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Abstract— Bovine Leukosis Virus (BLV) is a pathogen that 

affects the bovine immune system and leads to lymphosarcoma, 

leukemia, decreased milk production, and increased culling 

rates in cattle. The main transmission route between cattle is 

transfer of infected leukocytes from blood. Several farm 

practices, such as dehorning, rectal palpation, and vaccination 

can lead to pathogen transfer between animals that ultimately 

leads to high percentages of infected individuals within herds. 

This high percentage of infected animals restricts the trade of 

cattle on a global scale. Due to international trade laws and 

biosecurity concerns, semen from a BLV positive bulls is 

prohibited from sale between certain countries. The aim of this 

research was to study BLV transmission to embryos produced 

by in vitro fertilization (IVF) with semen from seropositive 

bulls. The first experiment examined the possible BLV 

transmission to embryos using seropositive bull semen in in 

vitro embryo production (IVP). The second experiment tested 

semen and medium for the presence of BLV using two different 

protocols for sperm selection: 1) Percoll discontinuous 

gradients and 2) Swim-Up. The results showed no virus 

detection in the samples and the embryos produced did not 

show presence of the virus. The same results were observed in 

the second experiment where no viral presence was observed in 

the semen or media samples after sperm selection. In 

conclusion, these data indicate the use of BLV seropositive bull 

semen for the production of in vitro fertilized embryos posed no 

statistically significant risk of transmitting BLV to the embryos. 

Index Terms—About four key words or phrases in 

alphabetical order, separated by commas.  

 

I. INTRODUCTION 

Many currently used embryo transfer methods in cattle 

originated in North America early in the 1970s [1, 2]. Initially, 

embryo transfer was used in animal production for the 

propagation of desirable phenotypes. Now, with a growing 

demand for genetically superior seedstock around the world, 
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it is common to use embryo transfer for the production of 

sires from exceptional cows and bulls using artificial 

insemination (AI) [3, 4]. One of the most important issues in 

livestock breeding is the transmission of infectious diseases.  

This issue is so serious that it has slowed the growth and 

spread of embryo transfer technology worldwide. For 

example, several countries have implemented policies to stop 

the spread of certain diseases by prohibiting the importation 

of in vitro produced embryos derived from cows or bulls that 

are seropositive for certain infectious diseases. By barring 

these embryos from importation, countries lose potential 

economic gains from superior cattle genetics from other 

countries. A statistical analysis done in 2012 by International 

Embryo Transfer Society (IETS) representative Dr. George 

Perry found that disease status limited the export of 

IVF-derived embryos due to lack of research on disease 

transmission from IVF embryos.  The Health and Safety 

Advisory Committee (HASAC) of IETS has categorized 

disease agents based on the risk of transmission through 

embryo transfer [5]: Category 1 is comprised of diseases and 

disease agents that have been shown to have a negligible risk 

of transmission with proper handling between collection and 

transfer. Bovine leukosis virus (BLV) is included in this 

category. BLV is a retrovirus that infects leukocytes of beef 

and dairy cattle.  

Within the past 30 years, there has been a major increase of 

infected herds in the United States [6].   Recently, a study 

looked at the infection rate and found 38% of beef herds, 84% 

of all dairy herds, and 100% of large-scale dairy herds are 

infected with the virus [7].  In the USA, incidence of BLV 

infection has been estimated as high as 94.2% of dairy herds 

[7, 8]. The high prevalence of BLV infection “suggests that 

the cost of testing and culling of seropositive animals may not 

be a cost effective method to control the disease” [7.].  Pelzer 

reported that as the incidence of BLV infection increased in a 

herd, the economic effects of culling infected animals may be 

cost prohibitive [9]. Furthermore, it has recently been 

reported that median and average incubation period to the 

clinical stage is 7 years and the fraction of animals 

developing clinical disease was only 1.4% [10]. This is an 

important piece of information because dairy cattle born in 

the USA since 1980 have an average of  3 parities and a 

productive herd life of ~32 months or a total age of ~50 

months (4 years and 2 months) [11].   

A major concern with BLV is the time it takes for clinical 

symptoms to appear. Clinical symptoms are typically 

observed four to five years after infection. Symptoms include 

swollen lymph nodes, weight loss, decreased milk production, 

anorexia, and limb paralysis. Roughly 29% of infected cattle 
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develop lymphocytosis and <5% contract lymphosarcoma [8, 

12]. Diagnosing BLV infected cattle can be done by simply 

testing serum for virus-specific antibodies [13]. But due to 

the characteristics of the virus, antibodies may not appear 

until roughly 6 months or more after infection.  

The principal manner of transmission of BLV virus is 

through infected blood, milk, and to a lesser degree, semen. 

Common transmission outlets such as needles, palpation 

gloves, dehorning instruments, and other medical tools that 

are used without being properly sterilized, disinfected or 

cleaned allow for BLV to be transmitted [14]. The current 

cost of BLV testing can be deterrent for producers and 

therefore, infected animals typically go undiagnosed. The 

most effective way to slow and ultimately stop the spread of 

BLV within herds is to develop management protocols that 

include changing gloves and needles and thoroughly cleaning 

and disinfecting tools before and after each use [12]. 

Evermann et al. found that just 1 µl of BLV-infected blood 

can infect an exposed animal [15]. Unfortunately, these 

common management practices have caused the spread of the 

virus in herds throughout the United States and the world.  

 Bovine leukosis virus has had and continues to have an 

adverse effect on the dissemination of high quality cattle 

genetics across the world. With increased biosecurity 

concerns, countries have become more stringent on import or 

export of animal products including semen, oocytes, and 

embryos without extensive medical screening of the donor 

animals. Many countries in Latin America, the European 

Union (EU) and individual countries like Australia and New 

Zealand have eradication programs and health restrictions 

that have led to negligible rates of BLV infection [16].  

    Several studies in the past have examined BLV 

transmission using seropositive bulls for AI and showed no 

detectable virus in the inseminated cow(s) [17, 18]. Choi et al. 

showed that AI companies using correct collection 

techniques, leukocyte microscopic evaluation, and a specific 

BLV PCR procedure could properly identify the active 

shedding of the virus from seropositive bulls used for AI [19].  

In addition, field studies have not been able to show BLV 

infection after insemination of heifers via AI [20, 21]. With 

regard to ova and embryos, BLV was not isolated from 26 

ova or 60 embryos obtained from 20 BLV infected cows [22]. 

Hare et al. showed that in vivo-produced embryos from 

BLV-infected donor transferred to recipients produced 57 

calves. Of these 57 calves and the recipients that calved them 

there was a zero incidence of BLV antibodies indicating no 

transmission of the virus [23]. The aim of the present study 

was to determine if there was BLV transmission to embryos 

produced by in vitro fertilization (IVF) with semen from 

seropositive bulls. 

 

II. MATERIAL AND METHODS 

A. Animals 

Semen from three seropositive bulls and one seronegative 

bull, as the control, were used for these experiments. Bulls 

were tested prior to collection and confirmed by the bull stud 

using an ELISA and gp51-specific antibody (AGID) for BLV 

antibodies. Semen was collected, extended, and frozen 

according to CSS standard procedures at the bull stud.  

Matured bovine COC were purchased from DeSoto 

Biosciences (Seymour, TN, USA). A preliminary study 

evaluated the percentage of BLV positive oocytes collected 

from the slaughterhouse using BLV specific PCR [24]. An 

internal control gene (tRep-137) was used to test the validity 

of the PCR. All of the 44 samples were positive for the 

tRep-137 gene and all of the 44 samples were negative for the 

BLV DNA sequence. This result was significant at P < 

0.01with a Chi-square statistic of 88.  

B. Embryo Production  

    Unless otherwise stated, all reagents were 

purchased from Sigma-Aldrich (USA). The in vitro 

fertilization (IVF) medium was Tyrode’s modified medium 

without glucose and bovine serum albumin (BSA), 

supplemented with 5.3 SI/mL heparin, 30 µM penicillamine, 

15 µM hypotaurine, 1 µM epinephrine, and 1% bovine serum 

(BS)(Sigma #B9433). The in vitro culture (IVC) medium 

consisted of Synthetic Oviduct Fluid (SOF) medium [25], 

with 30 µL/mL essential amino acids, 10 µL/mL 

non-essential amino acids, and 5 % BS. 

    In vitro matured cumulus-oocyte-complexes 

(COCs) were washed and transferred, 20-30 per well, into 

300 µL of IVF medium covered with mineral oil.  For each 

replicate, two straws of conventional frozen semen from each 

bull were thawed at 37 °C for 40 sec. The sample was 

processed via Percoll discontinuous gradient (45–80%). The 

semen was centrifuged first at 300 x g for 25 min. The pellet 

was then reconstituted in 2 ml of IVF medium and 

centrifuged twice at 160 and 108 x g for 10 min. After 

processing, pellets were diluted with IVF medium and added 

to the fertilization wells at the concentration of 1 x 106 

sperm/mL. Gametes were co-incubated for 20 h at 39 °C, in 

5% CO2 in air, after which presumptive zygotes were 

vortexed for 2 min to remove cumulus cells in HEPES-TCM 

with 5% BSA, washed twice in the same medium, and 

transferred, 30–50 per well, into 400 µL of SOF. Zygotes 

were incubated in a humidified mixture of 5% CO2, 6% O2, 

and 88% N2 in air at the temperature of 39 °C. The 

percentages of cleaved embryos and embryos reaching 

blastocysts were determined at day 7 of culture (day 0 = IVF 

day). The embryos were scored for quality on the basis of 

morphological criteria. Only Grade 1 and 2 blastocysts (Bl) 

were considered in the evaluation of the final embryo yield 

[26].  

C. Swim Up 

    The sample of thawed semen was layered 

carefully under 1 ml of equilibrated sperm-TALP (Tyrode's 

albumin lactate pyruvate) medium in a centrifuge tube. After 

loading, the tube was placed in incubator at 39 °C for 1 hour. 

After incubation, 400 µL of the upper fraction of TALP 

(containing the selected sperm) was collected, placed in a 

tube, and centrifuged for 10 min at 160 x g [27]. The pellet 

obtained was used for PCR. 

D. DNA Isolation  

    Embryos were put into 10 µL of PBS, frozen, 

and stored individually at -80 °C until assay. Twenty (20) µL 

of  lysis buffer containing 15mM Tris-HCl pH 8.9, 50 mM 

KCl, 2.5mM MgCl2, 0.1% Triton X-100, and 150 g/mL 

proteinase K were added to each tube. The tubes were 

incubated at 55 °C for 1 h and proteinase K was then 

inactivated by incubation at 90 °C for 10 min [28].The semen 

samples were collected in 0.5 ml tubes and stored 

individually at -80 °C until assay. The samples were added 
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directly to the PCR reaction skipping the DNA extraction. 

E. Nested Polymerase Chain Reaction (PCR) 

    The PCR primers were designed off of the 

sequences and methods previously reported by Frechner [29]. 

The primer sequences are described below: 

Oligo Env-Sequence (5’–3’) Position 

BLV-env-1 TCT-GTG-CCA-AGT-CTC-CCA-GAT-A 

 5032–5053 

BLV-env-2 AAC-AAC-AAC-CTC-TGG-GAA-GGG 

 5629–5608 

BLV-env-3 CCC-ACA-AGG-GCG-GCG-CCG-GTT-T 

 5099–5121 

BLV-env-4 GCG-AGG-CCG-GGT-CCA-GAG-CTG-G 

 5542–5521 

 

    The BLV-env-1/BLV-env-2 PCR-product size 

is 598 bp. While the BLV-env-3/BLV-env-4 PCR-product 

size is 444 bp. The control sequence used was an autosomal 

gene btRep-137 [30, 31]. The sequence for that control gene 

is outlined below: 

 

btRep-137  

C1TATTTTCGGAACGCGGGAGAGAAGAG-3             

    

btRep-137 

C2TATTTTTGATTCCCTCCGTGCGGCGCTTA-3  

    The btRep-137 PCR product is 450 bp. 

 

The reaction solutions were mixed and then aliquoted into 

separate reaction tubes. The sample DNA was split and added 

to each of two different reaction tubes, one containing the 

btRep-137 control primers and one containing the BLV 

primers. One negative control sample (double distilled H2O) 

and one positive control sample (seropositive blood) were 

analyzed with the embryo DNA samples. Total volumes of 

mixtures were calculated by multiplying the indicated 

volumes by the total number of samples, including controls, 

plus 10% to allow for pipetting error. The first PCR 

performed used a 50 μl reaction volume. For the first reaction, 

the assay was optimized to 5 μl PCR buffer, 20 μl DNA (~1 

μg of DNA), 1.25 μl each of the env-specific primers 

BLV-env- 1 and BLV-env-2 (20 pmol/μl), 0.15 dNTP (each 

25 mM), 3 μl MgCl2 (25 mM), and 0.25 μl Taq polymerase 

(1.25U). This reaction followed the temperature profile: 

denaturation for 2 minutes at 94°C; 30 cycles of 30 seconds at 

95°C, 30 seconds at 58°C and 60 seconds at 72°C; followed 

by 4 minutes at 72°C. The nested PCR was performed using a 

50 μl reaction volume. For all positive reactions, a second 

reaction was performed. The second assay used 3 μl PCR 

product of the first PCR, 5 μl PCR buffer, 1.25 μl each of the 

env-specific primers BLV-env-3 and BLV-env-4 (20 

pmol/μl), 0.15 dNTP (each 25 mM), 0.25 μl Taq polymerase 

(1.25U), and 36.1 μl of distilled H2O. The reaction followed 

the temperature profile: denaturation for 2 minutes at 94°C; 

30 cycles of 30 seconds at 95°C, 30 seconds at 58°C, and 60 

seconds at 72°C; followed by 4 minutes at 72°C. 

F. Gel Electrophoresis  

    The PCR products were analyzed by agarose gel 

electrophoresis on 2% agarose gels using ethidium bromide 

as the DNA stain. A 100 bp DNA Ladder (Thermo 

Scientific™ GeneRuler 100 bp DNA Ladder: FERSM0241) 

was used to assess the results of the amplification of the 

sample for each embryo tested. The gels were visualized 

using a computerized visualization system (Gene Genius Bio 

Imaging system) for band size determination (Figure 1).  

 

 
Figure 1: Representative agarose gel electrophoresis after 

PCR amplification of samples. Lane explanation, Lane 1; 100 

kb DNA ladder, Lane 2; btRep-137 DNA control PCR 

product of 450 bp, Lane 3; BLV positive control PCR product 

of 598 bp, Lane 4; split sample 1 PCR product amplified 

using btRep-137 control primers, Lane 5; split sample 1 PCR 

product amplified using BLV-env-1/BLV-env-2 PCR 

primers, Lane 6; split sample 2 PCR products amplified using 

btRep-137 control primers, Lane7; split sample 1 PCR 

product amplified using BLV-env-1/BLV-env-2 PCR 

primers.  

G. Experiment 1 

    The first experiment examined possible BLV 

transmission to embryos using seropositive bull semen in in 

vitro production (IVP). Four replicates were performed using 

each of the seropositive bulls and the control non-infected 

bull. Semen from each bull was used to fertilize 50 oocytes 

per replicate for a total number of 200 oocytes per bull. Using 

standard IVP protocols, seropositive Bull #1 produced 48 

embryos, Bull #2 produced 41 embryos, Bull #3 produced 46 

embryos, and the control bull produced 66 embryos. All 

blastocysts produced were collected into 10 µl of PBS, frozen, 

and stored individually at -80C until DNA extraction. The 

embryo DNA was extracted as previously described and 

tested using nested PCR.  

H. Experiment 2 

    The second experiment tested semen and 

medium for the presence of BLV using two different 

protocols for sperm selection: 1) Percoll discontinued 

gradients and 2) Swim Up. Two 0.5cc straws of semen per 

bull were used for each replicate; they were combined and 

then divided into two treatments: Swim-Up and Percoll. 

Fractions from top, middle, and bottom were collected from 

each treatment (Figure 2.) and evaluated separately. Five 

replicates (3 infected and one non-infected control bull) were 

performed for a total of 120 samples evaluated. Five 

replicates X 2 semen straws per bull X 4 bulls X 3 

sub-samples in the tube =120 samples. 
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Figure 2. Representative diagram of the tube and the three 

subsamples evaluated after semen separation using the 

Swim-Up method.   

III. RESULTS 

The first experiment evaluated the potential infection of in 

vitro embryos produced with semen of seropositive bulls. No 

morphological differences were found between embryos 

produced with different bulls and no differences were found 

in blastocyst production rates. PCR evaluation of embryo 

DNA showed that BLV virus was not detected in any 

embryos tested (Table 1). The second experiment that 

evaluated viral presence in samples after semen processing 

also yielded negative results for all layers tested (bottom, 

middle, and top layers) in both discontinuous gradients and 

Swim-Up treatments (Table 2 and Table 3).  

Table 1. A comparison of PCR positive results for embryos produced by BLV positive and control semen. The signals are from BLV or tRep-137 

(housekeeping) genes as PCR markers. 

 BLV Positive Bulls BLV Negative Bull Marginal Row Totals 

BLV Positive PCR Product 0 0 0 

tRep-137 Positive PCR Product 135 66 201 

Marginal Column Totals 135 66 201 

The Chi-square statistic is 201. No statistical difference (P <0.05) was observed between BLV positive bulls and the control bull for BLV infection. 

 
Table 2.  Semen (BLV positive and control) processed by Percoll. The products are from BLV or tRep-137 (housekeeping) genes used as PCR markers. 

Percoll Top Middle Bottom Marginal Row Totals 

BLV Positive PCR Product 0 0 0 0 

tRep-137 Positive PCR Product 20 20 20 60 

Marginal Column Totals 20 20 20 60 

The Chi-square statistic is 60. No statistical difference (P <0.05) was observed between BLV positive bulls and the control bull for BLV infection.  

 

Table 3. Semen (BLV positive and control) processed by Swim Up. The products are from BLV or tRep-137 (housekeeping) genes as PCR markers 

Swim Up Top Middle Bottom Marginal Row Totals 

BLV Positive PCR Product 0 0 0 0 

tRep-137 Positive PCR Product 20 20 20 60 

Marginal Column Totals 20 20 20 60 

The Chi-square statistic is 60. No statistical difference (P >0.05) was observed between BLV positive bulls and the control bull for BLV infection. 

 

IV. DISCUSSION 

    In the present studies we were unable to show 

the presence of BLV viral DNA in either the embryos 

produced from sperm from BLV seropositive bulls. We were 

also unable to detect the presence of BLV viral DNA in any 

of the samples that resulted from the washing of the sperm 

either by Swim-Up or discontinuous Percoll gradient 

treatment.  It has previously been shown that in vivo-derived 

embryos exposed to BLV can be washed so that no infection 

occurs within the embryo [32] . This means that the BLV 

virus does not penetrate the intact zona pellucida. With this 

knowledge, the International Embryo Technology Society 

(IETS) developed a protocol that provides a series of washing 

steps in order to eliminate the BLV virus from the surface of 

the embryo [33]. Many studies have looked at infection in the 

semen and the possible risk of infecting the female 

inseminated with the semen. Nash et al. [34] found that 

bovine immunodeficiency virus (BIV), a retrovirus closely 

related to BLV, was found in seminal leukocytes, but no 

traces were found in the spermatozoa. Gradil et al. [35] also 

found no traces of the virus in the spermatozoa after 

artificially infecting bulls. Further, Kaja and Olson [18] 

found that transmission of the BLV virus did not occur when 

semen that was free of leukocytes when placed 

intraperitoneally in test sheep. Those in vivo results indicate 

that this type of virus does not affect the sperm cells 

themselves, and therefore embryos produced via IVF may not 

be infected. Bielanski et al. showed the possibility of 

producing embryos in vitro, with semen exposed to high 

concentrations of the BLV virus [32]. However, this paper 

showed that while there was no BLV viral DNA in 1) 

embryos from oocytes inseminated with BLV-spiked semen, 

2) zona pellucida-intact embryos exposed to BLV after 

fertilization, 3) zona pellucida-free embryos exposed to BLV 

after fertilization, or 4) control embryos, sperm samples 

spiked with unusually high concentrations (105 TCID50/ml) 

of virus were positive after Swim-Up separation. That 

experiment was performed using semen artificially infected 

(BLV-infected fetal lamb kidney cell line) with 

pharmacological concentrations of virus. Therefore, it was 
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necessary (the present study) to test the ability of semen from 

a naturally infected bull to infect in vitro produced embryos. 

The present studies were designed to complement the studies 

previously cited, demonstrating that it is possible to obtain 

BLV-negative embryos using BLV seropositive bull semen. 

The present results (no virus detection in all samples) support 

the widespread results of previously published papers.[19, 

23, 35, 36] The embryos produced in the present study did 

not show presence of the virus, in accordance other studies 

that evaluated in vitro [32, 33] and in vivo produced embryos 

[23, 36]. However, in disagreement with Bielanskiet al., our 

results did not show positive semen samples after the 

Swim-Up [32] likely due to the absence of non-physiological 

titers of virus in the semen. Khamesipour et al. found BLV 

virus in 20% of frozen semen samples from bulls in 

commercial AI studs [37], but these results are inconsistent 

with our results and those of Choi et al. [19] who found the 

absence of BLV virus in the semen of seropositive bulls. 

V. CONCLUSIONS 

In conclusion, our data indicate the use of BLV 

seropositive bull semen for the production of in vitro 

fertilized embryos showed no statistically significant risk of 

infecting the embryos produced. Our results show that 

virus-free embryos can safely be produced from seropositive 

bulls. Our findings could lead to major changes in both 

IVF-derived embryos and also semen export. If semen 

companies could test high-demand BLV positive bulls for 

viral particles in the semen, virus-free semen could be 

exported. Further, IVF-derived embryos produced using 

semen from BLV seropositive bulls could be exported if the 

BLV virus was not present in the sample of that specific 

collection. Additional studies need to be performed with 

other bovine viruses (i.e. BVD, IBR) to determine if 

virus-free IVF embryos can be produced from semen from 

seropositive bulls for those organisms. 
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