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The article presents the results of a comprehensive molecular diagnostic study aimed at detecting
infection with the brucellosis pathogen Brucella abortus in cattle from Aisary village, Kostanay District,
Kostanay Region. At the first stage, all 94 blood samples were tested using the complement fixation test (CFT),
which yielded 10 positive results. To clarify the diagnosis, the same samples were further examined by the
agglutination reaction (AR) method, which revealed 3 positive and 7 inconclusive results.

To obtain more reliable data and confirm the presence of the pathogen, PCR analysis was performed
using specific primers for Brucella abortus DNA.

As a result of the molecular study, the presence of pathogenic DNA was confirmed in only 2 out of 10
samples; both had previously tested positive in the AR. The remaining 8 samples, including 7 inconclusive and
one suspected false-positive AR result, showed no evidence of Brucella abortus DNA.

Thus, PCR confirmed infection in only two animals and excluded the disease in the rest, highlighting the
high accuracy and diagnostic value of molecular genetic methods when combined with conventional
serological approaches for brucellosis detection.

Key words: PCR, DNA, AR, complement fixation test, brucellosis, molecular genetic, diagnostics.

NMONMUMEPA3[bI TI3BEKTI PEAKLUAHbBI (NTP) NANOANAHA OTbIPbIMN,
3AMAHAYU MONEKYNAPIbIK-BUONOIUAnNbIK 90ICTEPIMEH IP1 KAPA
MAI BPYUENNE3IH ANATHOCTUKANAY
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XoHe Kadaranay komumemiHiH KocmaHal 061bicmbIK ayMakmbIK UHCeKUUsICbIHbIH 6acwbickl, KocmaHal K.,
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buxaHos A.B.* — eemepuHapusi fblribiMOapbiHbIH O0OKMOpskIl, npogheccop, bakmepuonoausi 6enimiHiH
b6ac rbinbiMU KbidaMemkepi, «Kasak fbiibiMu-3epmmey eemepuHapusi uHcmumymely XKLUIC, Anmamsi K.,
KasakcmaH Pecrybrnukacsi.

NwaHosa A.C. — PhD dokmopsl, doueHm M.a. «XKeHeip xaH ambiHOarbl bambic KaszakcmaH agpapribiK-
mexHukarnbik yHugepcumemi» KeAK, Oparn K., KasakcmaH Pecriybnukacsi.

Makanada Kocmanali obnbicbl Kocmaral ayOGaHbl Alicapa aybinbiHOa ipi Kapa mandbiH 6pyuennes
Ko30bIprbiwbl Brucella abortus aypyblH aHbiKmay MakcambiHOa XypeidineeH KeweHOi MOSeKynsapribIK-
OuazHocmukasbik 3epmmeydiH Homuxxesnepi 6asiHOanFaH.

GipiHwi ke3eHOe 6aprnbik 94 KaH cbiHamacbl KomririemMeHmmi 6alnaHbicmbipy peakuyusicbl (KBP)
adicimeH mandaHObi, HomuxeciHde 10 ynei oH Hemuxe 6epdi. [JuaeHo30bl Hakmbliay YWiH OCbl yreinep
KochIMwa azentomuHayus peakyusicbl (AP) adicimeH 3epmmendi, OHbIH Homuxernepi 6olbiHWa 3 cbiHama OH,
an 7 cbiHama KymaHOi 601bIN WbiKmbl.

AHarypnbim ceHiMOi Manimemmep any XoHe KO30bipfbiumbiH 6ap-XofbiH pacmay MakcambiHOa
Brucella abortus [JHK-cbiHa apHalibl npatimepnepdi natidanaHa ombipbir, nonumepasdbl misbekmi peakyus-
cbiHOa manday xypei3inoi.

Monekynanbik 3epmmey HomuxeciHde namozeHdi [HK-HbiH 60nybl 10 yneiHiH 2-ciH0e faHa
pacmarndsbi: ekeyi 0e bypbiH azeritomuHayus peakyusicbl 6olbiHwa oH 6onraH. KanraH 8 ceiHama, 7 KyMoHOI
JKOHe 6ip bormkamObi XarFraH OH a2a/llomuHayusi peakyusicbiH Koca asniraHda, [JHK B. abortus 6oriraH oK.

Ocnbinatiwa, nonumepa3sobl mizbekmi peakyusicel (IMTP) )mek eki xaHyapda rFaHa XYKmbipraHObIfbIH
pacmadbl xoHe KanraHOapbiHOa aypyobl 6ondbipmayra MyMKiHOIK 6epdi, byn 6pyuennesdi aHbikmayda
mMorneKynanbik-eeHemukasnbik 8dicmepdiH xxorapbl dandiai MeH QuazcHoCmMuKarbiK KyHObIbIFbIH Kepcemeoi.

Tytindi ce3dep: MNTP, JHK, AP, KbEP, 6pyuennes, MoneKynsplibiKk-eeHemukarbiK, uagHocmuka.

COBPEMEHHbIE MOJEKYJNIAPHO-BMONOM'NMYECKUE METOblI AMATHOCTUKN BPYLUENNE3A
KPYMNMHOIO POrATOrO CKOTA C UCNOJIb3OBAHUEM NMNOJIMMEPA3HOWU LUIENMHOU PEAKLIAU (MNLP)

Kynmazanbemoesa H.)K. — Hay4yHbIl compyOdHUk omdena 6akmepuonoeauu, TOO «Kazaxckuli Hay4YHo-
uccnedosamernbCKuli eemepuHapHbIU UHCcmumymy, e. Anmamei, Pecriybrniuka Kazaxcmar.
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B cmambe u3noxeHbl pe3ynbmambi KOMIIEKCHO20 MOJIEKYISPHO-OUa2HOCMUYECKO20 UCC/1Ie008aHUs,
poeedéHHO20 C UENbIo BbiS8NeHUsT UHGUUUPOBAHUS KPYrnHO20 po2amoz20 ckoma 8036ydumernem
bpyuennésa — Brucella abortus — e cesne Alicapbi KocmaHatickoeo patioHa KocmaHatickol obriacmu.

Ha nepeom smare ece 94 npobbi kposu bbiIu npoaHanuupogaHsl MemoOoM peakyuu Ces3bleaHusi
komrnemeHma (PCK), e pesynbmame 4ezo 10 obpas3uyoe Oanu mnosioxumesibHble pe3yrbmambl. s
YymoYHeHUss duazHo3a amu e obpa3subl bbiru 0noHUMenbHO uccriedosaHbl MemodoM peakuuu az2asko-
muHauuu (PA), no pesynbsmamam komopou 3 npobbi okasanuck rnosoXumersbHbIMU, @ 7 — COMHUMETbHbIMU.

C uernbto nonyyeHusi bonee 00cmo8epHbIX daHHbIX U Modmeepx0eHuUsT Hanu4dusi 8036ydumernsi bbin
npoeedéH lNLIP-aHanu3 ¢ ucnonb3oeaHueM crieyuguyeckux npatimepos k [JHK Brucella abortus.

B pesynbmame MorieKynsipHo2o uccriedogaHusi Hasu4due riamoeaeHHoU [JHK 6bi1o nodmeep)x0eHo
nuwb 8 2 u3 10 obpasyos: oba paHee b6binu nonoxumernsHbiMu rno PA. OcmarbHbie 8 npob, eknwodyas 7
COMHUMEIbHbLIX U 00HY MpednosioXUMmMesibHO JTIOXHOMoMoXumernsHyto no PA, He nokasanu npucymcmeusi
JIHK B. abortus.

Takum obpasom, [ILIP nodmeepduna uHuuuposaHUEe nuwb y O08YX XUBOMHbLIX U fo3eosuna
uckmoyumse 3aboneeaHue y ocmarsibHbIX, YmMO MOOYEPKUBAeM 6bICOKYHO MOYHOCMb U OUacHOCMUYECKYH
UEHHOCMb MOJIEeKY/SPHO-2EHEMUYECKUX MemMo00o8 8 coyemaHuu ¢ MmpaduyUOHHBbIMU Ceposio2uYecKuUMU
rnodxodamu npu 8bisierieHUU bpyuennésa.

Knroyesnie cnoea: lNLP, [AHK, PA, PCK, 6pyuernne3, MoneKynspHo-eeHemu4eckas, duazHOCmuUKa.

Introduction. Brucellosis is a zoonotic disease caused by bacteria of the Brucella genus, which are
capable of penetrating host cells, thereby complicating pathogen detection by classical diagnostic methods.

Despite the active use of serological diagnostics, such methods often fail to detect seronegative cases,
particularly at the early stages of infection [1, p. 47]. Serological tests (RBT, CFT, ELISA) facilitate large-scale
screening but are ineffective in chronic and seronegative forms of infection [2, p. 67].

Molecular biological approaches, primarily PCR and its modifications, have significantly expanded
diagnostic capabilities. For example, real-time PCR targeting the IS711 gene enables the identification of
Brucella spp. DNA in tissues, blood and milk with high sensitivity and specificity. Daugalieva et al. (2021)
identified B. melitensis and B. abortus by PCR and MLVA-16 in samples from cattle and small ruminants in
Kazakhstan [3, p.5-7].

The development of digital PCR (ddPCR) has further improved diagnostic accuracy and enabled
guantification of the bacterial load in blood samples. In the Wengniute Banner study (2021-2022), ddPCR
demonstrated a sensitivity of up to several ng/uL and high reproducibility of results (see Sensitivity and
Repeatability section) [4, pp. 5-9].

Thus, modern molecular biological technologies make it possible to:

1. Overcome the limitations of serological testing in seronegative infections.

2. Increase the sensitivity and speed of diagnosis (within a single working day).

3. Perform quantitative assessment of bacterial load.

4. Apply rapid diagnostic methods under field conditions [5, pp. 5-7].

It should be emphasized that the integration of molecular diagnostics (PCR, ddPCR, LAMP, CRISPR)
with traditional methods can significantly enhance the efficiency of brucellosis surveillance and control in both
veterinary medicine and clinical practice [6, p. 5].

In recent years, monitoring of the epizootic situation and the diagnosis of brucellosis have been actively
modernized in accordance with the recommendations of the WOAH and regional studies. For instance,
Mikailov et al. (2024) emphasized that classical diagnostic methods, such as the in vitro agglutination reaction
(AR) and the complement fixation test (CFT), are inferior in sensitivity and specificity to modern molecular
techniques [7, p. 817].

A comparative study of various serological tests for the diagnosis of bovine brucellosis, including AR,
CFT, ELISA, and the indirect hemagglutination assay (IHA), showed that ELISA (96%) and AR (100%) had
the highest sensitivity, whereas IHA demonstrated significantly lower performance [8, p. 3].

Results of Epizootic Monitoring in Kazakhstan for 2023-2024

Brucellosis diagnosis was carried out using RBT and CFT, with 155 out of 2,981 samples testing positive
(5.2%). The authors emphasized the importance of implementing the WOAH (2022) international recommen-
dations and noted an increase in diagnostic sensitivity when transitioning to ELISA [9, p. 3].
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The sensitivity and specificity of tests such as the Rose Bengal test (RBT), CFT, and the lateral flow test
(LFT) were also assessed. LFT and RBT were found to be suitable for screening, while CFT was primarily
used to confirm the diagnosis due to its high specificity [10, p. 4].

The aim of the present study was to confirm the presence of Brucella abortus DNA in bovine serum
samples that yielded questionable or positive serological results using PCR.

Objectives

1. To analyze bovine blood samples using the complement fixation test (CFT) and the agglutination
reaction (AR).

2. To perform a one-step PCR assay followed by electrophoretic detection of the amplicons in agarose
gel.

Materials and methods. Within the framework of epizootic monitoring, 94 blood samples were collected
from cattle in Aysary village, Kostanay District, Kostanay Region. All samples were collected in sterile vacuum
tubes (vacutainers) and transported to the laboratory of the Kostanay National Institute of Veterinary Science
(NIVS) in thermocontainers within 6 hours of collection. Serological studies were performed in accordance with
GOST 34105-2017 [11]. Of the 94 samples, 10 tested positive by the complement fixation test (CFT). These
10 samples were further examined using the agglutination reaction (AR), of which 3 samples were positive
and 7 were inconclusive.

Molecular diagnostic analysis was also conducted. DNA was extracted using the BRU-COM kit (FGUN
TSNIIE, Rospotrebnadzor). PCR amplification was performed on a Mastercycler Gradient thermocycler using
specific primers for Brucella abortus DNA.

The amplification conditions were as follows: denaturation at 95 °C, annealing at 60 °C, and elongation
at 72 °C for 35 cycles. Amplification products were analyzed on a 1.5% agarose gel stained with ethidium
bromide and visualized under UV illumination.

Results

Polymerase chain reaction (PCR) is currently one of the most sensitive and specific methods for the
molecular diagnosis of infectious diseases, including brucellosis. However, the efficiency of PCR depends on
several critical factors: proper preparation of clinical material to prevent DNA loss or degradation, optimal
selection of primers specific to the target sequences of the pathogen, and appropriate choice of the method
for visualizing amplification products.

In this study, a one-step PCR assay followed by electrophoretic detection of amplicons in an agarose
gel was employed. This approach is commonly used in both laboratory practice and scientific research
because it allows for extremely high sensitivity, detecting as few as 5-10 DNA molecules per sample. However,
such sensitivity is typically achieved only with highly purified DNA samples, which necessitates careful
attention to sample preparation.

At the first stage of the study, all 94 samples (n = 94) were analyzed using the complement fixation test
(CFT) in accordance with established veterinary standards. Ten samples (10.64%) tested positive, which
warranted additional serological testing. The same samples were subsequently examined using the
agglutination reaction (AR), a simpler and widely employed serological technique. Based on the AR results, 3
samples (3.19%) were classified as positive, and 7 samples (7.45%) were inconclusive, complicating the
establishment of a definitive diagnosis.

To obtain more reliable data and clarify the infection status of the animals, PCR analysis was performed
on these 10 samples using specific primers for Brucella abortus DNA (Table 1).

Table 1 — Comparative results of AR, CFT, and PCR analyses

AR
Inconclusive
Inconclusive

+
Inconclusive
Inconclusive

+
Inconclusive
Inconclusive
Inconclusive

+

(@)
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—
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(@)
Py}
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Notes:

e AR — Agglutination Reaction

e CFT — Complement Fixation Test

e PCR - Polymerase Chain Reaction
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According to the data in Table 1, the analysis revealed the following:

® All 10 samples (10.64%) previously testing positive by CFT out of 94 were included in the PCR
analysis.

® Ofthese, 3 samples (3.19%) that were positive by AR were further analyzed using PCR. As a result,
2 samples (2.13%) were confirmed to contain Brucella abortus DNA, while one sample tested negative.

® The 7 samples (7.45%) with inconclusive AR results were negative by PCR, indicating the absence
of pathogenic DNA in these samples.

Thus, PCR confirmed the presence of Brucella abortus in only 2 animals initially positive by serological
methods and allowed the exclusion of infection in the remaining 8 animals, including 7 with inconclusive
serological results and 1 with a possible false-positive AR result.

The results obtained clearly demonstrate the high sensitivity and specificity of the PCR method,
particularly in cases where serological methods yield ambiguous or inconclusive results. The use of PCR in
combination with CFT and AR significantly enhances diagnostic accuracy, minimizes the likelihood of
diagnostic errors, and enables timely detection and isolation of infected animals, which is especially important
within the framework of epizootic control.

The PCR amplification results are presented in Figure 1, showing characteristic amplicons in the two
positive samples corresponding to specific regions of the Brucella abortus genome.

Figure 1 — Analysis of PCR results of 10 serum samples by agarose gel electrophoresis

Figure 1 presents the results of a PCR assay analyzed by agarose gel electrophoresis. Ten blood serum
samples collected from cattle suspected of brucellosis based on serological methods (CFT and AR) were tested.

Each lane on the gel corresponds to an individual sample, numbered from 1 to 10. Control samples
include a positive control (Brucella abortus DNA) and a negative control (reaction mixture without DNA).

As shown in the figure, characteristic amplicon bands corresponding to a specific fragment of Brucella
abortus DNA are clearly visible in the lanes corresponding to samples 3 and 6. The presence of these bands
indicates a positive PCR result, confirming the presence of the pathogen DNA in these samples. These results
verify that the animals from which these samples were collected were indeed infected with Brucella abortus.

At the same time, the remaining samples, including sample 10, did not display amplified products of the
expected size. The absence of characteristic bands indicates a negative PCR result and, therefore, the absence
of detectable pathogen DNA in the sample. This is particularly important for sample 10, as the animal had pre-
viously yielded inconclusive results based on serological tests; PCR analysis confirmed that it was not infected.
This result helped prevent the erroneous culling of the animal, which has both economic and epizootic significance.

Thus, the electrophoregram shown in Figure 1 demonstrates the diagnostic accuracy of the PCR
method: only the two truly infected animals (samples 3 and 6) were identified, while all other animals were
correctly excluded from the group of infected animals. These findings confirm the high sensitivity and specificity
of PCR and highlight its importance in clarifying diagnoses, particularly when serological results are doubtful
or contradictory.

Discussion. The results of this study clearly demonstrate the diagnostic advantages of the polymerase
chain reaction (PCR) method over traditional serological tests, such as the agglutination reaction (AR) and the
complement fixation test (CFT). PCR provides higher sensitivity and specificity, which is particularly important
when analyzing samples with ambiguous or inconclusive serological results.

Of the 10 samples tested, 7 were classified as inconclusive based on AR. If only serological methods
had been used, it would have been difficult to make an accurate diagnosis, potentially leading to premature or
erroneous management decisions, such as the culling of animals. However, PCR analysis confirmed the
absence of infection in all seven of these animals with high accuracy, indicating that Brucella abortus DNA
was not present in the tested samples.
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Particularly noteworthy is sample 10, which tested positive by serological methods but did not display a
specific amplicon by PCR. This discrepancy may reflect a false-positive result in the serological assay, possibly
due to cross-reactivity with other antigens, or an extremely low concentration of bacterial DNA in the sample,
below the sensitivity threshold of the PCR method. In any case, the negative PCR result in this instance
prevented the unnecessary culling of a clinically healthy animal, which is significant from both economic and
ethical perspectives.

The particular value of PCR lies in its ability to directly detect the genetic material of the pathogen, in
contrast to serological methods that rely on antibody detection. Since antibody production may depend on the
individual animal’'s immune response, the stage of infection, or prior vaccination, PCR enables diagnosis
independent of these factors.

Thus, PCR has proven to be a highly effective method, especially in borderline or controversial cases.
The use of this approach enhances the objectivity of diagnosis, minimizes the risk of erroneous culling,
facilitates more accurate identification of infected individuals, and reduces the likelihood of further spread of
infection within the herd. Moreover, the high reliability of PCR results fosters confidence among farms and
animal owners in veterinary interventions.

Taken together, the results of this study underscore the necessity of integrating PCR diagnostics into
standard epizootic surveillance and brucellosis control schemes, particularly in cases where serological test
results are doubtful or contradictory.

Conclusion

This study confirmed the high diagnostic value of the polymerase chain reaction (PCR) method
for detection of Brucella abortus in cattle. The use of PCR enabled the acquisition of more accurate
information regarding the actual infection status, particularly in cases where serological methods yielded
doubtful or contradictory results.

The analysis revealed instances of discrepancies between serological and molecular data, highlighting
the importance of a comprehensive approach in the diagnosis of brucellosis. The application of PCR helped
prevent false-positive results and unjustified culling of animals, thereby reducing potential economic losses for
agricultural enterprises.

The method demonstrated the potential for early detection of infection through the direct identification
of pathogen DNA, independent of the stage of the immune response. This renders PCR particularly valuable
for livestock monitoring, planning preventive measures, and enabling prompt management decisions in
infection foci.

From a practical perspective, the integration of PCR diagnostics into veterinary surveillance systems
contributes not only to more effective control of brucellosis but also to the strengthening of regional epizootic
health. In the context of the increasing relevance of zoonotic infections, this method offers prospects for further
enhancement of prevention programs, early detection, and the prevention of the spread of hazardous diseases.
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