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MONITORING OF BOVINE LEUKEMIA VIRUS IN KAZAKHSTAN:
ANALYSIS OF SEROLOGICAL
AND MOLECULAR DIAGNOSTIC METHODS

Bovine leukemia virus (BLV) poses a significant threat to livestock farming in Kazakhstan. This
study presents a comprehensive analysis of the prevalence of BLV based on data from 2024, obtained
using serological and molecular diagnostic methods. The sensitivity and specificity of agar gel im-
munodiffusion (AGID), enzyme-linked immunosorbent assay (ELISA), and real-time polymerase chain
reaction (RT-PCR) were evaluated. Serological methods demonstrated a high seroprevalence of BLV
among animals, with ELISA showing greater sensitivity compared to AGID, confirmed by statistically
significant results (p < 0.05). RT-PCR identified fewer active infections, indicating the latent nature
of the disease in many infected animals. The correlation coefficient between AGID and RT-PCR was
0.791 (p = 0.011), indicating a high degree of concordance between these methods. However, the
correlation between ELISA and RT-PCR was weaker (r = 0.461, p = 0.212), highlighting the differ-
ence in the diagnostic nature of these tests. The data emphasize the need for a comprehensive ap-
proach for a more accurate assessment of the epizootic situation and epidemiological control of BLV
in Kazakhstan.

Key words: bovine leukemia virus, serological methods, RT-PCR, monitoring, Kazakhstan.
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KasakcraHaafbl ipi Kapa MaA AeiMKO3 BUPYCbIHbIH, MOHUTOPMHII:
CEPOAOTUSIAbIK, )KOHE MOAEKYAAAbIK AMArHOCTUKA DAICTEPiHIH TaAAQYbI

IKMAB KaszakcTtaHAaFbl MaA LWAPYaLLbIAbIFbl YLILIH eAeyAi Kayin TeHAIpeai. 2KymbicTa 2024 XbIAFbI
CEePOAOTMSABIK, >KOHE MOAEKYAAABIK, AMArHOCTMKA ©AICTEPIH KOAAAHY apKbIAbl aAblHFaH AepekTep
HeriziHae IKMAB TapaaybliHbIH, KeweHAi Taaaaybl YebiHbiAFaH. MAP, UDT xeHe HTIP aaicTepiHin,
ce3iMTaAAbIFbl MeH epekLieAiri 6araraHAbl. Cepoaormnsaabik aaictep IKMAB-HbIH »kaHyapAap apacbiHAQ
>KOFapbl ceporpeaeHLMsICbiH kepceTTi, coHbiMeH KaTap MMDT MAP-MeH caAbiCTbIpFaHAQ >KOFapbl
Ce3IMTaAABIKTbl KOPCETTi, YA CTAaTUCTUKAABIK, MaHbI3AbI HOTM>KEeAepMeH pacTaaabl (p < 0.05). HTTP
6eAceHA] MHPEKLMSIAAPABIH a3 MOALLEPIH aHbIKTaAbl, OYA KOMTereH >KyKTbipFaH >kaHyapAapAa aypyAblH
>KacblpblH cunatbiH KepceTeai. MAP men HTTIP apacbiHAarbl koppeasiumsa KoadduumenTi 0.791 (p
= 0.011) 60AAbl, BYA BAICTEp apacbiHAAFbl XKOFapbl KEAICIMAIAIKTI kepceteai. Aaariaa MDT meH
HTIP apacbiHaafbl KOppeAsiLms dACi3Aey 60AbIN WbIKTbl ( = 0.461, p = 0.212), 6YA OCbl TECTTEPAIH
AMArHOCTUKAAbIK, TabWFaTbiHbIH aibIPMALLbIAbIFbIH KepceTeai. AAblHFaH aepekTep KasakcraHAafbl
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IKMAB 3M1300TUSABIK, XKaFAaiiblH XXOHE 3MUAEMMOAOTMSIAbIK, 6aKbIAQyAbl HEFYPAbIM ABA Garanay yLIiH
KeleHAl TOCIAAI KOAAAHY KQXKETTIAITIH aTan KepceTeAl.

TyiiH ce3aep: ipi Kapa MaAAblIH A€MKO3bl, BUPYC, CEPOAOTUSAbIK, daicTep, HTIP, MoHUTOpUHT,
Ka3sakcTaH.
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MoHUTOpPHHI BUpYCa AelKOo3a KPYINHOro poratoro ckota B Kazaxcraxe:
AHAAU3 CePOAOTMUYECKMX U MOAEKYASIPHbIX METOAOB AMArHOCTUKM

Bupyc aeikosa kpynHoro poraTtoro ckota BAKPC npeacTaBAsieT cepbé3Hylo yrpo3y AAS >KMBOT-
HoBOACTBa B KasaxcrtaHe. B pa6oTe npeACTaBAEH KOMIMAEKCHbINA aHaAM3 pacrnpoctpaHéHHoctu BAKPC
Ha OCHOBE A@HHbIX 32 2024 roa, MOAYYEHHbIX C MCMOAb30BAaHMEM CEPOAOIMYECKMX M MOAEKYASPHbIX
METOAOB AMarHOCTUKM. OUEHUBAAUCb YYBCTBUTEALHOCTb M crielndnyHoCcTb MeTopoB PUA, MDA 1
[MLP PB. Cepoaormueckme MeTOAbl MPOAEMOHCTPMPOBAAM BbICOKYIO ceporpeBaAeHTHOCTb BAKPC
cpeAm XMBOTHbIX, Npu 3ToM MDA nokasaa 60AbLIYIO YyBCTBUTEABHOCTb MO CpaBHeHUIO ¢ PUA, uTto
NMOATBEPXKAEHO CTaTUCTUYECKN 3HAUMMbIMK pe3yAbTaTamu (p < 0.05). ILIP PB BbigBMAa MeHbLLee KO-
AMYECTBO AKTMBHbIX MH(DEKLIMIA, YTO CBUAETEALCTBYET O AQTEHTHOM XapakTepe 3a60AeBaHUS Y MHOTUX
MHUUMPOBAHHbIX XWBOTHbIX. KoadpdmumeHT Koppeadummn mexay PUA w TLP PB coctaBua 0.791
(p = 0.011), UTO CBMAETEABCTBYET O BbICOKOW CTEMEHW COrAQCOBAHHOCTWU MEXAY 3TUMM METOAAMM.
OaHako koppeasumna mexxay MDA n MNUP PB okasanach caabee (r = 0.461, p = 0.212), uTo noa-
UEpPKMBAET pa3AnuUMe B AMArHOCTUUYECKON NMPUPOAE 3TUX TeCTOB. [1OAyUYEHHbIe AaHHbIE MOAYEPKMBAIOT
HEOOXOAMMOCTb UCMOAb30BaHMS KOMIAEKCHOIO MOAXOAA AAS GOAEE TOUHOM OLIEHKM 3MU300TUYECKOI

CUTYyaLMK 1 aNMAEMUoAOrMyeckoro KoHTpoAs BAKPC B KazaxcraHe.
KAroueBble cAOBa: AeiiKO3 KPYMHOrO poratoro CKoTa, BUPYC, cepoAornyeckme metoabl, MNLIP, mo-

HUTOPWHT, Ka3axcTaH.

Abbreviations and Symbols

BLV - bovine leukemia virus; AGID -
agar gel immunodiffusion; ELISA — enzyme-
linked immunosorbent assay; RT-PCR - real-
time polymerase chain reaction; OIE — World
Organisation for Animal Health (WOAH)

Introduction

Bovine leukemia virus (BLV) represents a
significant problem for dairy and beef cattle farming
in many countries worldwide, including Kazakhstan.
This virus, belonging to the genus Deltaretrovirus
of the Retroviridae family, affects lymphocytes
and causes chronic infection, which can lead to
persistent lymphocytosis and the development
of lymphosarcomas. Economic losses associated
with BLV can be significant, as infected animals
often experience reduced productivity and require
additional veterinary care. Approximately 30% of
infected animals develop persistent lymphocytosis,
while less than 5% develop lymphosarcomas,

reducing both the quality and quantity of cattle
production [1, 2].

Various diagnostic methods for BLV are used
globally, including both serological and molecular
approaches. The World Organisation for Animal
Health (WOAH) recommends AGID as the primary
screening test for detecting antibodies against BLV.
This method is widely used due to its simplicity
and accessibility in resource-limited settings [4, 5].
However, several studies have shown that ELISA is
more sensitive than AGID, making it the preferred
method in countries with a high level of infection,
such as Canada and Japan [6, 7].

Molecular diagnostic methods, such as real-time
polymerase chain reaction (RT-PCR), play a key
role in confirming active viral infection. RT-PCR
detects proviral DNA, which is especially important
for identifying latent forms of the virus that may
not always be detected by serological methods [8,
9]. Studies in Brazil and Argentina have shown that
the combination of ELISA and RT-PCR is the most
effective approach for accurately identifying both
carriers and active forms of infection [10, 11].
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One important aspect of BLV diagnosis is
the assessment of different stages of the disease.
For example, studies in the USA have shown that
serological methods are better suited for mass
screening, while RT-PCR is recommended for
confirming active infection and monitoring viral
load [12, 13]. In countries with a high level of BLV
infection, such as Japan and Canada, the use of
comprehensive diagnostic methods, including RT-
PCR, has significantly improved the detection of
infected animals and reduced the level of infection
among herds [14-17].

Evaluations of BLV diagnostic methods in
developing countries have shown that serological
methods are preferred due to their availability
and sensitivity. However, to improve diagnostic
accuracy, molecular genetic studies should also be
conducted to detect active infections that may not be
detected by serological tests [18-21].

In Kazakhstan, BLV was first registered in
1966, and since then, its prevalence has increased
significantly. Particularly high levels of infection
are observed in regions with intensive dairy farming.
For example, in some areas, the level of infection
reaches 40%, necessitating enhanced monitoring
and the development of preventive measures [22].
In Kazakhstan, serological methods such as AGID
and ELISA are used for mass screening, as well as
RT-PCR for confirming active infections.

The aim of this study is to assess the prevalence
of BLV in different regions of Kazakhstan using
a comprehensive diagnostic approach. AGID and
ELISA were used to detect antibodies to BLV, and
RT-PCR was used to confirm active infection. The
results will help clarify the epizootic situation in
the country and suggest more effective control and
prevention measures for BLV.

Materials and Methods

Samples of serum and whole blood from cattle
in 17 regions of Kazakhstan were used as study
materials. A total of 3,736 serum samples and 536
whole blood samples were collected from cattle of
various age categories (from 1 to 10 years old).

Blood was collected from the jugular vein of
animals using vacuum blood collection systems.
Blood samples were collected from 52 districts and
141 rural districts of Kazakhstan. Serum and whole
blood samples were transported to the laboratory for
serological and molecular analysis following cold
chain protocols.

The AGID method was used to detect antibodies
to the surface protein gp51 of BLV. The commercial
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diagnostic kit IDVET BLV (France) was used in
the study. The principle of the method is based
on the diffusion of the antigen (gp51) and specific
antibodies in agar gel, where a precipitate forms at
the site of their interaction, indicating the presence
of antibodies in the blood serum.

ELISA for the detection of BLV surface
protein was performed using the ID Screen® BLV
Competition kit (France). The principle of the
method is based on a competitive reaction between
the antibodies in the blood serum sample and labeled
antibodies specific to the gp51 protein. The result
was evaluated by changes in optical density read at
450 nm on a spectrophotometer.

For the detection of active viral infection,
real-time PCR (RT-PCR) was used to detect
BLYV proviral DNA in whole blood samples. The
QuantiTect Multiplex PCR NoROX Kit (Qiagen,
Germany) was used for the amplification of target
DNA segments. Proviral DNA was isolated
using the Qiagen DNeasy Blood & Tissue Kit
(Germany). Primers and probes used for proviral
DNA amplification were: MRF (forward)
5’-CCTCAATTCCCTTTAAACTA-3, MRR
(reverse)5’-GTACCGGGAAGACTGGATTA-3’;
Probe MRBLV (2340-2360) 6FAM-
GAACGCCTCCAGGCCCTTCA-BHQI.
Amplification was performed under the following
conditions: polymerase activation at 96°C for
10 minutes, 37 amplification cycles with steps:
denaturation at 94°C (45 seconds), annealing
at 58°C (1 minute), elongation at 72°C (1
minute); hold at 72°C for 7 minutes to complete
amplification.

Data analysis was performed using one-way
analysis of variance (ANOVA) to compare the
sensitivity of the AGID and ELISA methods. Pearson’s
correlation analysis was used to assess the degree of
correlation between serological test results and RT-
PCR results. Statistical significance of differences was
considered reliable at a level of p < 0.05.

For classical nested PCR aimed at amplifying
specific regions of the env gene encoding gp51,
the following primers were used: env 5032 and
env 5608 for amplifying a 600 bp fragment; env
5099 and env 5521 for a 444 bp product. The
thermal cycling regime for nested PCR: polymerase
activation at 94°C for 2 minutes, then 39 cycles—
95°C (30 seconds), 62°C (30 seconds), 72°C (60
seconds), followed by a final elongation at 72°C
for 4 minutes. Detection of the 444 bp env gene
fragment was carried out in a 15% agarose gel in the
presence of ethidium bromide.

Serological and molecular test results were



R.K. Nissanova et al.

analyzed to evaluate seropositivity and detect active
viral infection in various regions of Kazakhstan.
Comparison of AGID, ELISA, RT-PCR, and nested
PCR results allowed for the identification of the
most sensitive diagnostic methods and assessment
of the epidemiological situation across regions.

Results and Discussion

As a result of monitoring studies conducted in
2024, biological material samples from cattle in 17
regions of the country were collected and tested for
BLYV (Table 1).

Table 1 — Number of collected cattle blood samples in Kazakhstan regions for BLV testing in 2024

Tested:
Ne Region Serum/ Whole - L Epizootic Units
Blood Districts Rural Districts P
(Farms)
1 Abai 27/26 1 2
2 Akmola 171/17 5 7 7
3 Aktobe 89/23 2 5
4 Almaty 309/110 3 11 11
5 Atyrau 47/0 2 4 4
6 East Kazakhstan 135/27 3 5
7 Zhambyl 235/60 3 6 6
8 Zhetysu 465/130 5 13 13
9 West Kazakhstan 260/0 4 9 10
10 Karaganda 235/24 4 8 8
11 Kostanay 276/0 5 16 16
12 Kyzylorda 251/26 2 13 13
13 Mangystau 88/0 1 3 3
14 Pavlodar 225/45 3 4 4
15 North Kazakhstan 430/0 4 15 16
16 Turkestan 272/26 3 16 16
17 Ulytau 221/22 2 4 5
Total 3736/536 52 141 144

Table 1 demonstrates the regional distribution
of cattle blood samples collected in Kazakhstan for
BLYV testing in 2024. It shows how many serum
and whole blood samples were collected in each
region, broken down by districts, rural districts, and
farms. In some regions, such as Atyrau and West
Kazakhstan, only serum samples were analyzed.
The total coverage included 3,736 serum samples
and 536 whole blood samples.

The results of serological and molecular-genetic
studies are presented in Table 2.

Table 2 presents the results of BLV testing in
Kazakhstan in 2024 using AGID, ELISA, and RT-
PCR methods. According to the data obtained, the

seroprevalence of BLV by AGID was 82%, while
by ELISA, it was 173%. Of the 536 samples tested
using RT-PCR, 25 positive samples were detected
in three regions of the country, indicating the
prevalence of active viral infection among the tested
animals.

One-way analysis of variance (ANOVA)
was conducted to compare the morbidity rates
detected by AGID and ELISA methods, showing
no statistically significant differences between the
morbidity rates obtained by these methods (p =
0.9217). This indicates no substantial differences in
the effectiveness of AGID and ELISA in detecting
positive BLV cases.
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Table 2 — BLV testing results for 2024

_ > & 2. > z 2. > z
2 < S < E <| 2= = g mgx |8 S 5 £

1 Akmola Cattle 171 0 0 171 0 0 17 0
2 Almaty Cattle 309 32 10,3 309 38 12,2 110 3
3 Zhetysu Cattle 465 0 0 70 0 0 130 0
4 Atyrau Cattle 47 6,3 47 3 6,3 0 0
5 East Kazakhstan Cattle 135 12 8,8 135 20 14,8 27 15
6 Abai Cattle 27 6 22,2 27 6 22,2 26 5
7 Zhambyl Cattle 235 3 1,2 92 3 32 60 0
8 Kostanay Cattle 276 19 6,8 19 19 n/a 0 0
9 Aktobe Cattle 89 1 1,1 1 1 n/a 23 0
10 West Kazakhstan Cattle 260 34 260 9 34 0 0
11 Karaganda Cattle 235 2 0,8 2 2 n/a 24 2
12 Ulytau Cattle 221 1,3 3 3 n/a 22 0
13 Kyzylorda Cattle 251 28 11,1 28 28 n/a 26 0
14 Mangystau Cattle 88 2 2,2 2 2 n/a 0 0
15 Pavlodar Cattle 225 0 0 92 0 0 45 0
16 North Kazakhstan Cattle 430 176 40,9 430 176 40,9 0 0
17 Turkestan Cattle 272 11 4 107 0 0 26 0
Total 3736 307 8,2 1795 310 17,3 536 25

Note: n/a— not applicable for seroprevalence interpretation, as a confirmatory ELISA test was conducted on AGID-positive samples.

Correlation analysis was conducted to assess
the relationship between RT-PCR results and
those obtained by other diagnostic methods (AGID
and ELISA). The Pearson correlation coefficient
between RT-PCR and AGID results was 0.791,
with a p-value of 0.011, indicating a significant
positive correlation between these two methods.
This suggests that regions with positive AGID
results often also show positive RT-PCR results,
and this relationship is statistically significant. On
the other hand, the correlation between RT-PCR and
ELISA results was much weaker, with a correlation
coefficient of 0.461 and a p-value of 0.212. This
indicates lower agreement between these methods,
and this relationship is not statistically significant.

This weak correlation between RT-PCR and
ELISA results suggests that the methods may be
detecting different stages or aspects of the infection.
The lack of statistical significance (p = 0.212) implies
that the differences in results between the two
methods could be random or related to differences
in the sensitivity of the methods to certain stages
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of the disease. RT-PCR and ELISA are designed to
detect different aspects of the infection: RT-PCR
detects the viral genetic material, indicating active
infection, whereas ELISA detects antibodies that may
be present both in current and past infections. The
weak correlation between these methods reflects their
differing diagnostic nature. Based on the analysis, we
can conclude that using both ELISA and RT-PCR for
more comprehensive BLV diagnosis is advisable, as
it allows for more accurate determination of disease
stages and helps avoid false-negative results.

Thus, the obtained results highlight the necessity
of integrating various diagnostic methods to improve
the accuracy of infection detection, as each method
can provide unique information about the animal’s
health status.

RT-PCR results for BLV in Kazakhstan confirm
that active viral infection is detected much less
frequently than serological markers of infection.
This indicates that many infected animals may be in
the latent phase of the disease. The RT-PCR results
confirming active infection are shown in Figure 1.
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Figure 1 — RT-PCR results for the detection of BLV proviral DNA
in East Kazakhstan, Abai, and Karaganda regions
The figure shows amplification curves some animals, requiring more amplification cycles

indicating the increase in fluorescence as the
number of cycles increases, demonstrating the
presence of BLV proviral DNA in the samples.
The curve crossing the threshold at earlier cycles
indicates a higher concentration of viral material
in the sample, reflecting active viral replication
or its presence in significant amounts. Curves
crossing the threshold at later cycles show lower
viral concentrations, which could be due to the
virus being present in very low concentrations in

M H- K+

for detection [23].

Analysis of 25 positive samples from RT-PCR
results in East Kazakhstan, Abai, Karaganda, and
Almaty regions using nested PCR revealed low
sensitivity of this method (only 3 positive samples
out of 25). However, the method, which allows
for reamplification of the env gene fragment, is
recognized as highly specific [24], according to the
WOAH Manual of Diagnostic Tests and Vaccines
[25] (Figure 2).

af22  14f/6  23/9

Note: M — molecular weight marker, 1 kilobase; “K-"— negative control; “K+ " — positive control;
“4/22” — sample with Ct 29.03 from East Kazakhstan Region, Shemonaikha District, Vavilon village,
Kamyshenskoye; “14/6” — sample with Ct 27.11 from East Kazakhstan Region, Shemonaikha District,
Vavilon village, Kamyshenskoye,; “23/9” — sample with Ct 28.36 from East Kazakhstan Region,
Ulan District, Tokhtarov village, K/H Ukrainka.

Figure 2 — Results of nested PCR with RT-PCR positive samples for BLV
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The figure illustrates the result of classical
nested PCR with RT-PCR positive samples for
BLV. The gel displays amplified DNA fragments
encoding the gp51 envelope protein responsible for
viral entry into the cell. The size of the amplified
region is 444 base pairs, corresponding to a specific
fragment of the BLV env gene. Samples from the
East Kazakhstan region show successful detection of
specific fragments, confirming the presence of viral
infection. This result underscores the importance
of nested PCR as a highly specific method for
diagnosing active viral infection and provides a key
segment for genetic analysis and identification of
various viral genotypes.

Conclusion

The study confirmed the significant prevalence
of BLV in Kazakhstan, highlighting the need for
a comprehensive assessment of the epizootic
situation. Particular attention was given to the
comparative analysis of the sensitivity of diagnostic
methods, including serological tests and molecular
methods.

The sensitivity analysis showed that ELISA
is a more sensitive method compared to AGID, as
evidenced by statistically significant differences
(p < 0.05) between the results of these tests in
several regions, such as East Kazakhstan and
Almaty regions. One-way analysis of variance
(ANOVA) indicated no significant differences
between AGID and ELISA in other regions (p =
0.9217), demonstrating their equal effectiveness.
Nevertheless, RT-PCR, aimed at detecting active

viral infection, demonstrated higher specificity (p
< 0.01), confirming its applicability for detecting
latent forms of infection.

Correlation analysis revealed a high degree of
concordance between RT-PCR and AGID results
(r = 0.791, p = 0.011), suggesting that RT-PCR
accurately detects active forms of infection in
animals that test seropositive by AGID. Meanwhile,
the correlation between RT-PCR and ELISA was
significantly weaker (r=0.461, p=0.212), indicating
diagnostic differences between these methods for
determining the stage of the disease.

Therefore, the comprehensive use of serological
and molecular methods allows for a more complete
picture of the prevalence of both active and latent
BLYV infections. The data emphasize the need for
further research on the sensitivity and specificity
of diagnostic tests to optimize monitoring
programs and ensure an accurate assessment of the
epidemiological situation at the regional level.
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