood extraction,
castration, vaccination, dehorning and palpation (*).
Additionally, by vertical transmission, the foetus can be
contaminated by the transplacental and intrauterine routes
or through the birth canal, and even after birth through the
consumption of colostrum (°). Transmission by flies and
arthropods has recently been reported (*). The disease has
been associated with breast cancer in women from milk
consumption, where molecular PCR studies have
identified bovine leukosis genes in breast cancer tissue (°).
In addition, a review study showed that the disease is
associated with an increased risk of breast cancer (7).

Livestock suffer economic losses associated with
confiscations in animal processing plants because of the
presence of clinical lymphosarcoma in the carcass.
However, animals with the disease can present significant
alterations in immune function, which can cause reduced
milk production, infectious diseases and reproductive
inefficiency (). In many European countries, bovine
leukosis is under official control: 20 countries of the
European Union have obtained disease-free status.
However, in Latin America, official programmes to
control the disease are still lacking. In Colombia, diseases
not subjected to official control, including bovine
leukosis, cause up to 30% of infertility and abortions, low
pregnancy rates and high neonatal mortality, with losses
of more than 108 million dollars annually (®).
Villavicencio is one of the main livestock centres in
Colombia; the presence of bovine leukosis in the region is
unknown. This study aims to estimate the prevalence and
risk factors associated with bovine leukosis in the
municipality of Villavicencio.

2. Materials and Methods
2.1. Study area and population

A cross-sectional epidemiological study was
carried out in the municipality of Villavicencio, which has
a population of 108,109 cattle (°). The sample size was
determined following the postulates of Dohoo (2003) ('),
determined considering a hypothetical seroprevalence of
31.1% (), a confidence level of 95%, design effect of
1.95 and a population of 108,109 according to the
Colombian Agricultural Institute (ICA) census. A total
sample of 636 cattle was calculated using SPSS software.

2.2. Selection and collection of samples

The animal samples were selected by stratified
random sampling of 24 farms of the dual-purpose system
from five villages of Villavicencio, the average herd size
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was 15 animals, with a minimum of three and a maximum
of 69. The study was carried out between March and
August of 2017. Blood samples of 0.5 mL were taken
from the jugular vein of each animal into sterile tubes
without anticoagulant (Vacutainer), considering surveys
of all the criteria of asepsis and disinfection, which were
conducted in isothermal cells to the Animal Reproduction
and Genetics Laboratory of the Universidad de los Llanos
for processing. The samples were centrifuged at 2,000g
for 10 minutes, and the sera were extracted and
transferred to Eppendorf tubes using a Pasteur pipette and
stored at —20 °C until analysis.

2.3. ELISA test

The samples were analysed using the ID Screen
BLV Competition ELISA kit from Innovative Diagnostics
Vet, which allows the detection of anti-gp51 antibodies.
The reading was carried out using a spectrophotometer
that measures the optical densities of samples and
controls with which a relationship of the percentage of
competition was made. Consequently, the optical density
was determined at 450 nm, the positive samples whose
values were greater than or equal to 0.50 optical density
with a wavelength of 450 nm, values below were
considered negative. The kit has a sensitivity of 96.3%
and a specificity of 99.6%.

2.4 Statistics and risk analysis

For the risk factor analysis an epidemiological
questionnaire was applied per farm, where information
was collected on the populations and species of domestic
animals, productive activities, infrastructure, technical
assistance, sanitation and biosafety practices. The
questionnaire was applied and standardised in
coordination with the national agricultural authorities,
namely, the Colombian Agricultural Institute (ICA).
Univariate analysis was performed using Pearson’s chi-
square test, 2x2 table and OR calculation to assess the
relationship between bovine leukosis and the variables.
Variables with p<0.05 in the univariate analysis were
included in the multivariate logistic regression model.
Statistical analyses were performed using SPSS, version
20 software (SPSS Inc., Chicago, 11, USA).

2.5. Ethical statement

In this study, the animals received treatment
following the animal experimentation rules described in
the International Guiding Principles for Veterinary
Research Involving Animals and the owners of the
animals signed informed consent before their inclusion in
the study. The study was approved by the Ethics
Committee of the Faculty of Agricultural Sciences of the
Universidad de Ciencias Aplicadas y Ambientales
(UDCA) N. 001-2017.
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3. Results

The general seroprevalence was 24.6% (95% CI:
21.04-28.7) and the herd seroprevalence was 83.33%.
Regarding the sex, females presented a seroprevalence of
25.04% (95% CI: 21.2-29.39) and males 21.31% (95%
CI: 11.85-35.53) (Table 1). The age range of the animals
was divided into four groups: age 0-1 year with a
prevalence of 22.3% (95% CI: 14.2-33.57); age 1-2 years
with a prevalence of 20.9% (95% CI: 11.89-34.23); age
2-3 years with a prevalence of 17.8% (95% CI: 8.25—
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33.76); and older than four years with a prevalence of
26.5% (95% CI: 21.9-31.73).

The villages with the highest prevalence were
Amor with 41.0% (95% CI: 31.3-52.7) followed by
Apaiay with 30.9% (95% CI: 19.6—46.4) and Bella Suiza
with 26.1% (95% CI: 19.8-33.6) (Figure 1). No positive
cases were detected on four farms (16.6%) and a
seroprevalence above 50% was presented on six farms
(25%).

Table 1. Seroprevalence of bovine leukosis according to population characteristics from Villavicencio, Colombia.

Age 0-1 21 94 22.3% 14.2-33.57%

Age 2-3 years 8 45 17.8% 8.25-33.76%

Sex

Male 13

21.31% 11.85-35.53%

Confidence Interval: CI
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Figure 1. Seroprevalence of antibodies of bovine leukosis in the municipality of Villavicencio, Colombia.
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In the analysis of risk factors, abortion (OR =
5.138 95% CI: 3.378-9.595), non-bearing cows (OR =
2.682 95% CI: 1.804-3.985), artificial insemination (OR
=2.036 95% CI: 1.408-2.945), use of a common needle
(OR =2969 95% CI: 1.891-4.659), Creole breed (OR =
2.206 95% CI: 1.321-3.047) and livestock exhibitions
(OR = 5276 95% CI: 2.989-9.313) were identified as risk
factors (Table 2). The protective factors were the use of a
bull for direct mounting (OR = 0.584 95% CI: 0.386—
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0.884) and concentrate storage (OR = 0.321 95% CI:
0.220-0.468). In the analysis according to breed, the
Pardo (OR = 0.324 95% CI: 0.200-0.523), Angus (OR =
0.361 95% CI: 0.176-0.742), Zebu (OR = 0.391 95% CI:
0.249-0.631) and Girolando (OR =0.523 95% CI: 0.351—
0.778) were considered as protective factors. The results
of the multivariate logistic regression model are shown in
Table 3.

Table 2. Analysis of risk factors associated with the seroprevalence of bovine leukosis in Villavicencio, Colombia.

Variables X2 P -value OR 95% CI
Female 0.413 0.520 1.234 0.650-2.342
Male 0.413 0.520 0.811 0.427-1.539
Under 1 year old 0.326 0.568 0.859 0.509-1.448
1-2 years old 0.579 0.447 0.787 0.424-1.461
2-3 years old 1.243 0.265 0.641 0.292-1.408
Older than 4 years old 2.381 0.123 1.368 0.918-2.037
Abortion 50.226 0.000 5.138 3.378-9.595
Non-bearing cows 24.802 0.000 2.682 1.804-3.985
Reproduction by natural mating 6.570 0.010 0.584 0.386-0.884
Artificial insemination 14.537 0.000 2.036 1.408-2.945
Pardo breed 22.659 0.001 0.324 0.200-0.523
Angus breed 8.265 0.004 0.361 0.176-0.742
Cebu breed 17.553 0.000 0.391 0.249-0.631
Girolando breed 10.418 0.001 0.523 0.351-0.778
Creole breed 10.913 0.001 2.206 1.321-3.047
Common needle 23.757 0.000 2.969 1.891-4.659
Livestock exhibitions 38.729 0.001 5.276 2.989-9.313
Buried dead animals 6.958 0.008 2.314 1.224-4.377
Concentrates on pallets 36.569 0.000 0.321 0.220-0.468

Statistically significant (P < 0.05), Confidence Interval: CI

Table 3. Multivariate logistic regression analysis associated with the seroprevalence of leukosis in cattle from Villavicencio, Colombia.

Variable B Exp(B) P -value 95% CI
Abortion 0.244 1.968 0.002 0.092-0.395
Non-bearing cows 0.453 2.682 0.000 0.289-0.618
Pardo breed —0.306 0.324 0.000 —0.430-0.183
Zebu breed —0.148 0.391 0.001 —0.231-0.064
Girolando breed 0.186 0.523 0.001 0.072-0.300
Livestock exhibitions 0.224 5.276 0.002 0.081-0.367

Potential risk factors (P < 0.05) were selected
for inclusion in the multivariate model. Statistically
significant P < 0.05; CI: confidence interval (95%).

4. Discussion

The present study showed a herd seroprevalence
of 83.3% for the municipality of Villavicencio. A high
herd seroprevalence of 94.2% has been reported in the
US in a study of 103 dairy herds from 11 states ('?). In
Canada, a herd seroprevalence of 79% was reported in a
study of seven provinces ('*). However, in Turkey, a low
herd seroprevalence of 11.82% was identified from the
analysis of 28,982 animals from 1,116 herds ('*). The
seroprevalence at the animal level in Villavicencio was
24.6%; similar results were found in Iran in the analysis

of 429 blood samples from industrial dairy herds with a
seroprevalence of 25.4% (*). In Japan, a total of 5,420
bovines from 209 farms was analysed, reporting a global
seroprevalence of 28.6% ('%). In the United Arab
Emirates, 957 bovine sera were analysed by ELISA,
observing a seroprevalence of 25.7% ('"). In Egypt, dairy
cattle were studied in four provinces in the Nile Delta
with a seroprevalence between 16.2% and 20.3%,
depending on the province ('®).

In Latin America, similar results were observed in
Argentina, in the province of Corrientes, where a
seroprevalence of 32.53% in 126 animals was reported
through the analysis by agar gel immunodiffusion tests
(*). However, in some regions, low prevalence rates are
still reported. For example, in Paraiba-Brazil a
seroprevalence of 10.8% was reported from the analysis
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of 2,067 animals (*°); in the state of Rio Grande do Sul-
Brazil, a prevalence of 9.2% was determined (*'), while
in the Brazilian Amazon a seroprevalence rate of 8.9%
(**) was noted. In Chile, in the Los Rios and Los Lagos
regions, a seroprevalence of 15.6% was reported from
the analysis of 4,360 animals by ELISA tests (*)). In
Colombia, high prevalence rates of the disease were
determined in the department of Santander, where a
seroprevalence of 73% was reported from the analysis of
360 samples from 75 herds (**). A study in various
regions of Colombia identified a seroprevalence of
42.7% at the animal level and 67.7% at the herd level; in
Antioquia, a seroprevalence of 53.9% was identified, in
Boyaca seroprevalence was between 31.1% and 78%, in
Cesar between 77.1% and 79.9%, in Cordoba between
5.1 and 19.5%, in Cundinamarca between 35% and 36%,
and 26.5% in Narifio (¥*). It is important to consider that
serological diagnosis can identify antibodies 2—3 weeks
post infection, while PCR diagnosis identifies the
presence of virus, being a complementary technique,
mainly in cases such as young animals (*).

The analysis of risk factors did not identify a
correlation between the disease and the variables of sex
and age; although the range with the highest prevalence
were animals over four years of age, and under one year
of age, which may be associated with maternal
immunity; there are various reports on the increase in
bovine leukosis in adults ('*?*). An association of the
disease with reproductive symptoms such as abortion
and non-bearing cows was observed. Few studies have
associated the disease with abortion; malignant
lymphoid neoplasia has been reported in two foetuses
and their abortion was assumed to have been caused by
the bovine leukosis virus (*’). In Monteria-Colombia, a
study was conducted on animals with reproductive
problems, identifying the circulation of disease with a
high percentage of bovine leukosis (*). Diseases can
occur concomitantly or evidence of immunosuppression
in cattle infected with leukosis has been reported. The
disease causes immunological disturbances at the level
of cellular immunity, modifying the number and profile
of T cells, which could increase the risk of the
presentation of other infectious diseases (*°). In
Michigan, United States, co-infections with reproductive
diseases,  specifically  between  leukosis  and
mycobacteria, have been reported (*°). Artificial
insemination is a risk factor; several studies explored the
transmission of the disease by this route, however, the
findings are diverse. The presence of the virus has been
identified in semen (3" 3?); however, other studies have
reported the absence of the virus in the semen of positive
animals (**) as well as low viral transmission through
semen (**). In Chile, the presence of the discase was
associated with artificial insemination (*); the authors
state that procedures involving artificial insemination,
such as rectal palpation and glove contamination, can
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transmit high viral loads through the rectal mucosa.
Natural mating was a protective factor in this study. In
the United States, the transmission of bovine leukosis
was evaluated during natural mating between a BLV-
infected bull and non-infected heifers, not identifying
transmission (*%)

The study of biosafety practices as risk factors
identified common needles as a risk factor, Hutchinson et
al. (*") reported similar results associating the
transmission of the disease with the reuse of needles;
however, experimental studies conducted previously by
Weber et al., (**) showed that the number of infectious
lymphocytes that pass during injection with common
needles is too small to induce infection. Therefore, the
different management practices that may intervene with
other additional factors must be analysed. The mobility
of animals, the entry of new animals and contact with
animals have been reported as sources of disecase
transmission (*°). In the present study, we identified
livestock exhibitions as a risk factor. In Brazil, acquiring
new animals in the last year was identified as a risk factor
(*°) and in Canada, farms that did not buy cows in the last
five years were more likely to be free of bovine leukosis
(). Concentrates on pallets was observed as a protection
factor, as well as a risk factor for buried dead animals,
showing the importance of animal management to
prevent horizontal transmission. However, more studies
are required to fully understand the transmission
mechanisms and substantiate control programmes.

This study identified the Pardo, Angus, Zebu and
Girolando breeds as protective factors, while the Creole
breed was a risk factor. Several studies have reported a
higher presence of the disease in dairy cattle ('%). In
Turkey, Holstein cattle had a higher risk of being infected
by leukosis compared to Brown Swiss cattle (4). In
Colombia, a higher risk was observed associated with the
Holstein and Normande breeds (!'). Dairy breeds
presented a greater exposure to sources of infection, such
as routine palpation, milking and vaccination needles,
among others. However, it is important to highlight the
widespread use of the Creole breed for a dual purpose
(milk—meat) in the study region, which could influence
the results obtained. Similarly, the best management
given to them should be considered for high value
breeds. The association of genetics and disease has
recently been studied, where the genetic diversity of the
innate and adaptive immune system in animals provides
antigen-presenting cells with variability in the immune
response to particular pathogens for individuals ().
Studies have associated the disease with familial
lineages; the DRB3 and DQAT alleles of BoLA Class II
were found to be associated with resistance or
susceptibility (*°). Therefore, breed influences the
presentation of the disease, so future genetic findings
may be used in the control of the disease.
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5. Conclusions

This study shows that the seroprevalence of bovine
leukosis was 24.6% at the individual and 83.3% at the in
the herd, being slightly higher in females and in those
individuals aged four years and older. Leukosis is not an
officially monitored in Colombia; it is mainly associated
with reproductive risk factors and management, such as
abortion, non-breeding cows, artificial insemination, use
of common needles, Creole breed and participation in
livestock exhibitions.

Declaration of conflict of interest
The authors declare that there are no conflicts of interest.

Author contribution

Conceptualization: J. Conde-Muiloz, N. Reyes-Bernal, M. F.
Guatibonza-Garzon, J. C. Tobon, D. L. Valero, B. L. G.
Barragan. Data curation: J. Conde-Muioz, N. Reyes-Bernal, M.
F. Guatibonza-Garzon, J. C. Tobon, D. L. Valero, B. L. G.
Barragan. , Formal Analysis: J. Conde-Muioz, N. Reyes-
Bernal, M. F. Guatibonza-Garzon, D. L. Valero, B. L. G.
Barragan. Investigation: J. Conde-Muiloz, N. Reyes-Bernal, M.
F. Guatibonza-Garzon, J. C. Tobon, B. L. G. Barragan.
Methodology: J. Conde-Mufioz, N. Reyes-Bernal, M. F.
Guatibonza-Garzon, J. C. Tobon, D. L. Valero, B. L. G.
Barragan. Project administration: J. C. Tobon e B. L. G.
Barragan. Resources: J. C. Tobon and B. L. G. Barragan.
Funding acquisition: J. C. Tobon. Software: J. Conde-Muiioz, N.
Reyes-Bernal, M. F. Guatibonza-Garzon, D. L. Valero, B. L. G.
Barragan. Supervision: J. C. Tobon and B. L. G. Barragan.
Writing (original draft):J. Conde-Muiioz, N. Reyes-Bernal, M.
F. Guatibonza-Garzon, D. L. Valero, B. L. G. Barragan. Writing
(review & editing): J. C. Tobon and B. L. G. Barragan.

References

1. Bartlett PC, Ruggiero VJ, Hutchinson HC, Droscha CJ,
Norby B, Sporer KR, Taxis T. M. Current developments in the
epidemiology and control of enzootic bovine leukosis as caused
by bovine leukemia virus. Pathogens. 2020; 9(12): 1058. Availa-
ble from: http://doi.org/10.3390/pathogens9121058

2. Polat M, Takeshima SN, Aida Y. Epidemiology and genetic
diversity of bovine leukemia virus. Virology Journal. 2017;
14(1): 1-16. Available from: http://doi.org/10.1186/s12985-017-
0876-4.

3. Schwartz I, Levy D. Pathobiology of bovine leukemia virus.
Veterinary Research. 1994; 25(6): 521-536. Available from:

https://pubmed.ncbi.nlm.nih.gov/7889034/.

4. Kuczewski A, Orsel K, Barkema HW, Mason S, Erskine R,
Van der Meer F. Invited review: Bovine leukemia virus—Trans-
mission, control, and eradication. Journal of Dairy Science.
2021; 104(6): 6358-6375. Available from: http://doi.org/
10.3168/jds.2020-18925.

5. Ruiz V, Porta NG, Lomoénaco M, Trono K, Alvarez 1. Bovine
leukemia virus infection in neonatal calves. Risk factors and
control measures. Frontiers in Veterinary Science. 2018; 5: 267.
Available from: http://doi.org/10.3389/fvets.2018.00267.

2023, Cienc. Anim. Bras., V24, e-74298E

6. Delarmelina E, Buzelin MA, Souza BSD, Souto FM, Bicalho
JM, Camara RJF, Reis J KPD. High positivity values for bovine
leukemia virus in human breast cancer cases from Minas Gerais,
Brazil. PLoS One. 2020; 15(10): ¢0239745. Available from:
http://doi.org/10.1371/journal.pone.0239745.

7. Khatami A, Pormohammad A, Farzi R, Saadati H, Mehrabi
M, Kiani SJ, Ghorbani S. Bovine Leukemia virus (BLV) and
risk of breast cancer: a systematic review and meta-analysis of
case-control studies. Infectious Agents and Cancer. 2020: 15(1):
1-8. Available from: http://doi.org/10.1186/s13027-020-00314-
7.

8. Federacion Colombiana de Ganaderos (FEDEGAN). Si-
tuacion en Colombia de enfermedades bovinas no sujetas a con-
trol oficial recopilacion de resultados diagnosticos 2005-2009.
Bogota DC: FEDEGAN. 2010.

9. ICA Censo Pecuario Nacional. Instituto Colombiano Agro-
pecuario. Bogota DC: ICA; 2016. [cited 2022 June 1]. Available
from: https://www.ica.gov.co/Areas/Pecuaria/Servicios/Epi-
demiologia-Veterinaria/Censos-2016/Censo-2017.aspx. Ac-
cessed: June 10, 2021.

10.Dohoo I, Martin W, Stryhn H. Veterinary epidemiologic re-
search. 2 nd. Canada: VER Inc. 2003. 865p. English.

11.Bulla-Castaiieda DM, Diaz-Anaya AM, Garcia-Corredor DJ,
Pulido-Medellin MO. Serodiagnosis of paratuberculosis in cat-
tle of the municipality of Sogamoso, Boyaca (Colombia). En-
tramado. 2020; 16(2): 312-320. Available from:http://www.scie-
lo.org.co/scielo.php?script=sci_abstract&pid=S1900-
38032020000200312

12.LaDronka RM, Ainsworth S, Wilkins MJ, Norby B, Byrem
TM, Bartlett PC. Prevalence of bovine leukemia virus antibod-
ies in US dairy cattle. Veterinary Medicine International. 2018.
Available from: http://doi.org/10.1155/2018/5831278.

13.Nekouei O, VanLeeuwen J, Sanchez J, Kelton D, Tiwari A,
Keefe G. Herd-level risk factors for infection with bovine
leukemia virus in Canadian dairy herds. Preventive Veterinary
Medicine. 2015; 119(3-4): 105-113. Available from: http://doi.
org/10.1016/j.prevetmed.2015.02.025.

14.Sevik M, Aver O, Ince OB. An 8-year longitudinal sero-epi-
demiological study of bovine leukaemia virus (BLV) infection
in dairy cattle in Turkey and analysis of risk factors associated
with BLV seropositivity. Tropical Animal Health and Produc-
tion, 2015; 47(4): 715-720. Disponivel em: http://doi.org/
10.1007/s11250-015-0783-x.

15.Mousavi S, Haghparast A, Mohammadi G, Tabatabaeizadeh
S. Prevalence of bovine leukemia virus (BLV) infection in the
northeast of Iran. Veterinary Research Forum. 2014; 5(2):135-9.
PMID: 25568707, PMCID: PMC4279628

16.Murakami K, Kobayashi S, Konishi M, Kameyama KI, Ya-
mamoto T, Tsutsui T. The recent prevalence of bovine leukemia
virus (BLV) infection among Japanese cattle. Veterinary Micro-
biology. 2011; 148(1); 84-88. Available from: http://doi.org/
10.1016/j.vetmic.2010.08.001.

17.Hassan NAD, Mohteshamuddin K, Anthony A, Al Aiyan A,
Mohamed ME, Abdalla Alfaki IM, Barigye R. Serological evi-
dence of enzootic bovine leukosis in the periurban dairy cattle
production system of Al Ain, United Arab Emirates. Tropical
Animal Health and Production. 2020: 52(5): 2327-2332. Avail-
able from: http://doi.org/10.1007/s11250-020-02262-1.

18.Selim A, Marawan MA, Ali AF, Manaa E, AbouelGhaut HA.
Seroprevalence of bovine leukemia virus in cattle, buffalo, and
camel in Egypt. Tropical Animal Health and Production. 2019;
52(3): 1207-1210. Available from: http://doi.org/10.1007/
s11250-019-02105-8.



http://doi.org/10.3390/pathogens9121058
http://doi.org/10.1186/s12985-017-0876-4
http://doi.org/10.1186/s12985-017-0876-4
https://pubmed.ncbi.nlm.nih.gov/7889034/
http://doi.org/10.3168/jds.2020-18925
http://doi.org/10.3168/jds.2020-18925
http://doi.org/10.3389/fvets.2018.00267
http://doi.org/10.1371/journal.pone.0239745
http://doi.org/10.1186/s13027-020-00314-7
http://doi.org/10.1186/s13027-020-00314-7
https://www.ica.gov.co/Areas/Pecuaria/Servicios/Epidemiologia-Veterinaria/Censos-2016/Censo-2017.aspx
https://www.ica.gov.co/Areas/Pecuaria/Servicios/Epidemiologia-Veterinaria/Censos-2016/Censo-2017.aspx
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S1900-38032020000200312
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S1900-38032020000200312
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S1900-38032020000200312
http://doi.org/10.1155/2018/5831278
http://doi.org/10.1016/j.prevetmed.2015.02.025
http://doi.org/10.1016/j.prevetmed.2015.02.025
http://doi.org/10.1007/s11250-015-0783-x
http://doi.org/10.1007/s11250-015-0783-x
http://doi.org/10.1016/j.vetmic.2010.08.001
http://doi.org/10.1016/j.vetmic.2010.08.001
http://doi.org/10.1007/s11250-020-02262-1
http://doi.org/10.1007/s11250-019-02105-8
http://doi.org/10.1007/s11250-019-02105-8

Conde-Munoz J et al.

19.Resoagli JP, Jacobo RA, Storani CA, Cipolini MF, Stamatti
GM, Deco M, Alfonzo D. Seroprevalencia de leucosis enzootica
bovina en rodeos de cria de la provincia de Corrientes, Argenti-
na. Revista de Medicina Veterinaria-Buenos Aires. Revista de
Medicina Veterinaria-Buenos Aires. 2001; 82(2): 71-73.

20.Ramalho GC, Silva MLCR, Falcao BMR, Limeira CH, No-
gueira DB, Dos Santos AM. de Azevedo SS. High herd-level
seroprevalence and associated factors for bovine leukemia virus
in the semi-arid Paraiba state, Northeast Region of Brazil. Pre-
ventive Veterinary Medicine. 2021; 190: 105324. Disponivel
em: http://doi.org/10.1016/j.prevetmed.2021.105324.

21.Moraes MP, Weiblen R, Flores EF, Oliveira JCD, Rebelatto
MC, Zanini M, Pereira NM. Levantamento sorologico da infec-
¢do pelo virus da leucose bovina nos rebanhos leiteiros do esta-
do do Rio Grande do Sul, Brasil. Ciéncia Rural. 1996; 26(2):
257-262. Available from: http://doi.org/10.1590/S0103-

2023, Cienc. Anim. Bras., V24, e-74298E

30.Sledge DG, Maes R, Wise A, Kiupel M, Fitzgerald SD. Coin-
fection of a cow with bovine leukemia virus and Mycobacterium
bovis. Journal of Veterinary Diagnostic Investigation. 2009;
21(6): 878-882. Disponivel em:: http://doi.org/
10.1177/104063870902100621.

31.Kuczewski A, Orsel K, Barkema HW, Mason S, Erskine R,
Van der Meer F. Invited review: Bovine leukemia virus—Trans-
mission, control, and eradication. Journal of Dairy Science.
2021; 104(6): 6358-6375. Available from: http:/doi.org/
10.3168/jds.2020-18925.

32.Khamesipour F, Doosti A, Shahraki AK, Goodarzi M.
Molecular detection of bovine leukemia virus (BLV) in the
frozen semen samples of bulls used for artificial insemination in
Iran. Research Opinions in Animal and Veterinary Sciences.
2013; 3(11): 412-416. Available from: https://www.cabdirect.
org/cabdirect/abstract/20133383804

84781996000200015.

22.Carneiro PAM, Araujo WPD, Birgel EH, Souza KWD. Pre-
valéncia da infecg@o pelo virus da leucose dos bovinos em reba-
nhos leiteiros criados no Estado do Amazonas, Brasil. Acta
Amazonica. 2003; 33: 111-125. Available from: http://doi.org/
10.18041/1900-3803/entramado.2.6758

23.Grau MA, Monti G. Prevalencia seroldgica predial e intrap-
redial para el virus de la leucosis bovina (VLB) en lecherias de
las regiones de Los Rios y de Los Lagos de Chile. Archivos de
Medicina Veterinaria, 2010; 42(2): 87-91. Available from: http:/
/doi.org/10.4067/S0301-732X2010000200010.

24 Rojas JLC, Martinez FA, Tarazona A, Cepeda BM. Pre-
valencia de la seropositividad a la leucosis bovina mediante la
técnica diagnostica de ELISA indirecta en hatos lecheros si-
tuados en Mesa de los Santos, Santander. Spei Domus. 2009;
5(11): 6-11. Available from: https://repository.ucc.edu.co/han-
dle/20.500.12494/9821.

25.0rtiz OD, Sanchez A, Tobon J, Chaparro Y, Cortés S, Gu-
tiérrez MA. Seroprevalence and risk factors associated with
bovine leukemia virus in Colombia. Journal of Veterinary
Medicine and Animal Health. 2016; 8(5): 35-43. Available from:
doi: http://doi.org/10.5897/JVMAH2016.0457

26.Erskine RJ, Bartlett PC, Byrem TM, Render CL, Febvay C,
Houseman JT. Association between bovine leukemia virus, pro-
duction, and population age in Michigan dairy herds. Journal of
Dairy Science. 2012; 95(2):727-734. Available from: http://doi.
org/10.3168/jds.2011-4760.

27.Kirkbride CA. Etiologic agents detected in a 10-year study of
bovine abortions and stillbirths. Journal of Veterinary Diagnos-
tic Investigation. 1992; 4(2): 175-180. Available from: http://
doi.org/10.1177/104063879200400210.

28.Betancur C, Rodas J. Seroprevalencia del virus de la leucosis
viral bovina en animales con trastornos reproductivos de Monte-
ria. Revista MVZ. 2008;13(1): 1197-1204. Available from:
http://www.scielo.org.co/scielo.php?script=sci_artt

ext&pid=S0122-02682008000100011

29.Blagitz MG, Souza FN, Batista CF, Azevedo LFF, Sanchez
ER, Diniz SA, Della Libera AMMP. Immunological implica-
tions of bovine leukemia virus infection. Research in Veterinary
Science. 2017; 114: 109-116. Available from: http://doi.org/
10.1016/j.rvsc.2017.03.012.

33.Choi KY, Monke D, Stott, JL. Absence of bovine leukosis
virus in semen of seropositive bulls. Journal of Veterinary Diag-
nostic Investigation. 2002; 14(5); 403-406. Available from:
http://doi.org/10.1177/104063870201400507.

34.Wrathall AE, Simmons HA, Van Soom A. Evaluation of risks
of viral transmission to recipients of bovine embryos arising
from fertilisation with virus-infected semen. Theriogenology.
2006; 65(2): 247-274. Available from: http://doi.org/10.1016/j.
theriogenology.2005.05.043.

35.Benavides B, Monti G. Assessment of Natural Transmission
of bovine leukemia virus in dairies from southern Chile. Ani-
mals (Basel). 2022; 12(13):1734. Available from: http://doi.org/
10.3390/ani12131734.

36.Benitez OJ, Roberts JN, Norby B, Bartlett PC, Maeroff JE,
Grooms DL. Lack of Bovine leukemia virus transmission during
natural breeding of cattle. Theriogenology. 2019;1(126): 187-
190. Available from: http://doi.org/10.1016/j.theriogenolo-
2y.2018.12.005

37.Hutchinson HC, Norby B, Erskine RJ, Sporer KRB, Bartlett
PC. Herd management practices associated with bovine
leukemia virus incidence rate in Michigan dairy farms. Preven-
tive Veterinary Medicine. 2020; 182: 105084. Available from:
https://doi.org/10.1016/j.prevetmed.2020.105084

38.Weber AF, Meiske JC, Haggard DL, Sorensen DK, Doma-
gala AM, Flaum AM. Failure to demonstrate transmission of en-
zootic bovine leukemia virus infection from cows to sheep by
use of common injection needles. American Journal of Veteri-
nary Research. 1988; 49(11): 1814-1816. PMID: 2854706

39.Casal J, Learte P, Torre EA. A path model of factors influenc-
ing bovine leukemia virus transmission between cattle herds.
Preventive Veterinary Medicine. 1990; 10(1-2): 47-61. Avail-
able from: http://doi.org/10.1016/0167-5877(90)90050-R

40.Udina IG, Karamysheva EE, Turkova SO, Orlova AR, Suli-
mova GE. Genetic mechanisms of resistance and susceptibility
to leukemia in Ayrshire and black pied cattle breeds determined
by allelic distribution of gene Bola-DRB3. Russian Journal of
Genetics. 2003; 39(3): 306-317. Available from: http://doi.org/
10.1023/A:1023279818867



http://doi.org/10.1016/j.prevetmed.2021.105324
http://doi.org/10.1590/S0103-84781996000200015
http://doi.org/10.1590/S0103-84781996000200015
http://doi.org/10.1590/S0103-84781996000200015
http://doi.org/10.18041/1900-3803/entramado.2.6758
http://doi.org/10.18041/1900-3803/entramado.2.6758
http://doi.org/10.18041/1900-3803/entramado.2.6758
http://doi.org/10.4067/S0301-732X2010000200010
http://doi.org/10.4067/S0301-732X2010000200010
http://doi.org/10.4067/S0301-732X2010000200010
https://repository.ucc.edu.co/handle/20.500.12494/9821
https://repository.ucc.edu.co/handle/20.500.12494/9821
http://doi.org/10.5897/JVMAH2016.0457
http://doi.org/10.3168/jds.2011-4760
http://doi.org/10.3168/jds.2011-4760
http://doi.org/10.1177/104063879200400210
http://doi.org/10.1177/104063879200400210
http://www.scielo.org.co/scielo.php?script=sci_artt%20ext&pid=S0122-02682008000100011
http://www.scielo.org.co/scielo.php?script=sci_artt%20ext&pid=S0122-02682008000100011
http://www.scielo.org.co/scielo.php?script=sci_artt%20ext&pid=S0122-02682008000100011
http://doi.org/10.1016/j.rvsc.2017.03.012
http://doi.org/10.1016/j.rvsc.2017.03.012
http://doi.org/10.1177/104063870902100621
http://doi.org/10.1177/104063870902100621
http://doi.org/10.3168/jds.2020-18925%202
http://doi.org/10.3168/jds.2020-18925%202
https://www.cabdirect.org/cabdirect/abstract/20133383804
https://www.cabdirect.org/cabdirect/abstract/20133383804
http://doi.org/10.1177/104063870201400507
http://doi.org/10.1016/j.theriogenology.2005.05.043
http://doi.org/10.1016/j.theriogenology.2005.05.043
http://doi.org/10.3390/ani12131734
http://doi.org/10.3390/ani12131734
http://doi.org/10.3390/ani12131734
http://doi.org/10.1016/j.theriogenology.2018.12.005
http://doi.org/10.1016/j.theriogenology.2018.12.005
https://doi.org/10.1016/j.prevetmed.2020.105084
http://doi.org/10.1016/0167-5877(90)90050-R
http://doi.org/10.1023/A:1023279818867
http://doi.org/10.1023/A:1023279818867

