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Enzootic bovine leukosis caused by a bovine leukemia virus has a significant economic impact and is 
reported in World Organization for Animal Health(OIE). Aim. The purpose of our work was to improve 
the nested polymerase chain reaction (PCR) recommended by the OIE conducting it second-stage in 
real-time (RT) PCR. Such modification does not require the stage of gel electrophoresis and consequently 
reduces contamination risks and prevents false positive results. Methods. Primers that are recommended 
by the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (OIE) were used for the first 
amplification stage. For the second stage of the proposed modification of nested PCR, the primers and 
probe were designed based on the alignment of the sequences envelope gene of different isolates of 
bovine leukemia virus including Ukrainian isolates. Amplification of the internal control was carried out 
for the second stage to prevent false negative results. Results. Comparative studies of 48 blood samples 
for bovine leukemia virus identification by a proposed nested RT-PCR, nested PCR recommended by the 
protocol of the OIE, and RT-PCR were conducted. The sample panel included both positive and negative 
samples. A 100% match of the results of the bovine leukemia virus presence in nested PCR proposed by the 
OIE and in our proposed nested RT-PCR was obtained. Comparative analysis of results that were obtained 
using the RT-PCR and the proposed nested RT-PCR showed that false-negative results in 5 samples and 
3 doubtful results that require retesting were obtained by use of RT-PCR. The interpretation of the results 
using nested RT-PCR is more efficient than RT-PCR since the cycle threshold value of positive samples 
obtained using RT-PCR was in the range of 24–40 cycles, whereas in the case of nested RT-PCR using, the 
value of Ct was in the range of 4–20 cycles. Conclusions. Proposed nested PCR modification includes the 
combination of the OIE recommendation about nested PCR and the reduction of the risk of contamination 
by conducting the second stage in RT-PCR. Results of approbation of proposed nested RT-PCR give a 
reason to recommend it for the identification of bovine leukemia virus.
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Enzootic bovine leucosis (EBL) is a spread 
around the world disease of cattle caused by the 
bovine leukemia virus (BLV). Cattle may be 
infected at any age, including the embryonic stage. 
The virus causes a persistent, life-long infection in 
a subset of B-cells. Malignant tumors (lymphomas) 
ultimately develop in 2–5 % of infected animals 
predominantly in adult cattle older than 3–5 years 
[1–4]. Nowadays EBL is seen general biological 
importance because BLV is structurally and 
functionally related to other primate and human 
retroviruses (primate T-lymphotropic virus 1, 2 and 

3 (PTLV-1, -2, -3). Therefore BLV often is used as a 
model object for the study of molecular mechanisms 
of neoplasia induced by retroviruses [5–7].

EBL is notified by the World Organization for 
Animal Health (OIE) due to significant economic 
losses (the importation restrictions, forced slaughter 
of seropositive animals) [8]. EBL has been stably 
registered in Ukraine for many years but the data 
of infected animals’ amount are often controversial 
[9].

Considering EBL is an incurable disease, timely 
diagnosis and eradication of infected animals is 
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Table 1
Sequence of primers and probes 

No. Name of primers Sequence primers Reference

1
OBLV1A ctt tgt gtg cca agt ctc cca gat aсa

[10]
OBLV6A cca-aca-tat-agc-aca-gtc-tgg-gaa-ggc

2
OBLV3A ctg-taa-atg-gct-atc-cta-aga-tct-act-ggc

[10]
OBLV5A gac-aga-ggg-aac-cca-gtc-act-gtt-caa-ctg

3
BLV For ccc ctg atc acc ttt tct tta ca

Current studyBLV Rev agg gaa ccc agt cac tgt tca
BLV Probe FAM*-atc cct gat ccc cct caa ccc ga-BHQ1**

4
PRP For acg-tgg-gcc-tct-gca-aga

Current studyPRP Rev gac-tgc-cct-gct-ctg-ggt-atc
PRP Probe VIC***-cga cca aaa cct gga gga gga tgg a-BHQ1

Legend: *6-Carboxyfluorescein, **Black Hole QuencherTM dyes ***2’-chloro-7’-phenyl-1,4-dichloro-6-
carboxyfluorescein.

a key to disease control. Serological methods 
like agar gel immunodiffusion (AGID), enzyme-
linked immunosorbent assay (ELISA) and DNA-
based tests polymerase chain reaction (PCR), 
quantitative polymerase chain reaction (qPCR) 
should be used for EBL diagnosis according to OIE 
recommendation [10, 11]. There are also data on 
the effectiveness of biosensor-based method using 
[12]. 

Techniques based on DNA amplification 
methods allow direct detection of proviral DNA or 
viral RNA and they are “gold standard”. PCR is the 
primary method to detect the latent stage of EBL, 
to verify the doubtful results of serological tests, to 
identify infected calves up to 6 months and also to 
distinguish lymphoma viral etiology and neoplasms 
[13–18]. Nested PCR is recommended to use 
as more sensitive among other variants of PCR 
according to the OIE protocol for EBL diagnostic. 
However, the use of nested PCR requires maximal 
contamination prevention activities that are 
sometimes difficult to achieve in routine diagnostic 
laboratories with a large flow of samples. The most 
contamination endangered phase is the stage of gel 
electrophoresis of amplification products.

The aim of our work was to improve the 
nested PCR method recommended by the OIE by 
conducting it second-stage in real-time (RT) PCR. 
Such a modification does not require the stage 
of gel electrophoresis and consequently reduces 
contamination risks and prevents false positive 
results.

Materials and methods. Primers and Probes
For the first stage our modified nested PCR we 

used primers recommended by the OIE protocol 
[10]. For the second stage primers and probe 

were designed using the Primer Express (Applied 
Biosystems). To design primers we provided the 
alignment of sequences gene env of different BLV 
isolates which are presented in Gen-Bank including 
the sequences of BLV isolates from Ukraine (Gen-
Bank IDs: K02120, JF720357.2, AF399703.3, 
HE967301.1, D00647.1, EF065647.1 AF257515.1, 
EU266061.1, KR063246.1, KR063245.1, 
KX470607.1, KX470606.1, KX470605.1, 
KX470604.1, KX470603). PCR amplification of 
the gene prion protein (PRP) that is specific for 
cattle (internal control) was carried out for the 
second stage to prevent false negative results. 
The sequences and information of the primers are 
shown in the Table 1.

Sample
48 blood samples from BLV of infected cattle 

from two farms of Ukraine (Rivne and Kyiv 
regions) were used for approbation of proposed 
nested RT-PCR. Blood samples were collected 
from the jugular vein in vacutainer plastic tubes 
with ethylenediaminetetraacetic acid (EDTA).

DNA extraction
Total genomic DNA from blood samples was 

isolated using method described by R. Boom et al. 
[19].

Nested PCR 
Nested PCR was conducting with primers 1 and 

2 (see Table 1) according to OIE manual [10].
Nested RT-PCR
The reaction mixture for the first stage of am-

plification contained 10 x PCR buffer containing 
25 mM MgCl2 (Thermo Fisher Scientific), 0.2 mM 
each of the dNTPs (Thermo Fisher Scientific),  
0.5 μM each of the primers (primer 1, Table 1),  
0.2 U/μl of uracil-DNA glycosylase (Thermo Fish-
er Scientific) and U/μl Taq polymerase (Thermo 
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Fisher Scientific). The amount of DNA was 100–
150 ng. Final reaction volume was 25 μl. Thermal 
cycling conditions were 10 min at 50 °C, 5 min at 
94 °C, followed by 5 cycles of 30 s at 95 °C, 30 s at 
53 °C, 60 s at 72 °C, followed by 25 cycles of 30 s 
at 95 °C, 30 s at 58 °C, 60 s at 72 °C.

Second stage of amplification was performed 
by RT-PCR (СFX 96 BioRad, Germany). The 
reaction mixture for the second stage of ampli-
fication contained 10 x PCR buffer containing  
25 mM MgCl2 (Thermo Fisher Scientific, USA), 
0.2 mM each of the dNTPs (Thermo Fisher Sci-
entific, USA), 0.5 μM each of the primers and  
0.25 μM of probe (Metabion, Germany) for de-
tecting proviral DNA of BLV (primer 3, Table 1), 
0.5 μM each of the primers and 0.25 μM of probe 
(Metabion, Germany) for detecting the fragment 
of the PRP gene (primer 4, Table 1) and U/μl of 
Taq polymerase (Thermo Fisher Scientific, USA). 
The PCR product of the first amplification step was 
added in an amount of 5.0 μl. Final reaction volume 
was 25 μl. Thermal cycling conditions were 5 min 
at 94 °C, followed by 40 cycles of 30 s at 95 °C,  
30 s at 60 °C, 30 s at 72 °C.

RT-PCR
Amplification was performed by RT-PCR (СFX 

96 BioRad, Germany). The reaction mixture for 
amplification contained 10 x PCR buffer containing 
25 mM MgCl2 (Thermo Fisher Scientific, USA),  
0.2 mM each of the dNTPs (Thermo Fisher 
Scientific, USA), 0.1 μM each of the primers 
and 0.5 μM of probe (Metabion, Germany) for 
detecting proviral DNA of BLV (primer 3, Table 1),  
0.25 μM of each of the primers and 0.25 μM of 
probe (Metabion, Germany) for detecting the 
fragment of the PRP gene (primer 4, Table 1) and 

U/μl of Taq polymerase (Thermo Fisher Scientific, 
USA). The PCR product of the first amplification 
step was introduced in an amount of 5.0 μl. Final 
reaction volume was 25 μl. Thermal cycling 
conditions were 5 min at 94 °C, followed by  
45 cycles of 30 s at 95 °C, 30 s at 60 °C, 30 s at 
72 °C.

ELISA
Antibody detection by ELISA using the «Bovine 

Leukemia Virus Antibody Test Kit» (VMRD Inc., 
USA) was performed.

Statistical methods in the study were not used.

Results. Selecting the optimal primers con-
centration for the second stage of the nested RT-
PCR. Considering that for the second stage of the 
proposed nested RT-PCR the detection for internal 
control was used, we determine the optimal 
proportion of primers concentration for target and 
internal control. This study is important because the 
target amplification will be higher than the internal 
control because it’s been accumulated during the 
first stage of amplification [20]. The results were 
estimated by the value of the cycle threshold and 
the level of fluorescence (Table 2).

As can be seen in Table 2, at a primer’s con-
centration of 10 pM for the detection of target and  
2.5 pM for the detection of internal control, no 
amplification of the internal control was observed. 
With the concentration primers of 10 pM for the 
target and 10 pM for the internal control, there was 
a low level of reference fluorescence of the latter 
(200 vs. 1200 in the target). At concentration prim-
ers of 2.5 pM for target and for internal control, a 
low level of relative fluorescence for both targets 
was observed. Therefore, as a result of the study, 

Table 2 
Value of the cycle threshold and the level of fluorescence 
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Legend: *Ct – cycle threshold, **RFU – reference fluorescence unit,***FAM – detection channel bovine leukemia 
virus, **** VIC – detection channel internal control.
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we recommend a concentration of 5 pM for both 
targets, which gives a satisfying value to both the 
threshold cycle Ct and the level of reference fluo-
rescence. 

Investigation of the proposed nested RT-PCR 
compared with nested PCR and RT-PCR

For better understanding the appropriateness 
and effectiveness of the proposed nested RT-PCR 
we conducted comparative studies of 48 blood 
samples by different variants of PCR. Samples 
were collected in different farms and tested by 
ELISA. The sample panel included both positive 
and negative samples. 20 (41.7 %) samples were 
negative in all variants of PCR. 28 samples were 
diverging, the results of them are shown in Table 3.

As we can see from Table 3, we obtained a 
100 % match of the BLV presence by nested PCR 
proposed by OIE and by our proposed nested PCR 
with conducting the second stage in RT-PCR. 
Nevertheless, our nested PCR modification method 
is more convenient in routine diagnostics because 
it does not require the gel electrophoresis stage. 
Besides that, the detection of an internal control 
gene allows to control the quality and quantity of 
DNA extraction.

Comparing the results of the RT-PCR and the 
proposed nested RT-PCR showed us that the use 
of RT-PCR resulted in 5 false negative samples 
and 3 doubtful samples that required retesting. In 
addition, attention should be paid to the difference 

Table 3 
The results of BLV identification in blood samples of cattle by using different PCR 

technologies

Number of
samples

ELISA 
results 

Nested PCR 
proposed OIE*

Proposed Nested
RT-PCR**

Real-time
PCR***

Results Ct FAM**** Results Ct FAM

1 – – – – + 39,1
2 + + + 6,2 + 29
3 + + + 9.6 + 31.8
4 + + + 19.2 – –
5 + + + 7.0 + 28.2
6 + + + 8.6 + 30.7
7 + + + 10.7 + 32.0
8 + + + 13.3 + 37.7
9 + + + 16.0 – –
10 + – – – – –
11 + + + 8.9 – –
12 – – – – + 37.9
13 + + + 10.4 – 36.7
14 + + + 9.8 – 36.9
15 + + + 5.8 – 35.9
16 + + + 6.3 – 29
17 + + + 4.9 + 25
18 + + + 16.67 – –
19 + + + 4.77 + 26.1
20 + + + – –
21 – – – – + 39.7
22 + + + 19.7 – –
23 + + + 5.3 + 25.1
24 + + + 20.1 – –
25 + + + 14.8 – 35.3
26 + + + 10.1 – 32.7
27 + – – – – –
28 + + + 8.7 39 39.25

Legend: * primers 1, 2 were used; ** primers 1, 3, 4 were used; *** primers 3  were used (see Table 1); ****Cycle 
threshold. 
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in the values of the Ct cycle of positive samples 
obtained using the above methods. The Ct value 
of positive samples obtained using RT-PCR was in 
the range of 24–40 cycles, whereas in the case of 

nested RT-PCR, the value of Ct was in the range 
of 4–20 cycles. Therefore, the interpretation of the 
study results using nested RT-PCR is more efficient 
than RT-PCR (Fig.1).

F i g 1. Amplification curves of bovine leukemia virus identification: A) Real-time PCR;  
B) Nested RT-PCR

A

B

   The interpretation of the results with high 
values of the Ct often gives some trouble since after 
35 cycles the risk of a non-specific amplification 
product that can cause the false positive results 
increases. On the other hand, 35 cycles of 
amplification may give not sufficient sensitivity of 
PCR for BLV identification, because the disease is 
often characterized by an aleukemic form, when 
persistent lymphocytosis is not typical, and there 
are not many infected blood cells in such animals. 
For this reason, the use of nested PCR as more 
sensitive is recommended.

Discussion. In the last years topicality of the 
BLV is increasing in view of new information 
related to human breast cancer [21]. It leads to new 
research in this area and the development of new 
methods of BLV identification in cattle to eradicate 
infected animals [17, 18, 22–26]. 

PCR using for the diagnostic of bovine leuke-
mia in Ukraine is debatable. To some extent, an ex-
planation for this may be a conservative persuasion 
about the superiority of serological methods. How-
ever, in our opinion, the lack of experience of PCR 
using in the diagnostic system of veterinary medi-
cine laboratories it also plays a great role. There are 
economic and methodological reasons for this. The 
equipment and consumables for PCR laboratories 
are expensive, also in Ukraine sometimes there is 
an incomplete understanding of the role of PCR in 
the diagnostic and eradication of enzootic bovine 
leukemia.

According to the OIE guidelines, PCR is an 
arbitration method in doubtful cases. It is also the 
main method of detecting infected animals before 
moving because it detects infected animals at a la-
tent stage when serological methods are uninfor-
mative [10, 11]. Therefore, according to the OIE’s 
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recommendations, the latest edition of “Instructions 
for the prevention and eradication of cattle from 
bovine leukemia” in Ukraine include PCR as one 
of method that can be used for the EBL diagnostic 
[27].

In our study we improve the nested PCR for 
BLV identification in cattle that is recommended 
by OIE by conducting a second stage in RT-PCR. 
We used primers recommended by OIE as exter-
nal primers set [10], we designed internal primers 
by using the Primer Express. In addition, for the 
second stage of the proposed nested RT-PCR we 
designed primers for the identification of a specific 
prion gene for cattle (internal control) that allows 
controlling the process of DNA extraction in each 
sample. Given that we used multiplex format PCR 
for the second stage of nested RT-PCR, it was deter-
mined the optimal proportion of primers concentra-
tion for target and internal control. It was important 
because in the multiplex analysis in one tube takes 
place an amplification of two or more independent 
systems that compete for the components of the re-
action, and the inhibition of one of them can occur 
at different efficiency of their amplification [20].

The main purpose of our study was to com-
pare the sensitivity of the proposed modification 
of nested PCR with the nested PCR recommended 
by the OIE. It was important because the primers 
and probes for the second stage of proposed PCR 
were developed by us. The other validation param-
eters of these primers were reported in our previous 
work [28]. 

Negative control was used in all variants of 
PCR to prevent false positive results. In addition, 
we recommend to use uracil-DNA glycosylase for 
the first stage of nested RT-PCR as one more way 
to prevent contamination. 

As we can see from the study, all the results 
obtained with the proposed modification of PCR 
coincided with the PCR recommended by the OIE. 
Further, we compared both nested PCR with RT-
PCR using primers that we designed for the second 
stage of proposed nested RT-PCR. Using RT-PCR 
for identification of BLV in blood samples we got 
both false positive and false negative results. In ad-
dition, the interpretation of the results of the nest-
ed RT-PCR is more convenient because positive 
samples have significantly smaller values of cycle 

threshold. The difference between the Ct values is 
related to the number of PCR cycles. In RT-PCR 45 
cycles are used while in the nested RT-PCR prod-
ucts of amplification accumulate for 30 cycles in 
the first stage and 40 cycles in the second stage. 
Since the value of the Ct is inversely proportional 
to the amount of target nucleic acid in the sample, 
using nested RT-PCR gives an accumulation of am-
plicons faster than in RT-PCR that impact on lower 
Ct values. We suppose that it is important for the 
identification of BLV in animals with a small num-
ber of infected lymphocytes. There is possibly that 
conducting of 45 cycles of RT-PCR amplification 
in such animals can lead to false negative study re-
sults. The use of more than 45 cycles of amplifica-
tion in PCR generally is not recommended because 
it is a risk of non-specific amplification products, 
which can be considered as false positive results 
and that had shown in our research. However, it 
should be noted that in the work of Rola-Luszczak 
et al. developed RT-PCR with 50 cycles had high 
sensitivity [29].

It is interesting that two positive samples in 
ELISA were not confirmed by any of the PCR 
variants. The discrepancy between the results of 
serological and molecular genetic studies for the 
diagnosis of bovine leukemia is a very common 
and debatable issue and in some studies may 
reach 30 % [29, 30]. Moreover, the discrepancy is 
determined often even using different ELISA kits 
and different sets primers for PCR [31–34]. 

Therefore, the results of our proposed nested 
RT-PCR approbation give a reason to recommend 
it for the identification of BLV. The advantages of 
this PCR modification include the combination 
of the OIE’s recommendation about nested PCR 
and the reduction of the risk of contamination by 
conducting the second stage in RT-PCR.

Conclusions. Proposed nested PCR modi-
fication includes the combination of the World 
Organization for Animal Health recommendation 
about nested PCR and the reduction of the risk 
of contamination by conducting the second stage 
in RT-PCR. Results of approbation of proposed 
nested RT-PCR give a reason to recommend 
it for the identification of bovine leukemia  
virus.
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УДОСКОНАЛЕННЯ ГНІЗДОВОЇ ПЛР 
ДЛЯ ДЕТЕКЦІЇ ВІРУСУ ЛЕЙКОЗУ 
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Ре зюме
Згідно з протоколом Всесвітньої організації 

охорони здоров’я тварин для діагностики лейко-
зу великої рогатої худоби методом полімеразної 
ланцюгової реакції необхідно застосовувати її 
гніздовий формат як найбільш чутливий. Однак 
висока чутливість одночасно є і її недоліком через 
високий ризик контамінації продуктами ампліфі-
кації та, як наслідок – отримання псевдопозитив-
них результатів. Найбільш небезпечним етапом з 
огляду на контамінацію є електрофорез продук-
тів ампліфікації в агарозному гелі. Мета. Метою 
роботи було удосконалити гніздовий формат по-
лімеразної ланцюгової реакції, який рекоменду-
ється протоколом Всесвітньої організації охорони 
здоров’я, шляхом проведення другої стадії мето-
дом полімеразної ланцюгової реакції в реальному 
часі, що дозволить зменшити ризик контамінації, 
оскільки не буде потреби у проведенні електро-
форезу в агарозному гелі для інтерпретації резуль-
татів. Методи. Для першої стадії запропонованої 
модифікації полімеразної ланцюгової реакції було 
використано нуклеотидну послідовність прай-
мерів, рекомендованих протоколом Всесвітньої 
організації охорони здоров’я тварин. Для другої 
стадії полімеразної ланцюгової реакції проведено 
дизайн праймерів та флуоресцентного зонду на 
основі аналізу нуклеотидних послідовностей ді-
лянки оболонкового гену відомих ізолятів вірусу 
лейкозу, включаючи українські ізоляти. Крім того, 
для другої стадії було проведено дизайн праймерів 
для ідентифікації гену, специфічного для великої 
рогатої худоби, що дозволяє контролювати процес 
екстракції нуклеїнової кислоти у кожному зразку. 
Результати. Досліджено різне співвідношення 
концентрації праймерів для цільової мішені та 
внутрішнього контролю та встановлено, що мак-

симальна ефективність обох мішеней досягається 
за концентрації 5 рМ для вірусу лейкозу та 5 рМ 
для внутрішнього контролю. Проведено порів-
няльні дослідження 48 зразків крові щодо наяв-
ності вірусу лейкозу за допомогою запропонованої 
модифікації гніздової полімеразної ланцюгової ре-
акції, гніздової полімеразної ланцюгової реакції, 
рекомендованої протоколом Всесвітньої організа-
ції охорони здоров’я тварин та полімеразної лан-
цюгової реакції в реальному часі з використанням 
праймерів, які використані для другої стадії запро-
понованої модифікації двостадійної полімеразної 
ланцюгової реакції. Панель зразків включала як 
позитивні, так і негативні зразки. Отримано 100 %  
співпадіння результатів щодо наявності вірусу 
лейкозу з використанням запропонованої моди-
фікації гніздової полімеразної ланцюгової реакції 
та гніздової полімеразної ланцюгової реакції, ре-
комендованої протоколом Всесвітньої організації 
охорони здоров’я тварин. Порівнюючи результати, 
отримані за допомогою полімеразної ланцюгової 
реакції в реальному часі та запропонованої моди-
фікації гніздової полімеразної ланцюгової реакції, 
встановлено, що при використанні полімеразної 
ланцюгової реакції в реальному часі було отрима-
но 5 хибнонегативних результатів дослідження і  
3 сумнівних результати, які потребують повторно-
го дослідження. Характерною є різниця у значен-
нях граничного циклу Ct позитивних зразків. Так, 
при використанні полімеразної ланцюгової реакції 
в реальному часі значення Ct було у межах 24– 
40 циклів, а за використання запропонованої гніз-
дової полімеразної ланцюгової реакції – у межах 
4–20 циклів, що значно полегшує інтерпретацію 
результатів дослідження. Висновки. Запропонова-
на нами модифікація гніздової полімеразної лан-
цюгової реакції поєднує в собі рекомендації Всес-
вітньої організації охорони здоров’я тварин щодо 
ідентифікації вірусу лейкозу за допомогою гніздо-
вої полімеразної ланцюгової реакції та зменшення 
ризику контамінації за рахунок проведення другої 
стадії в режимі реального часу, що є зручнішим 
у рутинній діагностиці. Крім того, ампліфікація 
гену, специфічного для великої рогатої худоби у 
запропонованій модифікації, дозволяє контролю-
вати якість та кількість екстракції нуклеїнової 
кислоти та попереджати хибнонегативні резуль-
тати дослідження.

Ключові слова: вірус лейкозу великої рогатої 
худоби, гніздова ПЛР, ПЛР в реальному часі.
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