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Abstract: In this paper, we consider the gp51 and p24 genes of the bovine leukemia virus (BLV) as 

"DNA-targets" for the detection of the BLV proviral DNA. We found that the gp51 and p24 genes of 

BLV are sufficiently specific to be used as marker sequences in PCR. The bioinformatic analysis of 

intraspecies specificity was conducted for each primer combination, and as a result, we found that they 

are complementary to most of the full-genome nucleotide sequences of BLV isolates displayed at NCBI 

online resources. We were able to show that the designed primer combinations possess high sensitivity, 

reaching 15 cells/𝜇l in both variants. Furthermore, we compared the PCR method with the suggested 

primer combinations against other laboratory diagnostic methods, namely BLV-AGID and ELISA. 

Regarding BLV detection, the PCR method with each primer combination applied to genes gp51 and 

p24 separately was more effective than both AGID and ELISA; it surpassed the former by 13.5% and 

14.4%, respectively, and the latter by 6.1% and 7.0%, respectively. The simultaneous use of both primer 

combinations on a single amplified mixture showed the largest number of BLV-infected cows (53 

animals) compared to the separate amplification of each genetic marker.  
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FLK-BLV; genotype.  
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1. Introduction 

Bovine leukemia virus (BLV) is a health problem of particular relevance for the whole 

world. It causes significant economic losses [1-9]. According to Rosselkhoznadzor data [10], 

1602551 heads of cattle were examined by hematological sampling in 2020; 18521 animals 

tested positive to BLV, and 19764 had to be slaughtered. BLV causes blood and lymph disease 

in cattle. They are the natural host of BLV. At present, neither treatment nor vaccine has proven 

to be effective against BLV [11]. 

The virus integrates into B-lymphocytes, which implies a lifelong infection for the 

animal [12]. The greatest damage to breeding farms is caused by leukemia since the gene pool 

of breeds gets destroyed due to anti-epizootic measures. As a consequence of leukemia-related 

restrictions, breeding farms cannot sell genetically valuable bull calves and heifers, and they 

turn into commodity producers of meat and milk. BLV and human T-cell leukemia viruses type 
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1 and type 2 (HTLV-1 and HTLV-2) are closely related representatives of the same family, 

Retroviridae, and both cause hematological diseases [13, 14]. Recently, BLV has been 

identified in human breast tissue and blood cells, and there are suggestions that it may be 

involved in developing breast cancer in women [15-19]. 

Diagnostic studies of leukemia in the Russian Federation rely on serological (agar-gel 

immunodiffusion (AGID) and enzyme-linked immunosorbent assay (ELISA)), molecular 

biological (PCR), hematological, clinical, and pathomorphological methods [20]. Currently, 

the system of preventive measures in the Russian Federation is based on the AGID assay. 

However, as practice shows, the currently employed diagnostic methods do not solve the 

problem of leukemia. They have been meticulously developed and possess many advantages 

but do not ensure the detection of all BLV-infected animals. A significant disadvantage of 

serological and hematological diagnostic methods is their inability to detect BLV in the early 

stages of the disease. PCR, on the contrary, makes possible the diagnosis of leukemia at any 

stage of development of the disease (after the insertion of a proviral insert into the animal 

genome), thereby avoiding time delays, which is crucial in this case. The method makes 

detecting infected animals among those testing seronegative (calves under six months old at 

early stages of infection) [21]. 

A 1991 paper by R. B. Brandon et al. is considered one of the first reports on using the 

PCR method to diagnose enzootic leukosis [22]. They successfully applied PCR with 

electrophoretic detection for the detection of BLV proviral DNA in experimentally infected 

sheep. In cattle, PCR for leukemia diagnosis was first used by M. P. Murtaugh et al. [23] in 

1991. They examined blood from seropositive and seronegative cows and detected the 

pathogen in 13 out of 18 seropositive animals at different stages of infection. Rola & Kuzmak 

[24] used a very interesting variation of the nested PCR assay to detect reaction products by 

the ELISA assay (PCR–ELISA). The sensitivity of the assay was 10−4 ng of proviral DNA in 

a background of 1 𝜇g of BLV-negative host DNA, which significantly exceeded the 

electrophoretic detection and equaled the sensitivity of Southern blot hybridization. 

Jaworski et al. [25] conducted an interlaboratory comparison of six quantitative or real-

time PCR (qPCR) assays to detect the enzootic leukosis virus. All the assays were based on the 

identification of specific regions of the pol and tax genes. In the study, 58 DNA samples were 

distributed to and separately examined at research laboratories in Argentina, Belgium, 

Germany, Japan, Poland, and the United Kingdom, according to their respective qPCR 

protocols. Out of the 57 seropositive samples, 47, 45, 49, 32, 53, and 56 samples were positive 

by the Argentinian, Belgian, German, Japanese, Polish, and UK qPCR methods, respectively. 

The most sensitive method was the UK qPCR, and the method with the lowest sensitivity was 

the Japanese qPCR. Moreover, 33 of the 58 samples were correctly identified by all qPCR 

methods. A single BLV-seropositive sample (№ 31) tested negative by all qPCR assays. The 

remaining 24 samples gave inconsistent results. A comparison of the qualitative results 

(positive versus negative) from all six laboratories yielded an 80% overall agreement and a 

kappa value of 0.342 (Cohen's kappa method adapted by Fleiss). The highest agreement was 

observed between two laboratories: the Polish and the UK, with 94.8% agreement and a 

Cohen's kappa value of 0.549. These two laboratories used similar protocols and targeted the 

same region of the BLV pol gene. 

Jimba et al. [26] designed degenerate primers from 52 individual BLV long-terminal 

repeat (LTR) sequences identified from 356 BLV sequences in GenBank using the CoCoMo 

algorithm, specifically developed for the detection of several virus species. By melting-curve 
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analysis after real-time PCR amplification, the most specific primers for detecting BLV LTR 

were selected from 72 sets of primers out of 49 candidate primers. An internal BLV TaqMan 

probe was used to enhance the specificity and sensitivity of the assay. The assay was highly 

specific, sensitive, quantitative, and reproducible; it detected BLV in several samples that 

tested negative by previously developed nested PCR assays. 

According to data available in the literature on the use of PCR in the diagnosis of bovine 

leukosis, we can draw the following conclusions: 

1. A rather large number of PCR assays have been developed for BLV detection ("classical" 

PCR, nested PCR, PCR–ELISA, real-time PCR, BLV-CoCoMo-qPCR, and so forth). 

2. Each PCR assay has advantages and disadvantages. 

3. Most PCR methods are based on the determination of a single gene that is represented in 

the genome of the pathogen, usually by one copy (e.g., p24, gp51, pol, gag, tax, env), 

except for the long-terminal repeat (LTR) sequence, which is represented by two copies. 

Firstly, single-target PCR assays can have reduced sensitivity since only one copy of 

the gene is detected (except for LTR) [27-28]. Secondly, mutations in the pathogen genome, 

especially in regions where primers and probes bind to the template DNA, can lead to false-

negative PCR results and reduce the assay specificity [29]. 

In this paper, we consider using various "genetic" targets for the detection of BLV 

proviral DNA, both separately and in combinations, to overcome the reduction of the sensitivity 

and specificity of assays. 

2. Materials and Methods 

2.1. Samples.  

Blood and blood serum samples were collected from adult cattle at several agricultural 

enterprises of the Republic of Tatarstan. Samples were not frozen. Additionally, we used a 

culture of fetal lamb kidney (FLK) cells chronically infected with BLV in the experiments. 

Blood samples, blood serum, and the FLK culture were stored at a temperature of 2 ℃ to 8 ℃ 

for no more than 3 days before DNA extraction. 

2.2. DNA extraction.  

The "DNA-sorb B" kit (Rospotrebnadzor Central Research Institute of Epidemiology) 

was used for the extraction of nucleic acids. The DNA was extracted as per the manufacturer's 

instructions. The amount of extracted DNA was determined using a UV5Nano 

spectrophotometer (Mettler Toledo). The DNA concentration of the samples ranged from 18 

to 30 ng/ml. 

2.3. ELISA.  

For ELISA, we used a kit for the detection of BLV antibodies (Vetbiokhim, Moscow). 

2.4. AGID.  

For AGID, we used a kit for serological diagnosis of bovine leukosis (FKP “Kurskaia 

biofabrika–Firma “Biok””, Kursk). 
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2.5. Nested PCR.  

As a validation procedure for the developed PCR methods for detection of BLV proviral 

DNA, we used a modification of nested PCR with "external" ("env 5032"-5′-

tctgtgccaagtctcccagatа-3′ and "env 5608"-5′-aacaacaacctctgggaagggt-3) and "internal" ("env 

5099"-5′-cccacaagggcggcgccggttt-3′ and "env 5521"-5′-gcgaggccgggtccagagctgg-3′) primers, 

initiating the amplification of a fragment of the BLV gene env of 444 base pairs in length, 

according to Beier [30]. 

2.6. Design and synthesis of primers and fluorescently labeled probes.  

We used the complete genome sequence of the BLV (GenBank ID: K02120.1) [31]. In 

the design of primers and the oligonucleotide probe specific to the nucleotide sequences of the 

BLV gp51 gene, we made use of the Vector NTI 9.1 software package. A previously published 

paper described the design of primers and fluorescently labeled probes specific to the BLV p24 

gene [32]. Primers and fluorescent probes for real-time PCR were synthesized by Sintol LLC 

(Moscow, Russia). 

2.7. Bioinformatic analysis.  

We examined the intraspecies specificity of the designed primers and probes with 

respect to several isolates of BLV. For this, we performed a multiple alignment of 80 full-

genome sequences of BLV (AF033818, AF257515 [33], LC433846 [34], LC436098 [34], 

EF600696 [35], AB934283, AB934282, HE967301, HE967302, HE967303, LC005616, 

LC005615, AP018007 [36], AP018008 [36], AP018009 [36], AP018010 [36], AP018012 [36], 

AP018013 [36], AP018014 [36], AP018015 [36], AP018016 [36], AP018017 [36], AP018018 

[36], AP018019 [36], AP018020 [36], AP018021 [36], AP018022 [36], AP018023 [36], 

AP018024 [36], AP018025 [36], AP018026 [36], AP018027 [36], AP018028 [36], AP018029 

[36], AP018030 [36], AP018031 [36], AP018032 [36], AP018006 [36], MG800834 [37], 

MH170028 [38], MH170029 [38], MH170030 [38], MH170027 [38], KT122858, K02120 

[31], LC080651 [39], LC080652 [39], LC154848 [40], LC080654 [39], LC080659 [39], 

LC080660 [39], LC080661 [39], LC080662 [39], LC080663 [39], LC080653 [39], LC080655 

[39], LC080656 [39], LC080657 [39], LC080658 [39], LC080664 [39], LC080665 [39], 

LC080666 [39], LC080667 [39], LC080668 [39], LC080669 [39], LC080670 [39], LC080671 

[39], LC080672 [39], LC080673 [39], LC080674 [39], LC080675 [39], LC154849 [39], 

FJ914764 [41], MF580991 [42], MF580993 [42], MF580994 [42], MF580992 [42], 

MF580995 [42], MF580990 [42], NC_001414) stored in the nucleotide sequence database at 

the National Center for Biotechnology Information (NCBI). For the analysis, we employed the 

program AlignX from the Vector NTI 9.1 software package. 

2.8. Positive control sample.  

As the positive control sample (PCS) in the contrived methods for real-time PCR, we 

used a preparation of DNA extracted from a culture of fetal lamb kidney cells chronically 

infected with BLV (FLK-BLV). 
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2.9. Real-time polymerase chain reaction.  

The amplification was performed on a DT 96 detecting amplifier (DNA-Technologia, 

Russia) and a C1000 thermal cycler chassis with a CFX96 optical reaction module (Bio-Rad, 

USA), in test tubes of 0.2 cm3. 

The detection of the BLV p24 gene by real-time PCR was performed according to the 

following amplification protocol: (phase I) DNA denaturation at 95 ℃ for 5 minutes; (phase 

II) 42 cycles at 95 ℃ for 15 seconds and 61 ℃ for 30 seconds (detection through the ROX 

channel); (phase III) preservation at 10 ℃. 

The detection of the BLV gp51 gene by real-time PCR was performed according to the 

following amplification protocol: (phase I) DNA denaturation at 95 ℃ for 5 minutes; (phase 

II) 42 cycles at 95 ℃ for 15 seconds and 60 ℃ for 30 seconds (detection through the ROX 

channel); (phase III) preservation at 10 ℃. 

The simultaneous detection of the gp51 and p24 genes by real-time PCR was performed 

according to the following amplification protocol: (phase I) DNA denaturation at 95 ℃ for 5 

minutes; (phase II) 42 cycles at 95 ℃ for 15 seconds and 60.5 ℃ for 30 seconds (detection 

through the ROX channel); (phase III) preservation at 10 ℃. 

The composition of the PCR mixture for detection of the gp51 and p24 genes was as 

follows: 1.5 𝜇l of 10-fold PCR buffer (Sintol LLC, Russia); 1.5 𝜇l of 2.5 mM dNTP solution 

(Sintol LLC, Russia); 1.5 𝜇l of 25 mM MgCl2 solution (Sintol LLC, Russia); 10 pM solutions 

of primers and fluorescently labeled probes specific to the BLV gp51 and p24 genes (0.5 𝜇l of 

each oligonucleotide); 0.5 𝜇l of Taq polymerase (5 units/𝜇l) (Sintol LLC, Russia); 5.5 to 7 𝜇l 

of the test sample (template DNA). Specific oligonucleotides (primers and probes) were 

synthesized by Sintol LLC (Russia). The final volume of the reaction mixture was 15 𝜇l. 

3. Results and Discussion 

3.1. Search for unique nucleotide sequences. 

We used the NCBI nucleotide sequence databases to search for unique and specific 

nucleotide sequences for the detection of BLV proviral DNA. The corresponding search query 

was built on the following keywords: bovine leukemia virus, BLV. The search yielded 2731 

nucleotide sequences of BLV genes. In the obtained data set, we found a full-genome sequence 

of BLV, K02120.1, which we used for further research and the design of primer combinations. 

It is worth noting that we chose the K02120.1 nucleotide sequence because the main BLV 

genes, including p24 and gp51, which we used for further processing, are clearly rendered in 

it. 

Next, we searched for the most specific regions of the BLV genome. The gp51 and p24 

genes were chosen. The gp51 gene is part of the env gene and encodes the surface protein gp51, 

which, together with the transmembrane protein gp30, interacts with the virus and the cell [44]. 

The p24 gene is part of the gag gene and encodes the BLV nucleocapsid protein p24. Thus, 

considering the functional characteristics of the proteins that encode the relevant genes (i.e., 

gp51 and p24), we conclude that the genes used to design primer combinations for real-time 

PCR must have sufficient specificity. 
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The nucleotide sequences of the gp51 and p24 genes were then copied from the BLV 

full-genome sequence and saved as a separate file in the *.gb format, using the program Vector 

NTI 9.1. 

Afterward, we used the sequences of these genes to design primers and fluorescent 

probes to detect BLV proviral DNA. 

3.2. Design of specific primers and an oligonucleotide probe to specific BLV sequences. 

For the design of primers and an oligonucleotide probe that are specific to the nucleotide 

sequence of the gp51 gene, we used the Vector NTI 9.1 program. As a previous step, we copied 

the target sequences of these genes from the NCBI site, saved them in the GenBank format 

(*.gb), and loaded them into Vector NTI 9.1 (see Figure 1). 

 

Figure 1. The nucleotide sequence of a part of the glycoprotein gene gp51, indicating the binding sites 

for specific primers and probes (Vector NTI 9.1 interface is shown in the figure). FP, RP, and Z denote the 

binding site of the forward primer, the reverse primer, and the oligonucleotide probe, respectively. 

A previously published paper described the design of primers and fluorescently labeled 

probes for the BLV p24 gene [32]. 

In Table 1, we can see the primers and oligonucleotide probes, grouped in primer 

combinations designed to detect the BLV proviral DNA. 

Table 1. Primers and oligonucleotide probes. 
Function Position in the 

nucleotide 

sequence 

Primer 

combination 
Nucleotide sequence 5 3→   

Forward primer 5350–5371 Primer 

combination I 

specific to the 
gp51 gene 

ctgatccccctcaacccgactt 

Reverse primer 5478–5499 atatttcgggagcccagggagg 

Oligonucleotide probe 5415–5445 FAM-aggcccgtgctgtttgatttaaaagcagggc-
BHQ1 

Forward primer 1041–1061 Primer 
combination II 

specific to the p24 

gene 

ggcaccgggttcgcaagtatg 

Reverse primer 1159–1180 ccgttaggctggtcatgtgggc 

Oligonucleotide probe 1126–1154 ROX-tgatcgaccggggaagcaatatattggca-

BHQ2 

Note: Oligonucleotides were designed taking as a basis the nucleotide sequence K02120.1 (GenBank ID). 

3.3. In silico assessment of the intraspecies specificity of the BLV p24 and gp51 genes. 

Another important criterion in the design of oligonucleotides for real-time PCR is the 

analysis of the selected sequences in terms of their degree of genetic diversity, particularly to 

what extent primers and probes for detecting certain virus isolates are suitable for other BLV 

isolates. For this reason, we decided to research how the sequences of the genes gp51 and p24 

in different virus isolates differ from each other. For this purpose, we searched for "bovine 

leukemia virus" in the NCBI database of nucleotide sequences and found 80 full-genome 

sequences of BLV (they are indicated in the "Materials and Methods" section). Then, we 

examined the sequences with the program AlignX from the Vector NTI 9.1 package. In 

particular, we conducted multiple alignments of nucleotide sequences to assess the degree of 

conservation of the primers and oligonucleotide probes (see Table 1) that we designed to detect 
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BLV proviral DNA by real-time PCR. We began with the analysis of the combination of 

primers flanking the region of the BLV gp51 gene (FP-GP51, RP-GP51, and P-GP51). 

The forward primer FP-GP51 is complementary to nucleotides 5367–5388 in the BLV 

full-genome nucleotide sequence AB934282. It is not found in the nucleotide sequences 

AB934283 and LC433846. Furthermore, in the DNA segment complementary to the FP-GP51 

primer, there are single-point substitutions in the nucleotide sequences MH170027, 

MH170030, LC154849, MF580994, and MF580995. In the remaining 74 BLV nucleotide 

sequences considered, the FP-GP51 primer fully complements the target BLV DNA region, 

which indicates a sufficient degree of conservation of this DNA segment. 

The reverse primer RP-GP51 is complementary to nucleotides 5367–5388 in the BLV 

full-genome nucleotide sequence AB934282. It is absent from the nucleotide sequence 

AB934283. Furthermore, in the DNA segment complementary to this primer, there are single-

point substitutions inside the nucleotide sequences LC154849 and MF580993. In the remaining 

78 BLV sequences provided, the RP-GP51 primer fully complements the specified BLV DNA 

region. 

The oligonucleotide probe P-GP51 is complementary to nucleotides 5432–5456 in the 

BLV full-genome nucleotide sequence AB934282. It is absent from the nucleotide sequences 

AB934283 and LC433846. This probe is fully (100%) complementary to the DNA regions in 

34 of the sequences (AP018008, AP018015, AP018032, HE967301, HE967302, HE967303, 

LC080653, LC080651, LC080652, AP018029, AP018030, LC436098, AP018020, BLVCG, 

AP018022, AP018023, AP018031, AP018021, AP018007, AP018012, AP018016, AP018018, 

AP018015, AP018027, LC005616, LC005615, MH170028, MH170027, AP018026, 

AP018028, AP018024, AP018014, AP018019, AP018009, AB934282). In the remaining 

sequences, point nucleotide substitutions occur in the BLV DNA sections complementary to 

the probe P-GP51. It should also be noted that two or three nucleotide substitutions are found 

in the regions complementary to this probe in 14 nucleotide sequences (LC080657, LC080658, 

MF580992, AF257515, FJ914764, LC080655, MG800834, LC154848, MF580993, 

LC154849, MF580994, MF580995, LC080654, EF600696). 

Next, we examined the combination of primers flanking the region of the BLV p24 

gene. The forward primer FP-P24 is complementary to nucleotides 1047–1067 in the sequence 

AB934282. In 53 of the sequences, this primer is fully complementary to the sought DNA 

regions. In 28 sequences (AP018014, LC080656, MF580990, LC154848, MF580993, 

LC080659, LC080663, LC080662, LC080661, LC080664, LC080670, LC080665 LC080667, 

LC080669, LC080673, LC080671, LC080674, LC080675, LC080666, LC080668, LC080672, 

LC080660, HE967301, HE967302, HE967303, LC080653, LC080652, AP018027), there are 

point nucleotide substitutions in the DNA region to which the primer FP-P24 is 

complementary. Furthermore, 17 nucleotide sequences (LC080659, LC080663, LC080662, 

LC080661, LC080664, LC080670, LC080665, LC080667, LC080669, LC080673, LC080671, 

LC080674, LC080675, LC080666, LC080668, LC080672, LC080660) have two or three point 

nucleotide substitutions in the region complementary to the primer. 

The reverse primer RP-P24 is complementary to the region of the nucleotide sequence 

AB934282 at positions 1165–1186. In 45 sequences, this primer is fully complementary to the 

specified DNA regions. In 36 nucleotide sequences (AF033818, NC_001414, KT122858, 

LC080656, MF580990, MH170029, MH170030, LC080657, LC080658, MF580991, 

MF580992, LC154848, MF580993, LC154849, MF580994, MF580995, AF257515, 

FJ914764, LC080655, LC080654, LC080659, LC080663, LC080662, LC080661, LC080664, 
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LC080670, LC080665, LC080667, LC080669, LC080673, LC080671, LC080675, LC080666, 

LC080668, LC080672, LC080660), there are point nucleotide substitutions in the DNA region 

to which the primer RP-P24 is complementary. There are 5 nucleotide sequences (MF580990, 

MF580992, AF257515, FJ914764, LC080655) having 2 point nucleotide substitutions in the 

region complementary to the primer. 

The oligonucleotide probe P-P24 is complementary to the nucleotide sequence 

AB934282 at positions 1132–1156. In 79 of the sequences, the probe is fully complementary 

to the indicated DNA regions. In 2 sequences (AP018007 and MF580993), there are point 

nucleotide substitutions at the indicated sites. The small number of nucleotide sequences with 

mutations suggests that the probe is complementary to a fairly conservative section of the BLV 

genome. 

Summing up the bioinformatic analysis of the BLV full-genome nucleotide sequences 

found in the NCBI database, we can affirm that the designed primer combinations for the BLV 

gp51 and p24 genes flank rather conservative regions of the pathogen's genome, in particular, 

the primers and the probe specific to the gene of the virus nucleocapsid protein p24. The point 

nucleotide substitutions that occur in some sequences are, in most cases, single and are located 

roughly in the middle of the DNA region complementary to the primer or probe. Ultimately, 

this does not have a significant impact on the PCR results. The conservation of the flanked 

regions of the genome is a rather convenient feature when developing a universal real-time 

PCR method capable of detecting most of the known BLV isolates. However, in the DNA 

regions complementary to the primer combination specific to the BLV gp51 gene, 14 BLV full-

genome nucleotide sequences have two or three-point nucleotide substitutions each. As for the 

primers specific to the BLV p24 gene, there are already 22 nucleotide sequences with two or 

three-point nucleotide substitutions. Incomplete complementarity and point substitutions at the 

ends of the "annealing" of primers can eventually lead to difficulties with PCR tests [26, 44]. 

Also, the AB934283 and LC433846 sequences do not contain any complementary 

regions whatsoever for the primer combination specific to the gp51 gene. This means that PCR 

is impossible for the said sequences with the said combination of primers. To overcome the 

possible difficulties with PCR, we suggest the simultaneous use of two primer combinations 

specific to the p24 and gp51 genes in a single PCR reaction mixture to detect the BLV proviral 

DNA. This approach makes it possible to identify most known types and isolates of BLV, 

including the mutant forms thereof. Furthermore, the simultaneous use of two loci of the BLV 

proviral DNA as "targets" in PCR significantly increases the chances of detecting the BLV 

pathogen in the studied samples, regardless of its genetic diversity. 

3.4. Assessment of the sensitivity of the designed primer combinations. 

Sensitivity is one of the main quality indicators of laboratory methods for detecting 

pathogens of infectious diseases. This indicator shows which minimum amount of wanted 

"target" substance in a given volume the method can determine. It depends on many factors 

but, first of all, on the quality of the process of extraction of nucleic acid from the primary 

material, the correct choice of temperature and time conditions, the components of the reaction 

mixture, and the accuracy of the selection of primers and fluorescent oligonucleotide probes. 

Below, we set forth the results obtained when assessing the sensitivity of the real-time PCR 

method by previously designed primer combinations. 

To assess the sensitivity of the PCR method, we prepared a series of ten-fold dilutions 

from a suspension of a culture of FLK-BLC cells. The obtained DNA concentration ranged 
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from 1.5 × 106 to 1.0 × 100 cells/𝜇l. The cells were counted as per the standard procedure 

using a hemocytometer. In real-time PCR with a primer combination specific to the BLV gp51 

gene, the minimum dilution of FLK-BLV cells at which we could record a positive signal was 

1,5 × 101 cells/𝜇l (see Table 2 and Figure 2). The same sensitivity (1,5 × 101 cells/𝜇l) was 

obtained when using a primer combination specific to the BLV p24 gene (see Table 2 and 

Figure 3). 

Table 2. Sensitivity of the PCR method with the designed primer combinations. 
Test tube descriptor Quantification limit 

(cells/μl) 

Primer combination I specific 

to the BLV gp51 gene  

Ct (ROX) (cycles) 

Primer combination II 

specific to the BLV p24 

gene 

Ct (ROX) (cycles) 

Negative control sample  unspec. unspec. 

1st dilution (100) 1.5 × 106 18.34 18.08 

2nd dilution (10-1) 1.4 × 105 21.77 21.87 

3rd dilution (10-2) 1.2 × 104 25.10 24.68 

4th dilution (10-3) 1.5 × 103 28.31 28.69 

5th dilution (10-4) 1.3 × 102 31.08 31.67 

6th dilution (10-5) 1.5 × 101 33.71 33.61 

7th dilution (10-6) 1.0 × 100 unspec. unspec. 

Note: unspec.-unspecified; Ct-threshold cycle. 

 
Figure 2. Sensitivity assessment of the PCR method based on the detection of the BLV gp51-gene region (the 

figure shows the interface of CFX Manager 3.1 (Bio-Rad, USA)). Notations: Graphs 1, 2, 3, 4, 5, and 6 show 

the fluorescence to DNA extracted from 10-fold dilutions of the positive control sample (FLK-BLV cell 

culture). 

 
Figure 3. Sensitivity assessment of the PCR method based on the detection of the BLV p24-gene region (the 

figure shows the interface of CFX Manager 3.1). Notations: Graphs 1, 2, 3, 4, 5, and 6 show the fluorescence to 

DNA extracted from 10-fold dilutions of the positive control sample (FLK-BLV cell culture). 
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3.5. Assessment of the specificity of the designed primer combinations for PCR-based 

detection of BLV. 

For assessing the specificity of the developed methods, we used the following DNA 

samples: DNA extracted from a virus-producing culture of fetal lamb kidney cells (FLK-BLV); 

DNA extracted from the blood of a healthy cow; DNA extracted from a cell culture infected 

with herpesvirus (the pathogen of bovine infectious rhinotracheitis); cDNA of rabies virus; 

DNA extracted from a culture of E. coli; DNA extracted from a culture of Salmonella 

typhimurium; DNA extracted from a Bacillus subtilis culture; DNA extracted from a culture of 

Staphylococcus aureus; DNA extracted from the blood of a healthy lamb; DNA extracted from 

rabbit blood. The results are given in Table 3 and Figure 4. 

Table 3. Specificity of the primer combinations for the BLV gp51 and p24 genes. 

Probe descriptor Primer combination I 

specific to the BLV gp51 

gene  

Ct (ROX) (cycles) 

Primer combination II 

specific to the BLV p24 gene 

Ct (ROX) (cycles) 

K– (deionized water) unspec. unspec. 

BLV proviral DNA. extracted from a culture of fetal lamb 

kidney cells chronically infected with BLV (FLK-BLV) 

19.82 20.43 

DNA extracted from healthy cow blood unspec. unspec. 

cDNA of rabies virus unspec. unspec. 

DNA isolated from a culture of cells infected with herpesvirus 
(the pathogen of bovine infectious rhinotracheitis) 

unspec. unspec. 

DNA extracted from a culture of E. coli unspec. unspec. 

DNA extracted from a culture of Salmonella typhimurium unspec. unspec. 

DNA extracted from a culture of Bacillus subtilis unspec. unspec. 

DNA extracted from a culture of Staphylococcus aureus unspec. unspec. 

DNA extracted from healthy lamb blood unspec. unspec. 

DNA extracted from rabbit blood  unspec. unspec. 

Note: unspec.---unspecified; Ct---threshold cycle. 

 
Figure 4. The test results for the specificity of primer combinations designed for the BLV gp51 and p24 genes 

(the figure shows CFX Manager 2.1 interface). Notations: Graphs 1 and 2 show the fluorescence vs. the number 

of cycles for primer combinations specific to the p24 (1) and gp51 (2) genes of the BLV genome in FLK-BLV 

DNA. 

The data presented (Table 3, Figure 4) shows that the combinations of primers for the 

BLV gp51 and p24 genes, designed to detect proviral BLV DNA by PCR, are highly specific. 
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These combinations detect only the BLV proviral DNA. All heterologous DNA samples tested 

negative. 

3.6. Assessment of the effectiveness of the primer combinations designed to detect BLV 

proviral DNA, compared to ELISA and AGID assays. 

In this study, we used primer combinations for the gp51 and p24 genes of the BLV 

genome. We assessed the effectiveness of these primer combinations in real-time PCR against 

the results yielded by generally accepted laboratory assays for diagnosing bovine leukosis (e.g., 

AGID and ELISA). For this, we examined blood and serum samples from 325 cows collected 

at several farms of the Republic of Tatarstan (Russian Federation). In the study, we used nested 

PCR (modified by Beier [30]) as a standard method for determining BLV proviral DNA. The 

presence of BLV proviral DNA was found in 215 blood samples, that is, 66.15% of the total 

number of animals investigated. In blood sera from the same animals, we detected the presence 

of BLV-specific antibodies in 196 samples using ELISA (that is, 91.1% relative to nested PCR) 

and 180 samples using AGID (83.7% relative to nested PCR) (Table 4). 

Table 4. Results of the analysis of samples by the designed primer combinations, nested PCR, ELISA, and 

AGID.  
Nested PCR Primer combination 

for detection of the 

BLV gp51 gene  

Primer combination 

for detection of the 

BLV p24 gene 

ELISA AGID 

Total number of samples 325 325 325 325 325 

Number of positive tests 215 209 211 196 180 

Sensitivity % relative to 
nested PCR 

 
97.2 98.1 91.1 83.7 

According to our data, in the study of 325 blood samples, the sensitivity of the primer 

combinations specific to the BLV gp51 and p24 genes was 97.2% and 98.1%, respectively, 

relative to the number of samples that tested positive by the nested PCR method. 

In the AGID assay, 35 samples out of 215 tested negative for BLV, so the sensitivity 

of the AGID method was 83.7%. 

19 samples tested negative in the ELISA assay, so the method's sensitivity was 91.1% 

of the number of positive samples. Comparing the results, we concluded that the designed 

primer combinations for the gp51 and p24 genes are more effective for detecting the pathogen 

of bovine leukosis than both AGID by 13.5% and 14.4%, respectively, and ELISA by 6.1% 

and 7.0%, respectively. 

3.7. Real-time PCR test of the primer combinations for detection of BLV proviral DNA. 

In this study, we tested two primer combinations: a combination I for detection of the 

gp51 gene region of the BLV genome, and combination II, for detection of the p24 gene region 

of the BLV genome. We also tested a third primer combination, designed as a mixture of primer 

combinations I and II, for simultaneous detection of the gp51 and p24 regions of the BLV 

genome. The third combination was introduced to determine whether it is possible to increase 

the sensitivity of the real-time PCR method by simultaneously using primer combinations 

specific to different "DNA targets" in one PCR mixture. 

We examined 102 blood samples from cows owned by "Kamsko-Ustinskoe" LLC, a 

farm located in Kamsko-Ustinsky district (Republic of Tatarstan, Russian Federation). The 

results are shown in Table 5. 
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Table 5. Real-time PCR test of blood samples from cows owned by ``Kamsko-Ustinskoe'' LLC (Kamsko-

Ustinsky district, Republic of Tatarstan, Russian Federation).  
Primer combination I 

(for detection of the 

BLV gp51 gene)  

Primer combination II 

(for detection of the 

BLV p24 gene)   

Primer combination III 

(for simultaneous 

detection of BLV gp51 

and p24 genes) 

Total number of samples 102 102 102 

Number of positive tests 46 47 53 

% of positive tests 45.09 46.07 51.9 

Mean Сt value (cycles) 28.70 29.56 29.61 

In the tests using primer combination I, designed to detect the BLV gp51 gene, the BLV 

proviral DNA was detected in 46 blood samples (45.09% of the total number). When using 

primer combination II to detect the BLV p24 gene, the proviral DNA was detected in 47 blood 

samples (46.07% of the total number). 

The largest number of real-time PCR positive tests (53 samples, i.e., 51.9% of the total 

number) was obtained with primer combination III. This combination, in which primers and 

fluorescently labeled probes, designed to detect different "DNA targets" (BLV gp51 and p24 

genes) in a single PCR mixture, are used simultaneously, exceeded by 7 (6.86%) and 6 (5.88%), 

respectively, the numbers of positive tests yielded by combinations I and II. 

Most likely, the larger number of positive tests produced by combination III, compared 

to primer combinations I and II separately, is because several BLV isolates circulate among the 

farm animals. As shown by the bioinformatic analysis of intraspecies specificity, some isolates 

can be detected by all primer combinations, whereas variants can be detected by only one 

combination of primers. This phenomenon can be explained by the presence of point mutations 

of the template DNA at the "annealing" points of specific primers and probes, and this can 

sometimes preclude PCR with certain primer combinations. In other words, when we use both 

primer combinations simultaneously in the PCR mixture, we increase the probability of 

detecting the BLV proviral DNA since each primer combination can detect its own specific set 

of isolates, which differs from that of other combinations. Thus, the simultaneous use of two 

or three sets of primers increases the number of detectable isolates. However, we should not 

forget that it is necessary to consider the interplay of primers and probes with each other to 

minimize the formation of dimers and concurrent interaction. 

4. Conclusions 

After conducting a bioinformatic analysis involving multiple alignments of full-

genome nucleotide sequences of BLV isolates stored in the NCBI database, we concluded that 

previously designed primer combinations complemented the gp51 and p24 gene regions are 

suitable for detection of the proviral DNA of most BLV isolates by real-time PCR. However, 

sequences also feature considerable point nucleotide substitutions at the "annealing" points of 

primers and probes, which can give rise to difficulties in PCR assays. 

The simultaneous use of primer combinations designed for the BLV gp51 and p24 

genes made it possible to detect a larger number of cows infected with leukosis in the studied 

herd. 

Based on the found marker sequences (regions of the BLV gp51 and p24 genes), we 

developed an assay for diagnosing BLV by real-time PCR. Furthermore, we proved that the 

suggested method for detecting BLV proviral DNA is highly specific and sensitive. For this 

reason, it could become an effective tool for the early diagnosis of enzootic leukosis in 
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conjunction with other methods, such as AGID and ELISA. This could speed up and make 

more effective the diagnostic measures taken to identify infected animals. 
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