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Bovine leukemia virus (BLV) is a retrovirus that primarily infects older dairy cattle, but many studies 
have shown that the BLV host range is broader than previously reported. Monitoring risk groups, such 
as slaughterhouse workers, is important to determine if BLV can infect humans and cause disease.The 
aim of this study was to determine whether slaughterhouse workers can be infected with the BLV. We 
also determined the seroprevalence of human T-lymphotropic virus (HTLV-I/II) and human 
immunodeficiency virus (HIV) to rule out cross-reactivity. This study included 28 blood samples from 28 
slaughterhouse workers from a cattle butchery in San Nicolás de los Garza, Nuevo León, México. BLV 
was analyzed using an agar gel immunodiffusion test (IDAG), Western blotting, and PCR. The 
seroprevalence of HTLV-I/II and HIV were determined with passive agglutination and enzyme-linked 
immunosorbent assay (ELISA), respectively. Two samples (7.1%) were positive for BLV with IDAG, and 
this was confirmed with Western blotting. All samples were HTLV-I/II negative, and only one worker was 
HIV positive but BLV negative. These results suggest that humans are not necessarily infected with 
BLV, but rather seropositivity results from an abortive infection.  
 
Key words: Bovine leukemia virus (BLV), slaughterhouse workers, México, agar gel immunodiffusion test 
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INTRODUCTION 
 
Bovine leukemia virus (BLV) belongs to a family of 
oncogenic retroviruses that includes human T cell 
leukemia virus type I and II (HTLV-I and II) and simian T-
cell leukemia virus (Hajj et al., 2012; Rodríguez et al., 
2011). These retroviruses share a common genomic 
organization (Sagata et al., 1985) and are associated 
with lymphoid neoplasia and/or progressive myelo-
pathies. BLV is the etiologic agent of enzootic bovine 

leukosis, which is the most common neoplastic disease in 
cattle. In most cases, BLV infection remains clinically 
silent, and infected animals are referred to as aleukemic; 
alternatively, BLV can emerge as a persistent lym-
phocytosis. The natural mode of transmission of BLV in 
cattle occurs from infected lymphocytes of one animal to 
another, horizontally or vertically (Hajj et al., 2012; 
Rodríguez et al., 2011). Experimentally, BLV can infect
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other animals such as goats, sheep, rabbits, water 
buffalo and some cell lines from other animal species 
including humans (Altanerova et al., 1990; Onuma et al., 
1990; Meas et al., 2000). The possibility that humans 
may be susceptible to BLV has been examined in several 
ways. Slavikova et al. (1987) reported reverse 
transcriptase-mediated BLV provirus integration into the 
DNA of different infected human cells such as myeloma 
ARH77 and myeloid K562 cells. In addition, BLV 
antibodies have been detected in sera from leukemic 
patients (Cereda et al., 1984). Buehring et al. (2003) 
used immunoblotting to test the sera of 257 humans for 
antibodies of four isotypes (IgG1, IgM, IgA, and IgG4) to 
the BLV capsid antigen (p24). They detected at least one 
antibody isotype that was reactive to BLV in 74% of the 
human serum samples tested. Recently, Nikbakht et al. 
(2010) reported the genomic detection of BLV in human 
samples using nested PCR. In addition, Lee et al. (2005) 
investigated the presence of BLV in leukemia and lung 
cancer patients in Koreans and founded BLV infection in 
human cells with PCR but negative results in patients. 
These results suggest that antibodies that are reactive to 
the BLV capsid antigen may serve as a biomarker for 
exposure to BLV and that this exposure may be wide-
spread. The results do not necessarily mean that humans 
are actually infected with BLV; the antibodies could be a 
response to heat-denatured BLV antigens consumed in 
food. The results do, however, suggest that further 
studies on this topic may be important. The purpose of 
the present study was to determine if a high-risk group 
such as slaughterhouse workers can be infected with 
BLV in a region with high BLV prevalence in cattle. 

 
 
MATERIALS AND METHODS 

 
Sample collection 

 
A total of 28 blood samples from 28 slaughterhouse workers from a 
butchery in San Nicolás de los Garza, Nuevo León, México were 
collected with and without anticoagulant. The sera were obtained by 

centrifugation at 2000 rpm for 10 min and stored at 20°C for later 
determinations.        

The cell line FLK-BLV (Fetal Lamb Kidney infected with BLV) 
was used as a positive control. It was obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, USA) and was 
cultured and maintained in Dulbecco's modified Eagle's medium 
(DMEM/F-12) (Life Technologies, Invitrogen, Burlington, Ontario, 
Canada) supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin, and 100 g/ml streptomycin (Gibco, Grand Island, NY, 
USA). Cells were incubated in a humidified chamber at 37°C in an 
atmosphere of 95% O2 and 5% CO2. 

 
 
Isolation and culture of lymphocytes   

 
7 ml of blood was collected in tubes with EDTA and centrifuged at 
1500 rpm for 30 min. The buffy coat was removed and resus-

pended in 2 ml sterile saline solution. The suspension was 
deposited in 4 ml Ficoll-paque (Sigma Chemical Co., St. Louis, MO, 
USA)  and  centrifuged  at  2000  rpm  for 30 min. The mononuclear  
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cells at the interface were aspirated and suspended in 10 ml saline 
solution. These peripheral blood mononuclear cells were washed 
two times with 10 ml sterile phosphate-buffered saline (PBS).  
 
 
Antigen 

 
The antigen was obtained from FLK-BLV cells described above. 
Culture fluid was clarified by centrifugation at 5000 rpm for 10 min. 
Protein was precipitated with 33% ammonium sulfate for 72 h at 
4°C and centrifuged at 2500 rpm for 15 min. The precipitate was 
resuspended in PBS to approximately one-tenth the original volume 
and dialyzed for 24 h against PBS. The fluid was passed through a 

column containing A-Sepharose. The column was then washed with 
PBS, and the glycoprotein was eluted with 0.1 M alpha-methyl-D-
mannosidase.  
 
 
Serological screening tests  
 
The serum samples were tested for BLV antibodies using the agar 
gel immunodiffusion (IDAG) test at 0.8% using the glycoprotein 

antigen Gp51 from the FLK-BLV cells according to the method of 
Miller and Van Der Maaten (1977). Screening for HTLV-I/II antibo-
dies was performed using a gelatin-particle assay agglutination test 
(PA; Serodia HTLV-I kit, Fujirebio, Tokyo, Japan). HIV antibody 
screening was performed using a Vironostika HIV-I Microelisa 
system (Organon Teknika, NC, USA) according to the manu-
facturer’s instructions. 
 
 
Western blot  

 
The Western blot test was used as a confirmatory test for BLV. 
FLK-BLV cells were plated at 1×10

6 
cells

 
/25-cm

2 
flask in 5 ml 

DMEM/F-12 supplemented with 10% fetal bovine serum and 
incubated overnight. The harvested cells were lysed with 100 µl 
lysis buffer (1% Triton, 150 mmol/l NaCl, 25 mmol/l Tris, pH 7.6), 
and the protein concentration was measured using a DC Protein 

Assay kit (Bio-Rad, Hercules, CA, USA). Approximately 50 µg of 
each protein sample was separated using 12% sodium dodecyl 
sulfate (SDS) polyacrylamide gel electrophoresis and analyzed with 
Western blotting using the workers sera problem sera (1:100) as a 
primary antibody and peroxidase-labeled anti-bovine or anti-human 
antibody as the secondary antibody (1:100) (Sigma, St Louis, 
Missouri, USA). Proteins were visualized with the substrate 
diaminobenzidine and 0.05% hydrogen peroxide.  
 
 
DNA extraction 

 
DNA was extracted from lymphocytes cultivated as described by 
Curtis and Kersey (1988). Briefly, 2×10

6
 cells were transferred to a 

1.5-ml eppendorf tube and washed with 1 ml cold PBS. The cells 
were resuspended in 200 µl lysis buffer (10 mM Tris-HCl, pH 8.0, 
100 mM NaCl, 1 mM EDTA) containing 10 µl proteinase K (100 
µg/ml), 50 µl EDTA (0.5 mM), and 50 µl 20% SDS, and incubation 
was carried out at 60°C for 1 h. After digestion with proteinase K, 
one-tenth volume sodium acetate was added followed by one 
extraction with a 1:1 volume of phenol-chloroform and one extrac-
tion with chloroform-isoamyl alcohol. The DNA was precipitated with 
2.5 volumes of cold ethanol and resuspended in 20 µl TE buffer (10 
mM Tris-HCl, pH 8.0, 1 mM EDTA). 
 
 
PCR amplification  

 

BLV PCR reactions were carried out in a total volume of 50 l
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Figure 1. Agar Gel Immunodiffusion (IDAG) for BLV. Two samples 

that were positive for BLV antibodies (number 4 and 28) are shown. +, 
positive control; −, negative control. 

 
 
 
containing 4 l DNA, 0.2 mM (each) deoxynucleoside triphosphate 

(dNTP), 5 l 10× PCR buffer, 0.5 U Taq polymerase, 1.5 l MgCl2, 

and 100 M BLV gag gene primers (sense and antisense) to 
amplify a fragment of 226 bp. PCR primers and the thermal profile 
were done as described by Murtaugh et al. (1991). PCR products 
were subjected to electrophoresis on 1.2% agarose gels, and the 
products were visualized with ethidium bromide and photographed 
under UV light. 

 
 
RESULTS AND DISCUSSION 
 
Twenty-eight (28) slaughterhouse workers were included 
in this study, with an average age of 42.6 years and a 
range of duration of working at the butchery of 6 months 
to 30 years (average 13.4 years). 

Using the serological IDAG test for BLV, we found two 
samples (7.1%) that were positive for BLV antibodies; 
sample 4 was from a 39-year-old worker with nine years 
of service, and sample 28 was from a 58-year-old worker 
with 20 years of service (Figure 1). To confirm the 
presence of BLV antibodies, Western blotting was carried 
out, and this corroborated the positive results (Figure 2). 

PCR amplification of the gag gene to identify the BLV 
provirus was negative in all samples, including the two 
samples that were positive for BLV antibodies; only the 
control FLK-BLV cell line was positive as expected 
(Figure 3).  

To rule out cross-reactivity, we assayed for HTLV-I/II 
and HIV antibodies. The two BLV-positive samples were 
negative for these retroviruses, indicating specificity for 
BLV. However, one sample (number 18 from a 40-year-
old worker with 2 years of service) was positive for HIV 
but negative for HTLV-I/II and BLV (Figure 4). 

The results of the 28 samples analyzed for all three 
retroviruses (BLV, HTLV-I/II, and HIV) are summarized in 
Table 1. 

BLV is a lymphotropic retrovirus that causes lympho-
proliferative disorders, and under natural conditions, 
affects only cattle (Burny et al., 1985; Ghysdael et al., 
1984). Experimentally, BLV has been shown to infect 
other animal species including primates as well as human 
cells (Wyatt et al., 1989; Johnson et al., 1994; Altanerova 
V et al., 1990). Moreover, workers handling infected meat 
in a food store have a 3-fold increased risk of contracting 
myeloid leukemia and non-Hodgkin’s lymphoma as well 
as lung cancer (Johnson et al., 1986, 1995). 

Whether BLV can infect and induce neoplasias in 
humans has long been controversial. In this study, we 
analyzed 28 samples from slaughterhouse workers who 
have potential occupational exposure because they have 
been in contact with blood and body fluids of cattle for 
over 10 years in an endemic area with a high prevalence 
(more than 40%) of BLV in dairy cattle (Northeastern 
Mexico) (Zapata-Benavides P, University Autonomy of 
Nuevo Leon, Mexico, personal communication). We 
found two samples that were positive for BLV antibodies 
with the IDAG assay; however, these same samples 
were negative for the BLV provirus with PCR. 

The presence of BLV antibodies in serum has been 
reported by some authors (Nikbakht et al., 2010; 
Buehring et al., 2003; Johnson et al., 1995). However, 
this detection does not guarantee viral infection. Buehring 
et al. (2003) reported that humans are not necessarily 
infected with the virus; the antibodies may be a response 
to the consumption of heat-denatured proteins from meat 
products. In another study, Malivanova et al. (1990)
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Figure 2. Western blot for BLV. Two BLV-positive samples (number 4 and 28) as 

seen with IDAG were analyzed with Western blotting as a confirmatory test. Lane 
1, Positive control (FLK-BLV cells); Lanes 2 and 3, Samples 4 and 28; 
respectively. Lane 4, Sample 18; which was positive for HIV with ELISA but 
negative for BLV. Lane 5, Negative control. 

 
 

 

 

 
Figure 3. PCR for the BLV gag gene in the DNA of peripheral blood lymphocytes of slaughterhouse workers.  M, 

Molecular weight marker 100 bp; lane 1, positive control FLK-BLV cell line; lanes 2 to 12, samples of slaughterhouse 

workers that were negative; lane 13, negative control. 
 
 
 

reported the presence of antibodies in female patients 
with benign and malignant mammary tumors. Lee et al. 
(2005) did not find proviral DNA in patients with leukemia 
and lung cancer in Korea. However, the majority of PCR 
assays are based on a single assay, but fewer than eight 
genomic copies of the provirus can be detected in a 
background of 2 million negative lymphocytes using 

nested PCR (Ballagi-Pordany et al., 1992). In this way, 
Nikbakht et al. (2010) detected BLV proviruses in human 
samples using nested PCR and confirmed the results 
with Southern blot analysis. 

Maruyama et al.  (1989) reported that human sera that 
are ELISA positive for HTLV-I react with p12 and p24 of 
BLV. In this study, to rule out cross-reactivity with other 
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Figure 4. Gelatin-particle assay agglutination test for HTLV-I/II.  A, 

Positive HTLV patient serum; B, Kit negative control; c, kit positive 
control; D–M, serum samples from slaughterhouse workers. 

 
 
 

Table 1. The results from the 28 samples analyzed with the different 

methodologies for all three retroviruses (BLV, HTLV, and HIV).  
 

Sample 
BLV HTLV HIV 

IDAG PCR PA ELISA 

FLK-BLV cell line - + - - 

Positive HTLV serum - - + - 

Positive HIV serum - - - + 

1 - - - - 

2 - - - - 

3 - - - - 

4 + - - - 

5 - - - - 

6 - - - - 

7 - - - - 

8 - - - - 

9 - - - - 

10 - - - - 

11 - - - - 

12 - - - - 

13 - - - - 

14 - - - - 

15 - - - - 

16 - - - - 

17 - - - - 

18 - - - + 

19 - - - - 

20 - - - - 

21 - - - - 

22 - - - - 



Zamora-Avila et al.          3047 
 
 
 

Table 1. Contd 
 

23 - - - - 

24 - - - - 

25 - - - - 

26 - - - - 

27 - - - - 

28 + - - - 
 

Samples 4 and 28 were positive for BLV with IDAG, but were negative with PCR; these samples were also 
negative for HTLV and HIV. Only one sample (18) was positive for HIV, but it was BLV negative. BLV, bovine 

leukemia virus; HTLV, human T-lymphotropic virus; HIV, human immunodeficiency virus; IDAG, agar gel 
immunodiffusion test; PCR, polymerase chain reaction; PA, gelatin-particle assay agglutination test; ELISA, 
enzyme-linked immunosorbent assay. 

 
 
 

retroviruses such as HTLV I/II and HIV, serological tests 
for these retroviruses were included, and the results for 
HTLV were negative. Similar results were obtained by 
Zapata et al.  (1996) who reported that HTLV is not 
circulating in Northeastern Mexico or its incidence is so 
low that is not detected. For HIV, only one sample (3.6%) 
was positive, but this sample was negative for BLV. Thus, 
the antibodies we found were specific for BLV. 

In the samples that were positive with IDAG, one of the 
following conditions is likely: 1) Constant exposure 
without infection may have occurred, causing an 
awakened immune response. However, the virus was not 
able to integrate into the human genome. 2) The infected 
lymphocytes may have been trapped in lymphoid organs 
and were not in the peripheral circulation. 3) The number 
of provirus particles may have been very low, and nested 
PCR would have been needed to increase the sensitivity. 
Any of these three possibilities would explain the 
absence of BLV provirus in BLV seropositive individuals 
because cross-reactivity had been ruled out. 

In conclusion, the Northeastern Mexico area had a high 
prevalence of BLV. Evaluating if BLV can be considered 
a risk factor for human health is very important, especially 
in those individuals with potential occupational exposure. 
If BLV exposure is determined to be a risk factor for 
human disease, greater measures of occupational 
hygiene may be necessary. 
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