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Abstract
Bovine leukemia virus (BLV) is the causative agent of leukemia/lymphoma in cattle. However, previous evidence has shown 
its presence in other species of livestock as well as in humans, suggesting that other species can be accidental hosts of the 
virus. In viral infections, receptors that are common to different animal species are proposed to be involved in cross-species 
infections. For BLV, AP3D1 has been proposed to be its receptor, and this protein is conserved in most mammalian species. 
In Colombia, BLV has been reported in cattle with high prevalence rates, but there has been no evidence of BLV infections 
in other animal species. In this study, we tested for the virus in sheep (n = 44) and buffaloes (n = 61) from different regions 
of Colombia by nested PCR, using peripheral blood samples collected from the animals. BLV was found in 25.7% of the 
animals tested (12 buffaloes and 15 sheep), and the results were confirmed by Sanger sequencing. In addition, to gain more 
information about the capacity of the virus to infect these species, the predicted interactions of AP3D1 of sheep and buffa-
loes with the BLV-gp51 protein were analyzed in silico. Conserved amino acids in the binding domains of the proteins were 
identified. The detection of BLV in sheep and buffaloes suggests circulation of the virus in multiple species, which could be 
involved in dissemination of the virus in mixed livestock production settings. Due to the presence of the virus in multiple 
species and the high prevalence rates observed, integrated prevention and control strategies in the livestock industry should 
be considered to decrease the spread of BLV.

Introduction

The livestock industry is one of the most important areas of 
economic activity in Latin America and is a major source of 
food and income for the communities [1]. Due to its location, 
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proximity to the equator, climate, and broad landscapes, 
Latin America has become in one of the largest producers 
of livestock worldwide [1, 2]. Mixed crop/livestock systems 
are common in Latin America, with multiple animal species 
raised together on the same farms [3, 4]. Although some 
studies have demonstrated the advantages of multi-species 
farming systems [5–8], these systems require increased labor 
and management on the farms. As the demand for livestock 
increases, new challenges also should be considered, such as 
the management of mixed-species animal herds in terms of 
food supplies for the animals, water sources, spatial distribu-
tion, and control of infectious disease outbreaks [9]. Higher 
risks of infectious disease transmission might exist due to 
interactions between different species, favoring the spread 
and expansion of the host range of microorganisms among 
animal species and even humans, leading to emerging infec-
tious diseases [8, 10].

One of the most important concerns about these infections 
in multiple animal species is that some animals could remain 
asymptomatic, serving as intermediate hosts and playing a 
crucial role in the dissemination of pathogens. Outbreaks 
of infectious diseases among animals result in economic 
losses due to the need for treatment, reduction in productiv-
ity, early culling of infected animals, and restrictions to their 
commercial use [10]. Recent outbreaks in mixed livestock 
production facilities have been reported for both viruses and 
bacteria, indicating the occurrence of interspecies infections, 
coinfections with multiple pathogens, and dissemination of 
multi-drug-resistant bacteria [11, 12]. Crossing the species 
barrier also increases the risk of spillover to humans [13], 
as pathogens develop new features, with high mutation rates 
and recombination processes leading to the emergence of 
infections with zoonotic potential [8, 10].

Bovine leukemia virus (BLV) is a retrovirus with onco-
genic potential and is the etiological agent of enzootic 
bovine leukosis, which is distributed worldwide with high 
prevalence rates, particularly in Latin America [14]. BLV 
establishes a persistent infection for the entire life of the 
animal, but more than 70% of infected animals remain 
asymptomatic. The other 30% develop persistent lymphocy-
tosis, and between 5 and 10% develop leukemia/lymphoma, 
which is the most advanced stage of the disease [15]. BLV 
infection leads to economic losses in the livestock industry, 
as it increases the risk of secondary infections in the host, 
decreases milk production, favors weight loss, and increases 
the risk of abortions and other unfavorable clinical outcomes 
[16, 17].

BLV appears to be a versatile infectious agent, as evi-
dence of natural infections has been reported in multiple 
animal species [18, 19], including buffaloes [20], yaks 
[21, 22], sheep [23, 24], and alpacas [25]. In addition, 
BLV has been found in breast tissue [26, 27], lungs [28], 
and blood [29] of humans, suggesting the occurrence of 

zoonotic infections, which might be associated with can-
cer development [30–32]. Recently, co-circulation of the 
virus among humans and cattle was also reported, with 
evidence of transfer of molecular signatures and genetic 
flux between species [33]. This suggests that food products 
obtained from infected cattle could be a potential source of 
viral dissemination and zoonosis [34]. One of the proposed 
mechanisms of cross-species infection is the use of recep-
tors that are conserved among species, allowing viruses 
to replicate in both natural and accidental hosts [35]. For 
BLV, transport proteins such as AP3D1 (adaptor-related 
protein complex-3) [36, 37] and CAT1/SLC7A1 (cationic 
amino acid transporter-1/solute carrier family 7 member 
1) [38] have been identified as potential receptors in cattle. 
These proteins interact with the gp51 Env protein, which 
is located in the viral envelope and mediates viral entry 
into the host cells [39]. In our research group, interac-
tions between bovine AP3D1 and the gp51 Env protein 
of BLV have been characterized using both in silico and 
in vitro techniques [36]; however, there is no evidence 
of interactions with the corresponding proteins of other 
animal species, despite the presence of the virus in other 
animal hosts.

In Colombia, BLV was detected recently with high preva-
lence rates (62%) in the cattle industry, distributed through-
out the main livestock production regions in the country 
[40]. The livestock industry in Colombia, and in Latin 
America in general, has a strong impact on its economic 
development, with a significant expansion in the last decade 
[2]. Mixed livestock farms are common in Colombia, par-
ticularly those with cattle, sheep, and buffaloes, which are 
species that have undergone a significant increase in their 
populations. Both sheep and buffaloes are raised commer-
cially as sources of meat for human consumption and for 
production of milk and dairy products [41, 42]. Although 
Colombia has an epidemiological surveillance system for 
animal health administered by ICA (Instituto Colombiano 
Agropecuario), there are still gaps in the diagnosis and con-
trol of infectious diseases listed in the OIE Terrestrial Ani-
mals Health Code [43]. Enzootic bovine leukosis is consid-
ered a disease of concern by the OIE [44], but unfortunately, 
is not included in the official standards of control of animal 
diseases in Colombia, and thus, diagnosis is not supported 
by the government [45, 46]. Considering the high preva-
lence of BLV in Colombian cattle [40] and evidence of the 
virus in other livestock species in other regions, this study 
was aimed at determining whether the virus is circulating in 
sheep and buffaloes in Colombia, as no studies are available 
that focused on these species. Likewise, as part of the sup-
porting evidence of the natural infection of these species, 
in silico modeling of the AP3D1 proteins of buffaloes and 
sheep and their interactions with the gp51 protein of BLV 
was performed.
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Materials and methods

Analysis of AP3D1 of multiple species 
and interactions with gp51 of BLV

Retrieval and multiple alignment of AP3D1 sequences

To investigate the plausibility of natural transmission of 
BLV to other species present on mixed farms, as well as 
its zoonotic potential, sheep, goat, buffalo, deer, alpaca, 
pig, horse, and human AP3D1 sequences were retrieved 
from the National Center for Biotechnology Information 
(NCBI, USA) database and compared to the bovine AP3D1 
sequence as a reference (Table 1). Multiple sequence align-
ment (MSA) was performed using the ClustalW tool avail-
able in MEGA7 software [47]. The final alignment was visu-
alized and edited using Jalview Ver2.11.1.4 [48].

AP3D1 and Env protein 3D structures and docking 
simulations

Protein structures used in this study were predicted previ-
ously by our research group [36]. Briefly, COPI (PDB ID 
5A1U) and AP2 adaptor complex (PDB ID 2VGL) crys-
tal structures were used as templates for modeling the 3D 
structures of Env and bovine AP3D1, respectively. To avoid 
the need to build a new model for the AP3D1 protein of 
each species, the mutation wizard function in PyMOL [49] 
was used to mutate the amino acids that were different in 
the BLV receptor (BLVR) domain of AP3D1 of buffalo and 
sheep based on the MSA described above, using the bovine 
AP3D1 model as a template.

Each of the AP3D1 structural models was then used 
for molecular docking to the gp51 region of Env protein 
of BLV, using HADDOCK software [50]. For the docking 

protocol, residues in Env gp51 and boAP3D1 that were iden-
tified previously as being relevant for binding between the 
two proteins were included in the model: 97A, 98S, 115H, 
127W, 128E, and 170N for gp51 and 695D, 800R, 807D, 
and 925K for AP3D1 [36]. Residues surrounding the active 
region were selected as passive in the model, and all of them 
could interact indirectly. HADDOCK scores for the interac-
tions were also obtained.

Screening of BLV circulating in sheep and buffaloes 
in Colombia

Population and sample collection

As no previous evidence of BLV in buffaloes and sheep in 
Colombia was available, a convenience sampling strategy 
was used for virus detection in these species. Figure 1 shows 
the regions where mixed production facilities are present. 
Currently, there are about 28 million bovines, 1.7 million 
sheep, and 500,000 buffaloes in these regions [51], with a 
BLV prevalence of 62% in cattle [40]. Blood samples were 
taken from 61 buffaloes and 44 sheep from different depart-
ments of the country. Buffalo samples were collected on 
farms in Antioquia (n = 40) and Cundinamarca (n = 21), and 
sheep samples were obtained from slaughterhouses located 
in Cundinamarca (n = 22) and Santander (n = 22) (Fig. 1). 
On average, the buffaloes were about 2-3 years of age, and 
the sheep were 5-6 months old.

Whole blood samples were collected in Vacutainer tubes 
with EDTA and were shipped to the virology lab at the Pon-
tificia Universidad Javeriana (Bogota) for processing. Mono-
nuclear cells were separated by density gradient centrifuga-
tion using LymphoSep separation medium (MP) following 
the manufacturer’s instructions. Total DNA was extracted 
using a High Pure PCR Template Preparation Kit (Roche) 
as instructed by the manufacturer. Total DNA was stored at 
-20°C until later use.

Detection of BLV proviral DNA and phylogenetic 
analysis

The integrity and quality of the extracted DNA was verified 
by the amplification of constitutive genes for both species 
by conventional PCR. bovGAPDH (856 bp) and cytochrome 
C (267 bp) housekeeping genes were used for buffaloes and 
sheep, respectively. Samples that were negative for house-
keeping gene amplification were excluded from the study.

BLV detection was carried out by nested PCR target-
ing a region of the Tax gene of the virus (284 bp). Prim-
ers and PCR conditions used in this study were reported 
previously [26]. Tests were carried out using PCR master 
mix (Sigma-Aldrich) following the instructions of the 
manufacturer, with a final volume of 25 µL and a primer 

Table 1  Accession numbers for AP-3 complex subunit delta-1 
(AP3D1) protein sequences of cattle, humans, and ungulate species

Accession number Species

NP_003929.4 Homo sapiens
NP_776423.3 Bos taurus
XP_005682664.1 Capra hircus
XP_006206482.1 Vicugna pacos
XP_020761624.1 Odocoileus virginianus
XP_020939857.1 Sus scrofa
XP_023500114.1 Equus caballus
XP_024849589.1 Bos taurus
XP_025148895.1 Bubalus bubalis
XP_027402912.1 Bos indicus
XP_027825737.1 Ovis aries
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Fig. 1  Regions with mixed-species livestock production in Colom-
bia. Antioquia, Cordoba, and La Guajira are the departments with the 
highest production of cattle (n = 3,000,000), buffaloes (n = 90,000), 
and sheep (n = 800,000). Colors indicate the population density of 
animals of multiple species, divided into high producers (>2 million 
animals), high-middle producers (1–2 million animals), and middle 
producers (300,000– 1 million animals) [51]. *Regions in gray rep-

resent small or non-producers with fewer than 300,000 animals in the 
department. Numbers indicate the locations where samples were col-
lected. Buffalo samples were collected in Antioquia (1) and Cundi-
namarca (3), and sheep samples were collected in Santander (2) and 
Cundinamarca (3). The map was created with Pixel Map Generator, 
available online (https:// pixel map. amcha rts. com)

https://pixelmap.amcharts.com
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concentration of 0.8 pmol/µL. Amplicons were analyzed 
by electrophoresis in 1.5% agarose gels in TAE buffer, 
stained with Diamond Nucleic Acid Dye (Promega). DNA 
obtained from a fetal lamb kidney (FLK) cell line persis-
tently infected with BLV was used as a positive control. 
DNase/RNase-free, molecular-grade water was used as a 
negative control.

PCR products from buffalo and sheep samples with the 
highest DNA concentrations were purified and shipped to 
the SIGMOL sequencing service of Universidad Nacional, 
Colombia, for Sanger sequencing. An inner 115-bp region 
of the amplified PCR product was used for sequencing, 
using the primer set F (TGT CAC CAT CGA TGC CTG 
G)/R (CAT CGG CGG TCC AGT TGA TA). The identity of 
the sequences was verified using BLASTn. Sequences 
obtained from buffaloes (n = 4) and sheep (n = 3) were 
compared with 97 complete BLV genome sequences 
retrieved from the GenBank database. Information about 
the sequences and FASTA files are available in the sup-
plementary materials of this article. Sequences were 
aligned by the ClustalW method in MEGA7 [47]. The 
best evolutionary model was selected automatically using 
the “Find Model” option integrated in MEGA software, 
which is based on the Akaike information criterion (AIC) 
[52]. Phylogenetic reconstruction was also performed in 
MEGA7 by the maximum-likelihood method, with 1000 
bootstrap pseudoreplicates. FigTree program Ver1.4.4 was 
used to visualize and edit the phylogenetic tree (http:// tree. 
bio. ed. ac. uk/ softw are/ figtr ee/).

Results

AP3D1 sequence alignment and molecular docking 
simulations

AP3D1 sequences retrieved from the GenBank database 
were filtered for the proposed BLVR domain in cattle (aa 
660-807) [36]. A multiple alignment was performed to 
identify regions that are conserved among species. Fig-
ure 2 shows an alignment of AP3D1 amino acid sequences 
using boAP3D1 as a reference. The residues predicted to 
interact with BLV-gp51 are colored in red, and these were 
found to be conserved in all of the species compared. 
Sequence variations were found only in regions that 
were not predicted to interact with BLV-gp51. All of the 
sequences were at least 95% identical to that of bovine 
AP3D1.

Since the most common livestock species raised 
together on farms in Colombia are cattle, sheep, and buf-
faloes, the AP3D1 proteins of these species were selected 
for modeling of molecular docking. The BLVR domain 
of buffalo AP3D1 differed from that of cattle by only two 
amino acid substitutions, R734Q and V777I, whereas in 
sheep, the BLVR domain was identical to that of cattle.

Figure 3 shows the results of docking simulations using 
sheep or buffalo AP3D1 and gp51. In both models, the 
region interacting with gp51 belongs to the BLVR domain. 
The HADDOCK score and binding affinity of the complex 

Fig. 2  ClustalW multiple alignment of AP3D1 sequences of mam-
mals, including ungulate animals and humans, using bovine AP3D1 
as a reference. The region between aa 660 and aa 807 is shown, 
which belongs to the BLVR domain in cattle. The residues that inter-

act with the BLV gp51 protein are highlighted in red. These amino 
acids were conserved in all species. Sequence variations were iden-
tified outside the range of the residues of interest for the interaction 
with gp51.

http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
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were -395.7 +/6.2 and -11.9 kcal/mol, respectively, for 
sheep AP3D1 and -387.8+/-7.6 and -10.5 kcal/mol, 
respectively, for buffalo AP3D1.

Evidence of BLV in sheep and buffaloes in Colombia

BLV was detected in both sheep and buffaloes located in 
the three departments included in the study. Frequencies per 
species and region are shown in Table 2. BLV was detected 
in 15 of the 44 sheep samples and in 12 of the 61 buffalo 
samples, representing a positivity rate of 25.7% overall for 
the samples included in the study.

For phylogenetic analysis, positive samples with the 
highest concentration of the PCR product were selected for 
sequencing. The resulting sequences (sheep, n = 3, buffa-
loes, n = 4) were analyzed using BLASTn and found to be 
more than 99% identical to BLV sequences from Colombian 
cattle. In the phylogenetic reconstruction (Fig. 4), sequences 
were evenly distributed among reference sequences and 
other Colombian sequences obtained from cattle and cattle-
derived food products. No specific branches were identified 
for BLV detected in sheep or buffaloes.

Discussion

Emerging infectious diseases are a topic of concern from 
the One Health point of view, which proposes manage-
ment of infectious diseases as part of a whole system that 
includes animal, human, and environmental health, due 
to the interactions between species and the environment, 
favoring transmission and spread of microorganisms that 
can adapt to novel hosts or ecological niches [53, 54]. 
Particularly for potential zoonotic infections, adaptation 
profiles, spillover events, evolutionary fitness, and sus-
ceptibility of new potential hosts to infections should be 
considered, and strategies are needed for integrated man-
agement, prevention, and control of infectious diseases 
[55]. One of the concerns for microorganisms crossing the 
species barrier, especially viruses, is the interaction with 
cellular receptors that are present in multiple animal spe-
cies, increasing the range of infection in nature [10, 35]. 
In this study, the AP3D1 receptor of BLV was analyzed, 
a transporter protein that is present in multiple eukary-
otic species, including mammals [56]. The results of this 
study showed a high degree of conservation in this protein 
among cattle, sheep, and buffaloes (Fig. 2), particularly 
in the BLVR domain, from aa 660 to 803. In the docking 
simulation (Fig. 3), it was found that the AP3D1 protein 
of sheep and buffaloes was predicted to be able to bind to 
the gp51 protein of BLV with no differences in the bind-
ing domain compared to that predicted for bovine AP3D1 
[36], supporting the hypothesis of the natural infection 
with BLV in these species, as was also supported by the 
HADDOCK scores and binding affinity predicted in the 
analysis, which were similar for both species. These inter-
actions between AP3D1 of different species and BLV-gp51 
would be expected to allow a broader host range for the 
virus, and this could explain the presence of BLV in multi-
ple species. Evidence of use of the same receptor for cross-
species infections has also been reported for other viruses, 

Fig. 3  Molecular docking simulations of AP3D1 and gp51 proteins. 
The AP3D1 protein is shaded in green for both species. The BLVR 
domain is highlighted in orange for sheep (a) and in red for buffalo 
(b). The Env protein is shaded in cyan, and the gp51 domain is high-

lighted in magenta. For both species, interactions between AP3D1 
and the Env protein were predicted to involve the BLVR domain and 
gp51.

Table 2  BLV detection in sheep and buffaloes in different regions of 
Colombia

The results are shown as frequencies and percentages for each region 
– n (%)
*BLV total represents cumulative frequency and percentage per spe-
cies

Species BLV detection by department BLV total*
n (%)

Antioquia Cundinamarca Santander

n (%)

Buffaloes (n = 
61)

5 (8.19) 7 (11.4) -- 12 (19.67)

Sheep (n = 44) -- 9 (20.45) 6 (13.63) 15 (34.09)
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including those with zoonotic potential such as influenza 
virus [57] and the current pandemics SARS-CoV-2 [58].

BLV has classically been studied in cattle regarding its 
implications for productivity, animal health, and the eco-
nomic losses it causes for farmers and cattle keepers [17]. 
Although most infected animals remain asymptomatic, one 
of the biggest concerns is the spread of the virus among 
herds, which has been seen in the cattle industry, with high 
prevalence rates around the world, mainly in major cattle-
producing countries [14]. Generally, in Colombia and in 
Latin America, cattle are slaughtered at an early age, except 
for females used for milk and reproduction purposes. For 
meat purposes, cattle are slaughtered between 2 and 3 
years of age [41]. Lymphoma/leukemia development tends 
to occur in older cattle 3 years of age or more [59, 60]. 
Although BLV often remains undetected due to the removal 

of asymptomatic infected animals from the herds at an early 
age, the circulation and persistence of an oncogenic virus 
among animals has consequences in the long term, affecting 
animal health and food quality.

The results of this study suggest that BLV infects other 
species in regions of Colombia where it has been detected 
in cattle [40]. Few strategies are available for the prevention 
and control of BLV [61]. As no vaccines are available, pre-
vention and control strategies are limited to managing risk 
factors associated with the transmission of the virus, such as 
use of disposable materials (e.g., syringes, needles, gloves), 
cleaning and disinfection of utensils, and segregating and 
culling infected animals. These strategies are useful for pre-
venting the spread of infection [17, 62] but are not always 
implemented in the livestock industry. The detection of BLV 
in multiple species increases the challenge of management 

Fig. 4  Unrooted maximum-likelihood phylogenetic tree obtained 
using a multiple alignment of the complete data set (n = 104 
sequences) produced using ClustalW and the Tamura-Nei model 
[52]. A region of the tax gene is shown. A discrete gamma distribu-
tion was used to model evolutionary rate differences among sites: 5 

categories, +G parameter = 0.4839. Colors indicate the source of the 
BLV sequence as follows: black, BLV reference sequences; blue, cat-
tle (blood); orange, cattle (food products, milk and beef); red, sheep; 
teal, buffaloes
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and control of the viral infection and monitoring its dissemi-
nation and transmission patterns. Good veterinary practices 
should be considered for improving animal health and pre-
venting cross-infections, particularly in mixed-species herds.

One of the biggest concerns in Latin America and the 
Caribbean is the lack of support by governments for diag-
nosis, and no budget is available for this purpose. In Europe, 
eradication programs have been established with successful 
results in at least 22 countries through rigorous surveillance 
programs financed by the government [63–66]. Chile is the 
only country in Latin America in which epidemiological sur-
veillance has been implemented and an eradication program 
has started [67]. Efforts to establish eradication programs 
for the elimination of BLV should be made in the livestock 
industry as a prevention and control strategy whose impact 
will be seen in the future. Improvements in diagnosis and 
surveillance programs are necessary as a basis for follow-
up of BLV infections in cattle as well as other intermediate 
hosts in which the virus could be spreading [68].

In Colombia, sheep and buffaloes are increasing in impor-
tance in the livestock industry and are commonly present 
on mixed-species farms, which have significantly increased 
in number in the last decade. Now, although the Instituto 
Colombiano Agropecuario (ICA) [69] exists as a regula-
tory party within the country and oversees animal health and 
surveillance programs, follow-ups for these animal species 
are limited and should be improved in order to gain better 
and broader coverage in terms of detection and control of 
infectious diseases. BLV is included in the list of viruses for 
which reporting is mandatory, which means that farmers/
laboratories that perform voluntary diagnosis and detect the 
virus within their herds are required to report the presence 
of the virus to the government [45], but since it is not con-
sidered an officially controlled disease, it is not the respon-
sibility of the government to perform diagnosis and verify 
that herds are BLV-free, as is the case with foot-and-mouth 
disease, rabies, tuberculosis, and brucellosis [70]. The lack 
of control of infections in buffaloes, sheep, and cattle facili-
tates the dissemination of BLV through livestock trading and 
commercialization.

There have been few reports of the presence of BLV in 
sheep and buffaloes in other regions, but it is becoming 
an important topic in the livestock industry worldwide. In 
Latin America, a previous study in Venezuela showed that 
BLV was present in buffalo milk on about 27% of farms 
tested in Maracaibo (n = 22) [71], while in the southeast 
and Amazon regions of Brazil, BLV was not detected in a 
study that included 300 buffaloes [72]. In contrast, a study 
in Egypt found a seroprevalence of 9% in buffaloes on 
mixed farms with cattle and camels [20], and in Pakistan, 
the virus was found in 0.8% of analyzed samples [73]. 
Antibodies against BLV were detected in sheep in the state 
of Sao Paulo in Brazil, although the incidence was very 

low, with only two out of 2592 sheep sera testing positive 
[24]. In Iran, the presence of BLV in mixed herds of cat-
tle, sheep, and camels was investigated, and it was found 
in sheep (5.7%) and cattle (23%), but not in camels [23].

Since there was no information available about the pres-
ence of the virus in species other than cattle in Colombia, 
we used a convenience sampling strategy for the screen-
ing of the virus in buffaloes and sheep. The frequency 
of detection (11% in buffaloes and 20% in sheep) was 
higher than in other geographical regions. Although it is 
not known whether similar BLV infection rates will be 
found in other departments where buffaloes and sheep are 
located, these results can be used as a basis for further 
epidemiological studies with broader populations of ani-
mals to determine the current prevalence rates of BLV 
in Colombia, especially on mixed-species farms. Phylo-
genetic analysis (Fig. 4) performed with the sequences 
obtained from sheep and buffaloes in the current study 
and previously reported sequences from Colombian cattle, 
suggested that the circulating virus could be the same as 
that obtained from cattle, since no separate branches were 
identified in the phylogenetic tree for sequences obtained 
from sheep and buffaloes [40].

The presence of BLV in multiple species, its high preva-
lence rate (62%) in cattle in Colombia [40], and the poten-
tial for co-circulation of the virus in cattle and humans [33] 
should raise concerns for regulatory agencies and livestock 
producers, as BLV infections are unfavorable for the animal 
production sector [16, 17], and the zoonotic potential of the 
virus has implications for human health [31, 74]. Accumu-
lating evidence in the literature suggesting that BLV can 
infect multiple species should raise concerns about elevated 
dissemination rates on mixed-species farms, in wildlife res-
ervoirs, and in accidental hosts, which could hamper preven-
tion and control strategies to stop the spread of the virus. 
Efforts should be taken towards the development of new 
strategies for follow-up of the virus and the implementation 
of eradication programs similar to those used in Europe so 
that in the future, herds worldwide will become BLV-free as 
part of the One Health initiative [54].

Conclusions

We found evidence of BLV circulation in sheep and buf-
faloes in Colombia, with 25.7% positivity in the animals 
tested. Also, the potential interaction of the AP3D1 proteins 
of these species with the BLV gp51 protein suggest that 
AP3D1 could be used as a receptor for BLV in buffaloes 
and sheep, which might play a role in the dissemination of 
the virus on mixed-species farms, potentially complicating 
prevention and control strategies and surveillance programs.
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