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Abstract

Background and Aim. Authentication of meat species in processed products is important for food
quality control and consumer protection. This study evaluated the applicability of a PCR assay targeting
the mitochondrial cytochrome b (Cyz b) gene for species identification in commercial sausage products.

Materials and Methods. Reference samples of horse, cattle, sheep, pig, and chicken meat were
analyzed together with 15 commercial sausage products. Total DNA was extracted and amplified using
species-specific Cyt b primers. PCR products were analyzed by agarose gel electrophoresis and selected
amplicons were confirmed by sequencing.

Results. Species-specific amplification products corresponding to the expected fragment sizes were
obtained for all investigated animal species. Analysis of commercial sausage products revealed both
agreement and discrepancies between declared and detected meat species composition. Sequencing
confirmed the identity of selected PCR products.

Conclusion. The Cyt b-based PCR assay proved suitable for qualitative identification of animal species
in thermally processed meat products and may be useful for routine authenticity testing of meat products.

Keywords: meat adulteration; Cyt b; PCR; food control; meat species identification.

Introduction

Meat adulteration through the substitution of high-value meat species with less expensive alternatives
remains a significant concern for food safety, consumer protection, and regulatory authorities [1, 2].
Species substitution may lead to economic fraud, mislabeling, and violations of religious or ethical dietary
requirements [3]. Processed meat products such as sausages are particularly vulnerable to adulteration
because morphological characteristics of the original raw materials are lost during processing, making
visual identification impossible [4].

Reliable authentication of meat species therefore requires analytical methods capable of detecting
species-specific markers in complex and thermally processed food matrices [5]. Various approaches have
been proposed for meat authentication, including physicochemical, spectroscopic, immunological, and
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molecular genetic techniques [6, 7, 8]. Among these, polymerase chain reaction (PCR)-based methods
are considered highly reliable because DNA remains detectable even after substantial technological
processing [9, 10].

Mitochondrial DNA markers are particularly suitable for species identification owing to their high
copy number and relative resistance to degradation. The cytochrome b (Cyt b) gene has been widely
used for the authentication of meat products and species differentiation due to the presence of both
conserved and species-specific regions. Although several multiplex PCR systems have been described
for simultaneous detection of multiple animal species, singleplex PCR assays remain attractive because
of their simplicity, reduced risk of primer competition, and ease of result interpretation [11, 12].

The present study was based on the hypothesis that species-specific Cyt b primers can provide
reliable identification of animal species in thermally processed meat products. Therefore, the objective
of this study was to evaluate the applicability and analytical specificity of a Cyt b-based PCR assay for
detecting declared and undeclared animal species in commercial sausage products.

Materials and Methods

Samples and reagents. In this study, muscle tissue from horse meat (n=5), beef (n=15), lamb (n=15),
pork (n=15), and chicken (n = 5) were used as reference samples. In addition, commercial meat products
were analyzed, including boiled sausages (n = 4), smoked sausages (n = 7), and frankfurters (n = 4). All
samples were stored at —20 °C until DNA extraction.

DNA Extraction and PCR Amplification.

Total DNA was extracted from meat products using the DNA-EXTRAN-2 kit (Syntol, Russia)
according to the manufacturer’s instructions. PCR reactions were performed in a total volume of 25 puLL
containing 2 pL of genomic DNA, 1 pL of each primer, 0.5 uL. dNTP mixture, 2.5 pL of 10x reaction
buffer, 0.2 pL Taq DNA polymerase, and nuclease-free water. Amplification was performed in a T100
thermal cycler (Bio-Rad, USA) under the following conditions: initial denaturation at 95 °C for 5 min,
followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at 53—65 °C for 30 s, and extension
at 68 °C for 40 s, with a final extension at 68 °C for 5 min. PCR amplification products were purified
using the QIAquick PCR Purification Kit (Qiagen, Singapore) according to the manufacturer’s protocol.
Selected PCR amplicons were subjected to Sanger sequencing using an ABI 3730xI DNA Analyzer
(Applied Biosystems, USA). Sequencing data were collected using 3730 DNA Analyzer Data Collection
Software v3.0 and analyzed using Sequencing Analysis Software v5.3.1 (Applied Biosystems, USA).
Consensus sequences were aligned and compared with reference Cyt b sequences retrieved from the
GenBank database to confirm species identity.

DNA extracted from reference samples of each animal species served as positive controls. A no-
template control containing nuclease-free water instead of DNA was included in each PCR run to
monitor possible contamination.

Species-specific primers targeting the Cyt b gene, used for PCR amplification, are presented in Table 1.

Table 1. Primers used for amplification of the Cyt b gene

Animal Primer sequence (5’—3") Amplicon size, bp Annealing temperature
species (°C)
Horse F: AGCCACCCTTACCCGATTTTIT 500 59
R: GTCCGCCGATTCATGTTAGTGTC
Cattle F: ACGAGGCTTATATTATGGGTCTTA 500 53
R: ATTGGCCGGGGTGTAGTTATC
Sheep F: TCCCAGCCCCCTCAAACAT 550 60
R: AAAAGCCCCCTCAGATTCATTC
Pig F: ACGCAAACGGGGCATCA 3’ 450 65
R: GGGGGAGTGTTAAGTGGGTTTG
Chicken | F: CCTTTGTGGGCTATGTTCTC 400 55
R: GGGGGTTACTAGTGGGTTTG
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PCR products were analyzed by electrophoresis in a 1% agarose gel. To prepare the gel, 0.4 g of
agarose was added to 40 pL of 1x TAE buffer and melted in a microwave oven. The solution was then
cooled to 50-60 °C, after which 2.5 pL of ethidium bromide solution was added. The mixture was
poured into a casting tray to form a thin gel layer. Using special combs, wells were formed in the gel
for sample loading. For electrophoretic analysis, 10 pL of each PCR product was mixed with 2 pL of
6x loading dye and loaded into the agarose gel wells. The electrophoresis was performed under the
following conditions: electric field strength of approximately 6 V/cm for 50 minutes. The results of
electrophoresis were visualized by UV irradiation of the gel using a transilluminator.

Statistical Analysis

The present study was designed as a qualitative PCR-based species identification assay. Therefore,
quantitative statistical comparison of amplification signals was not performed. Results were interpreted
based on the presence or absence of species-specific amplicons of the expected size. The proportion
of samples showing agreement between declared and detected species composition was calculated
descriptively. Because of the limited sample size, estimates of analytical sensitivity, specificity, and
limit of detection were not determined and should be evaluated in future studies.

Results

PCR analysis of three types of sausage products using species-specific primers targeting the Cyt b
gene of cattle, horse, pig, sheep, and chicken revealed DNA fragments of 500, 450, and 400 base pairs,
as shown in Figure 1. Amplification of the Cy? b gene segment in cattle corresponded to a fragment size
of 500 base pairs. The amplicon sizes of the mitochondrial DNA fragments of pig and chicken were 450
bp and 400 bp, respectively, which correspond to the expected fragment sizes.

A 1 2 345 6 7 8 9 10NCMM B 1 2 3 45 6 7 8 9 10NCMM
c 1 2 345 6 7 8 9 10NCMM
- e o emm e - - - 500 bp

Note: smoked sausage (4), boiled sausage (B), frankfurters (C)

Lane 1 — primers targeting Cyt b of cattle; Lane 2 — primers targeting Cyt b of horse; Lane 3 — primers
targeting Cyt b of pig; Lane 4 — primers targeting Cy? b of sheep; Lane 5 — primers targeting Cyt b
of chicken; Lane 6 — DNA of cattle; Lane 7 — DNA of horse; Lane 8 — DNA of pig;

Lane 9 — DNA of sheep; Lane 10 — DNA of chicken; NC — negative control.

Figure 1. Electrophoregram of PCR analysis of sausage products

Since the composition of the analyzed sausage products did not indicate the presence of pork
components, a control PCR analysis was performed using species-specific primers targeting the Cyt b
gene of cattle and pig.

To increase the specificity of the reaction, the annealing temperature was increased to 70 °C, while
the optimal annealing temperatures were 53 °C for primers targeting the Cyt b gene of cattle and 57 °C
for primers targeting the Cy? b gene of pig (Figure 2).
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Lane 1 — smoked sausage; Lane 2 — boiled sausage; Lane 3 — frankfurters.
Figure 2. Electrophoresis of PCR analysis of sausage products using species-specific
primers targeting the Cyz b gene of cattle and pig

As shown in Figure 2, the increase in annealing temperature confirms the presence of pig DNA in
samples of smoked sausage and frankfurters. In samples of boiled sausage, trace amounts of pig DNA
were detected, which may be associated with contamination of production equipment.

The analytical sensitivity of the quantitative PCR assay was assessed using serial dilutions of DNA
isolated from animal biological specimens. The assay demonstrated a detection limit ranging from 62.5
pg to 1.9 pg of DNA per 25 pL reaction volume (Figure 3).

A1 23456 7 89 10 KKRCNC MM B 1234 5678 910 KKPC NC MM
= =]
-
= -
- =
— - — - —— - = 500bp
e - == 500 bp

Lane 1 — 1000 pg; Lane 2 — 500 pg; Lane 3 — 250 pg; Lane 4 — 125 pg; Lane 5 — 62.5 pg; Lane 6 —
31.2 pg; Lane 7 — 15.6 pg; Lane 8 — 7.5 pg; Lane 9 — 3.9 pg; Lane 10 — 1.9 pg; Lane 11 — 0.9 pg; PC
— DNA extracted from beef (positive control); NC — reaction mixture without DNA (negative control);
KK — DNA from a non-target animal species; MM — DNA molecular weight marker.

Figure 3. Analytical sensitivity of primers targeting the cytochrome b (Cyt b) gene of cattle (A),

pig (B)

The simultaneous detection of species-specific amplicons of cattle and pig DNA in the same samples
indicates a mixed species composition of the meat raw materials. Differences in band intensity were
observed; however, because the assay was qualitative, no conclusions regarding the relative proportion
of species-specific DNA were made. The electrophoretic profile indicates the presence of biological
material from both cattle and pigs in the sausage products, which is important for quality control,
detection of adulteration, and verification of product labeling compliance.

For validation of the PCR analysis based on primers targeting the Cyt b gene, four types of boiled
sausages, seven types of smoked sausages, and four types of frankfurters were examined. Table 2
presents the results of species identification of meat raw materials in sausage products of various types
using PCR based on analysis of the Cyz b gene. The declared composition of the products was compared
with the actual animal DNA detected in the sausage samples.
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Table 2. Results of composition determination in sausage product samples

No. Product type Composition Animal DNA detected by
PCR based on the Cyt b gene
1 | Boiled sausage No. 1 Beef Cattle DNA
Chicken meat Chicken DNA
Spices
2 | Boiled sausage No. 2 Beef Cattle DNA
Pork meat Pig DNA
Spices Chicken DNA
3 | Boiled sausage No. 3 Beef Cattle DNA
Chicken meat Pig DNA
Spices Chicken DNA
4 | Boiled sausage No. 4 Pork Pig DNA
Chicken meat Chicken DNA
Spices
5 | Smoked sausage No. 1 Pork Pig DNA
Chicken meat Chicken DNA
Spices
6 | Smoked sausage No. 2 Beef Cattle DNA
Chicken meat Chicken DNA
Spices
7 | Smoked sausage No. 3 Beef Cattle DNA
Chicken meat Pig DNA
Spices Chicken DNA
8 [ Smoked sausage No. 4 Beef Cattle DNA
Chicken meat Chicken DNA
Spices
9 | Smoked (Krakow-style) Chicken meat Chicken DNA
sausage No. 1 Spices
10 [ Smoked (Krakow-style) Pork Cattle DNA
sausage No. 2 Beef Pig DNA
Spices
11 [ Smoked (Krakow-style) Beef Cattle DNA
sausage No. 3 Spices Pig DNA
12 | Frankfurters No. 1 Beef Cattle DNA
Chicken meat Chicken DNA
Spices
13 | Frankfurters No. 2 Beef Cattle DNA
Spices
14 | Frankfurters No. 3 Beef Cattle DNA
Chicken meat Chicken DNA
Pork Pig DNA
Spices
15 | Frankfurters No. 4 Beef Cattle DNA
Chicken meat Chicken DNA
Spices Pig DNA
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DNA of animal species was successfully detected in all analyzed samples, confirming the suitability
of the PCR method based on the Cy¢ b gene for the analysis of thermally processed meat products. The
obtained data demonstrate both consistencies and discrepancies between the declared composition and
the actual species composition of the sausages. In several samples (boiled sausages No. 1 and No. 4;
smoked sausages No. 1, No. 2, and No. 4; frankfurters No. 1-3), the detected DNA corresponded to the
meat species indicated on the label. This indicates correct labeling and the absence of substitution of
meat raw materials in these products.

At the same time, in samples of boiled sausage No. 2 and No. 3, as well as in smoked sausage No. 3
and smoked (Krakow-style) sausages No. 1-3, the presence of animal DNA not declared in the product
composition was detected (pig or chicken DNA in the absence of corresponding labeling). In samples
of smoked (Krakow-style) sausage No. 2 and frankfurters No. 4, DNA from several animal species was
detected simultaneously, indicating either the use of mixed meat raw materials or possible technological
cross-contamination. The detection of chicken DNA in products where it is not declared may indicate a
partial substitution of more expensive meat raw materials with cheaper alternatives, or the use of shared
production lines without adequate cleaning procedures.

The data presented in the table confirm the high informative value of PCR analysis targeting the
Cyt b gene for monitoring the authenticity of meat products. The detected discrepancies between the
declared and actual species composition indicate possible cases of adulteration or violations of production
technology, which highlights the necessity of molecular genetic control within the system of veterinary
sanitary inspection and quality monitoring of meat products.

To confirm the presence of pig DNA in sausage products where it was not declared, additional
analyses were conducted to isolate and determine the nucleotide sequence of the amplified fragment.
Sequencing of selected amplicons showed high similarity to reference Cyt b sequences available in
GenBank, supporting the species identification results obtained by PCR. (Figure 3).

51 100

NC_012095.1:14164-15303 Sus scrofa domesticus CytB (45) GCATTCATTGACCTCCCAGCCCCCTCARACATCTCATCATGATGARRCTT
Pig forvard {48) GCGGGRATTCGATTCCCAGCCCCCTCARRCATCTCATCATGATCGARACTT

Pig revers (3 P e TCCCAGCCCCCTCAARCATCTCATCATGATGARACTT

101 150

NC 012095.1:14164-15203 Sus scrofa domesticus CytB {99) CGGETTCCCTCTTAGGCATCTGCCTARTCTTGCARATCCTAACAGGCCTET
Pig forvard (98) CGGTTCCCTCTTAGGCATCTGCCTAATCTTGCARATCCTARCAGGCCTGT

Pig revers {38) CGGTTCCCTCTTAGGCATCTGCCTAATCTTGCARATCCTARCAGGCCTET

151 200

NC_012095.1:14164-15303 Sus scrofa domesticus CytB (14S) TCTTAGCAATACATTACACATCAGACACAACAACAGCTTTCTCATCAGTT
Pig forvard {148) TCTTAGCAATACATTACACATCAGACACAACAACAGCTTTCTCATCAGTT

E'ig revers {(88) TCTTAGCAATACATTACACATCAGACACRACAACAGCTTTCTCATCAGTT

201 250

NC 012095.1:14164-15303 Sus scrofa domssticus CytB {199) ACACACATTTGTCGAGACGTAAATTACGGATGAGTTATTCGCTATCTACA
Pig forvard (198) RCRCACATTTGTCGRGACGTAAATTACGGATGASTTATTCGCTATCTACE

Pig revers (138) ACACACATTTGTCGAGACGTRAAATTACGGATGAGTTATTCGCTATCTACA

251 300

NC_012095.1:14164-15303 Sus scrofa domesticus CytB (249) TGCRARRCGGAGCATCCATATTCTTTATTTGCCTATTCATCCACGTAGGLC
Pig forvard (248) TGCAARCGGAGCATCCATATTCTTTATTTGCCTATTCATCCACCTAGGLC

Pig revers {(188) TGCARACGGAGCATCCATATTCTTTATTTGCCTATTCATCCACGTAGECC

301 350

NC 012095.1:14164-15303 Sus scrofa domssticus CytB {299) GAGGTCTATACTACGGATCCTATATATTCCTAGAAACATGRARCATTGGA
Pig forvard (298) GAGGTCTATACTACGGATCCTATATATTCCTAGRAACATGRAMLCATTSGR

Pig revers (238) GAGGTCTATACTACGGATCCTATATATTCCTAGRRACATGRARCATTGEA

351 400

NC_012095.1:14164-15303 Sus scrofa domesticus CytB (349) GTAGTCCTACTATTTACCGTTATAGCAACAGCCTTCATAGGCTACGTCCT
Pig forvard (348) GTAGTCCTACTATTTACCGTTATAGCAACAGCCTTCATAGGCTACGTCCT

Pig revers (288) GTAGTCCTACTATTTACCGTTATAGCAACAGCCTTCATAGGCTACGTCCT

401 450

NC 012095.1:14164-15303 Sus scrofa domesticus CytB (3595) GCCCTGAGGACARATATCATTCTGAGGAGCTACGGTCATCACARATCTAL
Pig forvard (398) GCCCTGAGGACARATATCATTCTGAGGAGCTACGGTCATCACARATCTAL

Pig revers (330) GLCCTGAGGACARATATCATTCTGAGGAGCTACGGTCATCACARATCTAL

451 500

NC_012095.1:14164-15303 Sus scrofa domesticus CytB (449) TATCAGCTATCCCTTATATCGGAACAGACCTCGTAGRATGAATCTGAGES
Pig forwvard (448) TATCAGCTATCCCTTATATCGGAACAGACCTCGTAGAAT GAATCTGAGES

Pig revers (388) TATCAGCTATCCCTTATATCGGAACAGACCTCCTACAATGAATCTCAGES

501 350

NC 012095.1:14164-15303 Sus scrofa domesticus CytB (499) GGCTTTITCCGTCGACARAGCAACCETCACACGATTICTTCGCETTECACTE
Pig forvard (498) GGCTTTTC

Pig revers (438) GGCTTTITAT ——CACTAGTGAAT TEGLGGCCGCCTIGCAGGTCGACCATAT

551 600

Figure 3. Alignment of the reference nucleotide sequence with the Cyt b DNA
fragment isolated from a sausage product
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Figure 3 shows that the nucleotide sequences of the Cyt b gene fragment isolated from sausage
products almost completely coincide with the reference sequence of Sus scrofa domesticus (NC_012095).
Throughout the analyzed region, a high degree of nucleotide conservation is observed, which is
characteristic of the mitochondrial Cyt b gene and confirms its suitability as a marker gene for species
identification of meat raw materials. Distinct regions of complementary binding of the forward and
reverse primers (Pig forward and Pig reverse) can be clearly identified, indicating the correct primer
design and the specificity of PCR amplification. The absence of significant mismatches in the primer-
binding regions suggests a high efficiency of amplification of the target pig DNA fragment, even under
conditions of technological processing of meat products. Minor nucleotide variations observed at
several positions are not systematic and may be attributed to intraspecific variability or sequencing
characteristics. Overall, the obtained data demonstrate the high efficiency and specificity of the molecular
genetic identification method based on analysis of the Cyt b gene.

Discussion

The present study demonstrated the applicability of a PCR assay targeting the mitochondrial Cyt b
gene for qualitative identification of animal species in commercial sausage products. Species-specific
amplification products of the expected size were obtained for cattle, horse, sheep, pig, and chicken DNA,
indicating successful amplification of the selected target regions. Furthermore, amplification products
were detected in thermally processed meat products, confirming the suitability of mitochondrial Cyz b
markers for analysis of processed food matrices. Analysis of commercial sausage products revealed
both agreement and discrepancies between the declared and detected species composition. In several
samples, the detected DNA corresponded to the species listed on the product label, whereas in other
cases undeclared animal species were identified. The presence of undeclared DNA may indicate
substitution of meat raw materials, inaccurate labeling, or technological cross-contamination during
processing. However, because the assay was designed as a qualitative method, the relative proportion of
each species present in mixed products could not be determined.

To further verify the PCR results, selected amplicons were subjected to nucleotide sequence analysis.
Comparison of the obtained sequences with reference Cyt b sequences demonstrated high sequence
similarity, supporting the species identification results obtained by PCR. These findings are consistent
with previous studies reporting the usefulness of mitochondrial Cyt b markers for authentication of meat
products and detection of species substitution. The practical applicability of the assay was additionally
demonstrated through the analysis of commercially available sausage products. The ability to detect
animal DNA in thermally processed samples suggests that the method may be useful for routine
monitoring of meat authenticity in veterinary and food control laboratories [12].

Several limitations of the present study should be acknowledged. First, the assay was evaluated as
a qualitative method and does not provide quantitative information regarding the proportion of meat
species in mixed products. Second, cross-reactivity was evaluated only for the investigated animal
species and was not assessed using DNA from additional species. Third, technical PCR replicates were
not performed, and therefore assay reproducibility was not formally evaluated.

In addition, the relatively small number of reference samples does not allow estimation of diagnostic
sensitivity and specificity with statistical confidence. Blinded evaluation of samples was not performed,
as the declared composition of commercial products was known to the investigators during analysis.
Although species identification was based on objective PCR amplification and sequence analysis results,
the possibility of observational bias cannot be completely excluded. Future studies should therefore
focus on determination of the limit of detection, assessment of assay reproducibility, blinded sample
analysis, evaluation of analytical performance characteristics, and validation using larger sample sets
and experimentally prepared meat mixtures.

Conclusion

The present study demonstrated the applicability of a Cyt b-based PCR assay for qualitative
identification of cattle, horse, sheep, pig, and chicken DNA in commercial sausage products. The method
successfully detected both declared and undeclared animal species in thermally processed products. The
obtained results indicate that Cyt b-based PCR may serve as a useful tool for routine meat authenticity
testing. However, further studies are required to determine analytical sensitivity, limit of detection, and
diagnostic performance characteristics of the assay.
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Abstract

Background and Aim. The prevalence of uterine diseases in cows is reported to range from 14.3%
to 50% of obstetric and gynecologic disorders, compromising reproductive function and increasing
economic losses. Clinical diagnosis is most informative in the early postpartum period, whereas
laboratory methods, despite high specificity, are often impractical for routine on-farm use. This study
aimed to develop a test kit for visual diagnosis of uterine diseases in cows and to determine its diagnostic
performance.

Materials and Methods. The study was performed on a commercial dairy farm («En-Dala» LLP)
in Holstein-Friesian cows (n=100) in their first or second lactation. The design features of the test kit
for visual diagnosis of uterine diseases in cows (catheter length, catheter diameter) were determined
using a comparative approach. The performance of clinical methods (rectal and vaginal examinations),
laboratory methods (Whiteside test and cytology), and two prototype reagents included in the visual
test kit was evaluated by calculating sensitivity, specificity, diagnostic accuracy, PPV, and NPV. The
diagnostic parameters of the test (foam formation, discoloration time) were determined using descriptive
statistics and a comparative method.

Results. An optimal catheter length of 40 cm and diameter of 0.6 cm were established, and a 50-mL
syringe with appropriate design features was selected for aspiration of cervicovaginal mucus (CVM).
Prototype 1 (10% H,O, + 0.01% methylene blue) showed the most favorable diagnostic profile (Sens.
90.3%, Spec. 100.0%, Acc. 94.2%, PPV 100.0%, NPV 87.5%) versus the other methods, maintaining
maximal specificity regardless of days in milk. Diagnostic criteria for test use were defined as foam
formation >1 c¢cm and discoloration within <4 min, with stratification by clinical course.

Conclusion. The developed test kit for visual diagnosis of uterine diseases in cows is a rapid and
highly specific diagnostic method, enabling its use for screening the herd for uterine disease regardless
of the days in milk.

Keywords: clinical diagnosis; clinical effectiveness; dairy cattle; uterine disease.

Introduction
Uterine diseases in cows remain among the most significant causes of impaired reproductive
performance and economic losses in dairy cattle production (add a reference). The prevalence of
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these conditions may range from 14.3% to 50% of all obstetric and gynecologic disorders recorded in
dairy cows, which contributes to cow infertility and represents a limiting factor for agriculture sector
development [1, 2]. According to data reported by international researchers within the European Union,
costs associated with endometritis are approximately €30 per cow [3]. A key feature of the clinical
course of uterine diseases in cows is their confusing dynamic: variation in the inflammatory process, the
severity of clinical signs, and the differential effectiveness of diagnostic methods depending on days in
milk necessitate a stratified diagnostic approach to these conditions [4].

Under on-farm conditions, the most accessible approaches for diagnosing uterine disease remain
clinical methods (rectal and vaginal examination) add reference. However, the effectiveness of these
methods depends on the veterinarian’s expertise and the days in milk, whereas in subclinical cases they
are largely uninformative [5, 6]. In recent years, ultrasonography has also been widely implemented
on farms for the diagnosis of uterine disease, based on detection of intrauterine exudate, measurement
of endometrial wall thickness, and identification of abnormal contents within the uterine lumen;
however, these findings are not universal diagnostic indicators in subclinical disease [7, 8]. Therefore,
a combined «clinical examination + ultrasonography + cytology» approach is currently recommended
when monitoring reproductive tract status in cows at different days in milk points to improve diagnostic
accuracy [9].

Research efforts are ongoing to identify rapid diagnostic solutions for uterine diseases in cows that
enable accurate diagnosis based on characteristics of uterine contents and the micro and macroscopic
structure of the organ itself: changes in the structure of the organ, the cellular composition of the
uterine walls, changes in the chemical composition of uterine secretions. For example, histologic
examinations have revealed endometrial changes in cows with subclinical endometritis, characterized
by a vascular response, strands of collagen fibers, and focal inflammatory lesions [10]. Morphometric
measurements of the reproductive tract in cows make it possible to develop a standardized sampling
protocol for histologic assessment during biopsy, which in turn facilitates procedural standardization
and, consequently, improves diagnostic accuracy [11]. The use of endoscopic systems of various
designs may also represent an effective approach for diagnosing uterine disease in cows, as supported
by the use of visual insemination system — the AlphaVision device (IMV Technologies, France) which
not only increased the proportion of successful inseminations but also identified reproductive system
abnormalities in 14% of the study animals [12].

An additional approach involves using the physicochemical properties of uterine contents as a source
of diagnostic markers for uterine disease in cows. One example is the Metrisor device (Firat University,
Turkey), developed based on gas sensors that detect intrauterine gases produced by pathogenic
microflora in the presence of inflammation and enable on-farm diagnosis of metritis in cows with up
to 80% accuracy [13]. Evaluation of the enzymatic activity of cervicovaginal mucus has shown that,
in combination with dyes, this marker may also serve as a valuable diagnostic tool; accordingly, a new
laboratory method for diagnosing uterine diseases in cows was developed [14]. A logical continuation
of this work was to adapt the laboratory method for field use by developing an appropriate device and
test reagent formulation, followed by validation under farm conditions.

The aim of this study was to develop a test kit for visual diagnosis of uterine diseases in cows and to
determine the diagnostic performance parameters when the test is applied. It was expected that, thanks
to the optimal design of the test and the composition of the reagents, a method would be developed for
diagnosing uterine diseases in cows, allowing for diagnoctics to be carried out in a short time.

Materials and Methods

Ethical approval

The Local Ethics Committee of S. Seifullin Kazakh Agrotechnical Research University (KATRU)
approved the study (Protocol No. 3, November 3, 2022). Study planning and implementation were
conducted in accordance with the Law of the Republic of Kazakhstan «On Responsible Treatment of
Animals» (No. 97-VII LRK, December 30, 2021) [15].

The study was conducted from May to August 2025 at the commercial dairy farm «En-Dala LLP»
(Akmola Region) and at the Veterinary Medicine Research Laboratory of the Institute of Animal Science
and Veterinary Medicine, KATRU.
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The study population comprised Holstein-Friesian cows in their first (n=50) or second (n=50)
lactation at 10-91 and more days in milk (d.m.), maintained under a free-stall housing system with ad
libitum access to feed and water and milked twice daily.

To determine the sampling device parameters for cervico-vaginal mucus (CVM) collection, catheters
with a length of 40 cm and diameters of 0.4 cm, 0.6 cm, and 0.8 cm were compared by assessing insertion
depth and the volume of mucus collected. The mucus volume within the catheters was calculated using
the cylinder volume formula:

V=nxr2xh (D

where:

V — the volume of the contents;

T — a constant approximately equal to 3.14;

r — the radius of the catheter lumen,;

h — the height of the column of collected mucus.

For these measurements, cows (n=100) were randomly selected into 5 groups depending on the days
in milk: Group I, cows (n = 20) at 10-20 days in milk; Group II, cows (n = 20) at 21-30 days in milk;
Group III, cows (n = 20) at 31-60 days in milk; Group IV, cows (n = 20) at 61-90 days in milk; and
Group V, cows (n = 20) at >91 days in milk.

To evaluate the effectiveness of the prototype diagnostic reagents, a comparative analysis of
diagnostic methods for uterine diseases was performed. These included clinical methods (rectal and
vaginal examination) and laboratory methods (Whiteside test, cytologic examination, and the prototype
diagnostic reagents for the visual diagnostic test kit).

Rectal examination was used to assess uterine position, size, consistency, and rigidity, as well as
the condition of the uterine horns and body; particular attention was paid to uterine wall thickening,
fluctuation, asymmetry of the horns, and pain on palpation. Indicators of uterine disease were considered
to include uterine enlargement, uneven wall consistency, and the presence of fluctuation [16].

Vaginal examination included inspection of the mucosa and cervix and collection of CVM. The collected
discharge samples were placed in a sterile container with a screw-cap lid, and CVM was evaluated according
to a test card for diagnosing the physiologic status of the reproductive tract in cows [17].

The Whiteside test of CVM was performed by placing 1 mL of CVM into a glass test tube, followed
by addition of 1 mL of 5% sodium hydroxide solution. The resulting mixture was heated over an alcohol
burner to boiling and then cooled under running tap water. An animal was considered diseased if the
tube contents turned lemon yellow; in clinically healthy animals, the tube contents did not change [18].

For cytologic evaluation of CVM, mucus samples were collected using Minitube cytology brushes
(Minitube GmbH, Germany), and smears were stained using the Romanowsky-Giemsa method. In
each smear, 200-300 cells were counted at 1000 x magnification using an Olympus CX41 microscope
(Olympus Corporation, Japan). Smears were evaluated by quantifying epithelial cells and leukocytes,
specifically polymorphonuclear neutrophils (PMNs) [19].

The first prototype diagnostic reagent for the visual diagnostic test kit for uterine diseases in cows
was based on a method for the visual diagnosis of acute and chronic uterine disorders in cows [20].
Using this prototype, a CVM sample was collected, and the free end of the catheter was sealed with a
cap. Next, 1 mL of a 10% hydrogen peroxide solution and 1 mL of a 0.01% methylene blue solution were
sequentially introduced into the mucus through the catheter lumen. An animal was classified as diseased
if foam formation and discoloration of the device contents occurred; in clinically healthy animals, no
foam formation was observed and the contents retained their original color [21].

As the second prototype diagnostic reagent for the visual diagnostic test kit for uterine diseases in
cows, a 10% hydrogen peroxide solution and a 0.03% 4-chloro-1-naphthol solution were used. The
procedure was performed analogously to that of the first prototype. An animal was classified as diseased
if foam formation occurred and the device contents turned dark gray; in clinically healthy animals, foam
formation did not occur or was minimal, and the color of the contents remained unchanged.

To determine the clinical effectiveness of diagnostic methods for uterine diseases in cows, sensitivity
(Sens.), specificity (Spec.), diagnostic accuracy (Acc.), positive predictive value (PPV), and negative
predictive value (NPV) were calculated using the following formulas [22]:
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TP
Sens.= ——— 2)
TP + FN
where:
Sens. — sensitivity;
TP — number of true positive samples;
FN — number of false negative samples.
s TN G)
ec.= ———
PEC=FP TN
where:
Spec. — specificity;
TN — number of true negative samples;
FP — number of false positive samples.
Acc.=Sens.xPrev.xSpec.x(1-Prev.) (4)
where:
Acc. — diagnostic accuracy;
Sens. — sensitivity;
Prev. — prevalence;
Spec. — specificity.
PPV = Sens.X Prev. 5
~ Sens.x Prev.+(1 — Spec.) X (1 — Prev.) )
where:
PPV — positive predictive value;
Sens. — sensitivity;
Prev. — prevalence;
Spec. — specificity.
Spec.x (1 — Prev.
NPV P ( ) (6)

- (1 — Sens.) X Prev.+ Spec.x (1 — Prev.)

where:

NPV — negative predictive value;

Spec. — specificity;

Prev. — prevalence;

Sens. — sensitivity.

This study used a combined reference in the form of vaginal examination and cytology. To avoid
incorporation bias, the performance of the vaginal examination was evaluated against a composite
reference excluding vaginal examination, and the performance of the cytology was evaluated against a
composite reference excluding cytology.

Diagnostic parameters obtained when using the visual diagnostic test were determined using
standard metric measurements and descriptive statistical methods. The evaluated parameters included
foam height and the time to color change of the catheter contents.

Statistical analyses were performed using Jamovi (The jamovi project, version 2.7.6) and MedCalc
(MedCalc Software Ltd, version 23.4.8) [23, 24]. The statistical analysis was predominantly descriptive.
Continuous (quantitative) variables were summarized as the mean and standard deviation (M + SD); the
standard deviation was calculated using the standard sample formula and used as the primary measure
of variability. Diagnostic performance was assessed using 2x2 contingency tables (true positives, false
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positives, false negatives, and true negatives) against the reference diagnosis (clinical examination
combined with cytology), with calculation of sensitivity, specificity, diagnostic accuracy, and the
positive (PPV) and negative (NPV) predictive values. All hypothesis tests were two-sided, and results
were considered statistically significant at P < 0.05.

Results

To determine the catheter specifications for CVM collection for the visual diagnostic test kit for
uterine diseases in cows, 40 cm catheters with diameters 0of 0.4 cm, 0.6 cm, and 0.8 cm were used. Catheter
insertion depth was measured using a ruler placed inside the catheter, and the volume of collected mucus
was calculated using the cylinder volume formula. The measurement results are presented in Table 1.

Table 1. Determination of catheter length and diameter for a visual diagnostic test kit for uterine
diseases in cows at different days in milk

Group Clinical D=0.4 cm D=0.6 cm D=0.8 cm
no. status I, cm V, mL 1, cm V, mL 1, cm V, mL
I diseased | 30.1+0.53 [0.97+0.04| 31.8+0.42 [ 1.12+0.06 | 29.5+0.61 | 0.95+0.02
(10-20 | clinically | 24.73+£0.32 |0.51+0.05[25.68+0.39 | 0.71+0.04 | 23.4+0.44 | 0.63 +0.04
d.m.) healthy
1 diseased | 27.5+0.55 |0.95+0.04| 283+0.63 | 1.16+0.06 | 27.3+0.65 | 0.97 +0.05
(21-30 | clinically | 21.8+0.4 [0.52+0.03| 224405 | 0.69+0.05 | 21.5+0.64 | 0.62 = 0.04
d.m.) healthy
11 diseased | 23.5+0.56 |0.88+0.05| 24.4+0.35 [ 1.01+0.05 | 22.5+0.34 | 0.91 +0.05
(31-60 | clinically | 20.1+0.61 |0.49+0.03 [ 202+0.76 | 0.65+0.04 | 19.3+0.82 | 0.57+0.05
d.m.) healthy
v diseased | 23.4+0.65 |0.76+0.05]|24.47+0.75| 1.01+0.03 | 22.5+0.43 | 0.85+0.03
(61-90 1" clinically | 18.21+0.21 |0.45+0.06 [ 18.53£0.26 | 0.61 +0.06 [17.81+1.29| 0.51 +0.05
d.m.) healthy
\% diseased | 21.75+0.82 | 0.71+0.03 |22.85+1.31 [ 0.98+0.02 [21.47+0.92| 0.76 + 0.03
(=91 clinically | 17.75+0.43 [0.45+0.05[18.06+0.33 [ 0.59+0.04 | 17.4+0.56 | 0.47 +0.04
d.m.) healthy

The data in Table 1 show that, across all groups and for all catheter diameters, the mean insertion
depth was statistically significantly greater in diseased animals (P < 0.05) than in clinically healthy
animals. In Group I, when using a catheter with a 0.6-cm diameter, the insertion depth into the vagina up
to the cervix was 31.8 + 0.42 cm in diseased cows, whereas it was 25.68 + 0.39 cm in clinically healthy
cows. A similar trend was observed for the volume of collected CVM samples, with values in diseased
animals being 1.5-2.0 times higher than those in clinically healthy animals.

When analyzing data from cows with uterine disease, a catheter with a diameter of 0.6 cm —
particularly at 10-60 days in milk — enabled collection of the largest volume of CVM compared with
catheters of 0.4 cm and 0.8 cm. This may be attributable to mucus viscosity and catheter lumen patency:
a 0.4 cm catheter may become occluded, whereas a 0.8 cm catheter may generate insufficient negative
pressure for aspiration.

These results indicate that the initially selected catheter length of 40 cm for the CVM sampling
device is sufficient for aspiration of the contents, and that the optimal catheter diameter is 0.6 cm, which
allows collection of an adequate amount of CVM for analysis.

The next stage of the study was to compare the clinical effectiveness of diagnostic methods for
uterine diseases in cows at different days in milk. For this purpose, clinical and laboratory diagnostic
methods were used, including the prototype diagnostic reagents for the visual diagnostic test for uterine
diseases in cows. The results are presented in Table 2.
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Table 2. Clinical effectiveness of diagnostic methods for uterine diseases in cows at different days
in milk (n=65)

Days in milk Diagnostic method Diagnostic performance metrics (%)
Sens. Spec. Acc. PPV NPV
Rectal examination 94.7 333 86.4 90.0 50.0
Vaginal examination 94.7 75.0 91.3 94.7 75.0
Whiteside test 42.9 50.0 44 .4 75.0 20.0
1020 Cytology 44 .4 100.0 54.6 100.0 28.6
Prototype 1 94.1 100.0 95.0 100.0 75.0
Prototype 2 84.2 100.0 86.4 100.0 50.0
Rectal examination 66.7 66.7 66.7 66.7 66.7
Vaginal examination 83.3 83.3 83.3 83.3 83.3
Whiteside test 333 25.0 28.6 25.0 333
21-30 Cytology 333 100.0 66.7 100.0 60.0
Prototype 1 83.3 100.0 91.7 100.0 85.7
Prototype 2 60.0 100.0 75.0 100.0 60.0
Rectal examination 16.7 57.1 38.5 25.0 44.4
Vaginal examination 66.7 85.7 76.9 80.0 75.0
Whiteside test 75.0 25.0 50.0 50.0 50.0
31-60 Cytology 333 100.0 62.5 100.0 53.6
Prototype 1 83.3 100.0 91.7 100.0 85.7
Prototype 2 80.0 100.0 90.9 100.0 85.7
Rectal examination 50.0 85.7 77.8 50.0 85.7
Vaginal examination 66.7 71.4 70.0 50.0 83.3
Whiteside test 50.0 50.0 50.0 50.0 50.0
61-90 Cytology 50.0 100.0 88.9 100.0 87.5
Prototype 1 85.7 100.0 91.7 100.0 83.3
Prototype 2 50.0 75.0 66.7 50.0 75.0
Rectal examination 25.0 87.5 66.7 50.0 70.0
Vaginal examination 333 87.5 72.7 50.0 77.8
01 Whiteside test 50.0 50.0 50.0 50.0 50.0
- Cytology 333 100.0 75.0 100.0 71.4
Prototype 1 80.0 100.0 87.5 100.0 75.0
Prototype 2 50.0 50.0 50.0 50.0 50.0
Rectal examination 65.7 73.3 69.2 74.2 64.7
Vaginal examination 79.4 86.7 82.8 87.1 78.8
Whiteside test 53.9 40.0 47.8 53.9 40.0
Total Cytology 405 | 1000 | 66.7 | 100.0 | 56.7
Prototype 1 90.3 100.0 94.2 100.0 87.5
79.3 83.3 80.9 88.5 71.4
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According to the data in Table 2, the highest diagnostic performance parameters were observed
for Prototype 1 of the visual diagnostic test: sensitivity (Sens.) 90.3%, specificity (Spec.) 100.0%,
diagnostic accuracy (Acc.) 94.2%, positive predictive value (PPV) 100.0%, and negative predictive
value (NPV) 87.5%. This method exceeded vaginal examination in diagnostic accuracy by 11.4%
and exceeded Prototype 2 of the visual diagnostic test kit by 13.3%. Cytology demonstrated absolute
specificity (100.0%) and positive predictive value (100.0%); however, it showed low sensitivity
(40.5%), which resulted in moderate diagnostic accuracy (66.7%) and a limited negative predictive
value (56.7%). Among the clinical diagnostic methods in cows, vaginal examination showed the most
balanced performance metrics (sensitivity 79.4%, specificity 86.7%, diagnostic accuracy 82.8%);
rectal examination was inferior to vaginal examination across all effectiveness parameters, by 13.7%
in sensitivity, 13.4% in specificity, and 13.6% in diagnostic accuracy. The Whiteside test was the least
clinically effective diagnostic method, underperforming Prototype 1 of the visual diagnostic test kit by
36.4% in sensitivity, 60.0% in specificity, and 46.4% in diagnostic accuracy.

Based on the stratified analysis, a pronounced dependence of several diagnostic methods on days in
milk was identified. At 10-20 days in milk, clinical diagnostic methods demonstrated high sensitivity
(Sens. 94.7%); however, for rectal examination, specificity was 41.7% lower than that of vaginal
examination, with a diagnostic accuracy of 86.4%. Vaginal examination showed a more balanced
sensitivity/specificity profile (94.7%/75.0%) and high diagnostic accuracy (91.3%). During the same
period, sensitivity of Prototype 1 and Prototype 2 was 94.1% and 84.2%, respectively, and diagnostic
accuracy was 95.0% and 86.4%, respectively, with absolute specificity (100.0%). In contrast, cytological
examination, despite also showing absolute specificity (100.0%), had low sensitivity (44.4%) and
diagnostic accuracy (54.6%). The Whiteside test exhibited the lowest diagnostic informativeness among
the methods evaluated.

During the 21-30 days in milk, vaginal examination showed stable sensitivity, specificity, and
diagnostic accuracy values of 83.3%, exceeding rectal examination by 16.6% for these parameters.
Sensitivity of Prototype 1 was higher than that of Prototype 2 by 23.3% (83.3% vs 60.0%, respectively),
and diagnostic accuracy was higher by 16.7% (91.7% vs 75.0%), while maintaining absolute specificity
(100.0%). During this period, cytological examination demonstrated absolute specificity (100.0%);
however, as in the previous time interval, it had low sensitivity (33.3%) and diagnostic accuracy
(66.7%). The Whiteside test was non-informative during this postpartum interval (Sens. 33.3%, Spec.
25.0%, Acc. 28.6%).

Beginning in the 31-60 days in milk, the informativeness of clinical diagnostic methods declined
substantially: sensitivity, specificity, and diagnostic accuracy for rectal examination were 16.7%, 57.1%,
and 38.5%, respectively. In contrast, vaginal examination yielded higher sensitivity (+50.0%), specificity
(+28.6%), and diagnostic accuracy (+38.4%) than rectal examination. During this interval, Prototype 1
and Prototype 2 showed the highest sensitivity and diagnostic accuracy (Sens. 83.3% and 80.0%; Acc.
91.7% and 90.9%, respectively) while maintaining absolute specificity (100.0%). Cytology results in
this period were similar to those observed at 21-30 days in milk: despite absolute specificity (100.0%),
sensitivity was 33.3% and diagnostic accuracy was 62.5%. The Whiteside test demonstrated relatively
high sensitivity (75.0%) but low specificity and diagnostic accuracy (25.0% and 50.0%, respectively).

During the 61-90 days in milk, clinical diagnostic methods showed moderate performance. Sensitivity
of vaginal examination (66.7%) exceeded that of rectal examination by 16.7%, whereas specificity
of rectal examination (85.7%) was higher than that of vaginal examination by 14.3%, and diagnostic
accuracy (77.8%) was higher by 7.8%. Prototype 1 exhibited the highest diagnostic performance in
this period and markedly outperformed Prototype 2: sensitivity of Prototype 1 (85.7%) was higher than
that of Prototype 2 by 35.7%, and specificity (100.0%) and diagnostic accuracy (91.7%) were each
higher by 25.0%. Cytology during this period also demonstrated absolute specificity (100.0%); although
sensitivity remained low (50.0%), diagnostic accuracy was the highest across all time intervals (88.9%).
The Whiteside test was of limited informativeness, as in the previous intervals (Sens., Spec., and Acc.
each 50.0%).

In the latest period (=91 days in milk), clinical rectal and vaginal diagnostic methods were
characterized by high specificity (87.5%) and moderate diagnostic accuracy (66.7% and 72.7%,
respectively), but low sensitivity (25.0% and 33.3%). In this period, Prototype 1 was the most effective
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diagnostic method, with sensitivity of 80.0%, specificity of 100.0%, and diagnostic accuracy of §7.5%,
which were 30.0%, 50.0%, and 37.5% higher, respectively, than those of Prototype 2. Cytology showed
diagnostic performance similar to that in the previous period; however, sensitivity decreased by 16.7%
and diagnostic accuracy by 13.9%. The clinical effectiveness of the Whiteside test did not change
compared with the previous interval, and the method remained of limited informativeness.

Thus, considering overall diagnostic performance and the stability of results across days in milk
intervals, Prototype 1 of the visual diagnostic test kit was the most effective. Among the clinical
methods, vaginal examination was the most informative. Cytological examination provided maximal
specificity but had low sensitivity and moderate diagnostic accuracy. The Whiteside test exhibited the
lowest diagnostic informativeness across postpartum periods.

The next stage of the study was to determine the diagnostic parameters of the developed visual
diagnostic test kit for uterine diseases in cows. For this purpose, during CVM testing, foam height (cm)
and the time to color change of the catheter contents (min) were measured in both diseased and clinically
healthy animals. The measurement results are presented in Table 3.

Table 3. Determination of diagnostic parameters of the visual diagnostic test kit for uterine diseases
in cows (n = 45)

Clinical course of uterine disease n Reaction readout

foam height (cm) time to color change of catheter
contents (min)

Clinically healthy animals 15 0.22+0.42 255+3.5
Acute 15 17.5+10.1 3.5+0.35
Chronic 15 5.62 +3.93 4.5+0.45

According to Table 3, clinically healthy animals exhibited a minimal reaction when the visual
diagnostic test for uterine disease was applied, characterized by negligible foam formation (0.22 + 0.42
cm) and the longest time to color change of the catheter contents (25.5 + 3.5 min), reflecting low reaction
intensity in the absence of pathology. In contrast, animals with uterine disease showed an accelerated
color change: 3.5 £+ 0.35 min in acute cases and 4.5 + 0.45 min in chronic cases. These findings indicate
a clear separation between diseased and clinically healthy animals based on the time parameter, which
was markedly reduced in the presence of pathology.

With respect to foam formation, the highest value was observed in acute cases (17.5 + 10.1 cm),
whereas in chronic cases the value was substantially lower (5.62 +3.93 cm). In clinically healthy animals,
foam formation was virtually absent, indicating that foam height reflected not only the presence or
absence of pathology but also gradation by clinical course: the most pronounced reaction corresponded
to acute disease, whereas a moderate reaction was characteristic of chronic disease.

Collectively, these data indicate that the developed visual diagnostic test kit produces a characteristic
reaction pattern depending on the animals’ clinical status: clinically healthy animals show no foam or
only minimal foam formation with a prolonged time to color change (Figure 1a); chronic disease is
characterized by moderate foam formation with rapid color change (Figure 1b); and acute disease is
characterized by abundant foam formation and the fastest color change of the catheter contents
(Figure Ic).
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a — clinically healthy animal; b — chronic course; ¢ — acute course
Figure 1. Results of using the test for visual diagnosis of uterine diseases in cows

Discussion

Uterine diseases in cows, particularly metritis and endometritis of various forms, remain among the
leading causes of deteriorated herd reproductive performance and reduced cow productivity, while the
severity of clinical signs becomes «attenuated» as time postpartum increases [25, 26]. This factor drives
demand for rapid diagnostic methods that meet the following requirements: ease of use under on-farm
conditions and the ability to screen the herd for uterine disease, thereby reducing the time from diagnosis
to initiation of potential treatment when pathology is detected [27, 28].

When using the visual diagnostic test for uterine diseases in cows, two diagnostic criteria were
selected: an animal was considered diseased if foam formation exceeded 1 cm and discoloration of the
catheter contents occurred within 4 min. This approach yields high specificity because it requires the
simultaneous presence of two visual reaction indicators, thereby reducing the likelihood of false-positive
results when pathology is absent and helping to minimize unjustified costs and production losses [29].

The obtained reaction parameter data in diseased and clinically healthy animals confirm the validity
of the selected approach: in clinically healthy cows, the reaction was virtually absent (foam 0.22 + 0.42
cm; discoloration within 25.5 + 3.5 min), whereas acute disease showed a distinct reaction pattern (foam
17.5£10.1 cm; discoloration within 3.5 = 0.35 min) and chronic disease was associated with a moderate
reaction (foam 5.62 + 3.93 cm; discoloration within 4.5 + 0.45 min). The more moderate reaction
observed in chronic cases is consistent with the literature, which indicates that chronic or subclinical
uterine disease is characterized by less pronounced or absent clinical signs, thereby necessitating more
sensitive markers or adjustment of diagnostic parameters [25, 30].

Comparative analysis of the diagnostic performance of methods for detecting uterine disease in
cows showed that Prototype 1 (10% H,O, + 0.01% methylene blue) of the visual diagnostic test provided
the most stable effectiveness metrics: overall sensitivity reached 90.3%, specificity 100.0%, diagnostic
accuracy 94.2%, PPV 100.0%, and NPV 87.5%. Notably, the specificity of Prototype 1 remained
at 100.0% regardless of days in milk, which is critically important for on-farm screening because it
minimizes unnecessary therapeutic interventions. In contrast, Prototype 2 (10% H,O, + 0.03% 4-chloro-
1-naphthol) ultimately showed more variable performance, with sensitivity of 79.3%, specificity of
83.3%, and diagnostic accuracy of 80.9%; a trend toward reduced performance was observed in later
postpartum intervals, declining to 50.0% for all parameters at >91 days in milk. This may indicate lower
reaction robustness or greater dependence on mucus composition as the inflammatory profile changes
over the course of disease. Such postpartum-period dependence is conceptually consistent with the
notion that the pathogenesis and manifestations of inflammatory uterine disease differ by clinical course
(acute, chronic, and subclinical) and, consequently, that a universal marker or diagnostic feature may
behave differently across postpartum time points [31, 32].
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With respect to clinical diagnostic methods, the following pattern was observed: vaginal examination
showed a higher overall performance profile (Sens. 79.4%, Spec. 86.7%, Acc. 82.8%) compared with
rectal examination (Sens. 65.7%, Spec. 73.3%, Acc. 69.2%). The effectiveness of clinical methods for
diagnosing uterine disease in cows was maximal in the early postpartum period (10-20 days in milk),
which is consistent with literature reporting more overt clinical signs during the acute course of uterine
disease [25, 33].

In our study, cytological examination demonstrated maximal specificity (100.0%) with relatively low
sensitivity (40.5%), which is consistent with available literature describing cytology as a highly specific
tool for diagnosing uterine disease [34]. In our study, cytology was used specifically as a high-specificity
reference method, whereas the developed test was intended as a screening approach designed to identify
a larger number of disease cases while maintaining a low false-positive rate. Population-based studies
emphasize the need for a multimodal diagnostic strategy, as some animals may be negative based on
clinical findings yet positive on cytology; a combined approach provides a more objective assessment
of herd-level disease prevalence [32, 35].

It should be noted that for methods based on assessment of vaginal discharge or cervicovaginal mucus,
a standardized sampling procedure is essential. Comparative studies have shown that the diagnostic
performance of different discharge assessment approaches (Metricheck and vaginal speculum) differs
in sensitivity and specificity despite similar diagnostic workflows [36]. Therefore, the objective of
determining the device parameters for the visual diagnostic test helped reduce sample variability, which
in turn improved the accuracy of the study.

From a practical perspective, the results suggest that the visual diagnostic test aligns with a cow-
side diagnostic approach: it is rapid, reproducible, highly specific, and provides an easily interpretable
readout. For example, reagent strip-based tests and leukocyte esterase assays are also positioned as rapid
diagnostic methods that enable assessment of inflammatory status under on-farm conditions without
laboratory infrastructure [28]. From the standpoint of commercial dairy production, a test with high
sensitivity and specificity could potentially reduce the proportion of undiagnosed uterine disease cases,
which is important for preserving herd reproductive performance. This is critical because reproductive
system disorders are associated with both a lower probability of achieving pregnancy and a higher risk
of gestational pathologies in breeding animals [37].

Based on the study results, the proposed visual diagnostic test for uterine diseases in cows can
be integrated into on-farm diagnostic protocols for the breeding herd as a rapid, reproducible, and
accurate diagnostic method, enabling timely diagnosis and implementation of necessary therapeutic and
preventive measures. Subsequently, it is planned to validate the developed test on a larger number of
animals on other dairy farms in Kazakhstan.

Conclusion

A test kit was developed for the visual diagnosis of uterine diseases in cows at different days in milk,
based on collection of cervicovaginal mucus and detection of an inflammation biomarker via a chemical
reaction. The visual diagnostic test kit for uterine diseases in cows includes a graduated catheter (40 cm
in length and 0.6 cm in diameter), a 50- pL syringe, a coupling for attaching the syringe to the catheter, a
protective cap for the free end of the catheter, and two 5-pL syringes containing the diagnostic reagents.
When two reagent formulations were compared, Prototype 1 (10% H,O, + 0.01% methylene blue) was
preferred over Prototype 2 (10% H,O, + 0.03% 4-chloro-1-naphthol) and demonstrated high diagnostic
performance (sensitivity 90.3%, specificity 100.0%, diagnostic accuracy 94.2%). The established
criterion for a positive test result (foam formation >1 c¢cm and discoloration of the catheter contents
within 4 min) ensured unambiguous result interpretation and high test specificity. Based on clinical trial
results, the visual diagnostic test demonstrated high diagnostic effectiveness relative to a composite
reference standard (clinical signs plus cytology findings), supporting its use for screening the breeding
herd at different postpartum time points.
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Abstract

Background and Aim. Wild ungulates are a vital component of Kazakhstan’s biodiversity,
encompassing 12 species occupying diverse ecological niches. However, the current structure and
epizootiological significance of their parasite fauna remain insufficiently synthesized. This review aims
to summarize the contemporary data on parasitic diversity in wild ungulates across Kazakhstan, analyze
its host associations, and identify key ecological and epidemiological patterns.

Materials and Methods. A systematic literature search was conducted in Scopus, Web of Science,
and RSCI databases, as well as Kazakhstani peer-reviewed journals. Keywords in Kazakh, English, and
Russian included the following terms: wild ungulates, parasite diversity, host-parasite relationships,
epidemiology, Kazakhstan. The timeframe covered publications from 1989 to 2026, with earlier
foundational works included for baseline comparisons. From 120 initially identified sources, 50 peer-
reviewed publications were selected after screening.

Results. The parasite fauna exhibits high species richness, with a clear predominance of geohelminths
over biohelminths and primary localization in the digestive tract. Dozens of helminth species have been
recorded in key hosts, including saiga (Saiga tatarica), argali (Ovis ammon), maral (Cervus elaphus
sibiricus), roe deer (Capreolus pygargus), Siberian ibex (Capra sibirica), and goitered gazelle (Gazella
subgutturosa). The community structure is complex, showing a significant overlap between host species.
Critically, a substantial proportion of parasites are shared between wild and domestic animals, indicating
active cross-species transmission in both natural and anthropogenically transformed ecosystems.

Conclusion. The parasitic communities of wild ungulates in Kazakhstan are characterized by structural
complexity and extensive faunal exchange with livestock, highlighting significant epidemiological risks.
These findings underscore the necessity for continuous epizootiological monitoring and the development
of integrated control strategies to mitigate the impact of parasitic infections on both wildlife conservation
and livestock health.

Keywords: wild ungulates; parasite fauna; biodiversity; systematic review.

Introduction

Wild ungulates represent a crucial component of the natural and cultural heritage of Kazakhstan,
and their conservation is of key importance for maintaining biodiversity and ecosystem stability. The
country's natural biocenoses are inhabited by 12 species of ungulates representing various taxonomic
groups and ecological niches. In this regard, their comprehensive study, including the analysis of parasite
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fauna, holds significant scientific importance for understanding the functioning of ecosystems in Asia
and adjacent regions.

The territory of Kazakhstan is characterized by pronounced landscape and climatic heterogeneity,
ranging from arid deserts and semi-deserts to steppe, forest-steppe, and mountainous ecosystems [1].
Such environmental diversity determines the distribution, migration patterns, and population density of
wild ungulates, including key species such as saiga (Saiga tatarica), argali (Ovis ammon), Siberian ibex
(Capra sibirica), maral (Cervus elaphus sibiricus), roe deer (Capreolus pygargus), and goitered gazelle
(Gazella subgutturosa) [2—4]. These hosts form complex ecological networks and serve as reservoirs for
a wide range of parasitic organisms with different life cycles and transmission strategies [5].

Parasites are an integral component of natural ecosystems and play a significant role in regulating
host population dynamics, structuring communities, and maintaining ecological balance. At the same
time, parasite—host interactions in wild ungulates are of considerable applied importance, as many
helminths, protozoa, and arthropod ectoparasites are shared between wild and domestic animals [6].
This overlap facilitates pathogen circulation across wildlife-livestock interfaces, contributing to the
emergence and persistence of epizootic and zoonotic diseases. In regions with intensive pastoralism,
which is typical for Kazakhstan, such interactions are especially pronounced due to overlapping grazing
areas and seasonal movements of animals [7].

Despite the recognized importance of parasite fauna in wild ungulates, available data for
Kazakhstan remain fragmented and are often limited to individual host species, specific regions, or
particular taxonomic groups of parasites. Earlier studies reported a high diversity of helminths, with a
predominance of geohelminths and a primary localization in the gastrointestinal tract. However, recent
environmental changes, including climate variability, anthropogenic pressure, and transformation of
natural landscapes, may significantly affect parasite diversity, transmission pathways, and host-parasite
relationships [8].

In addition, advances in molecular biology have substantially expanded the possibilities for studying
parasite fauna, allowing for more accurate species identification, detection of cryptic taxa, and clarification
of phylogenetic relationships. The integration of classical parasitological approaches with molecular-
genetic methods provides new insights into the structure and dynamics of parasite communities in
wild ungulates and enhances the reliability of epidemiological assessments. While individual aspects
of wildlife parasitology in the region have been addressed in specific contexts, a unified, large-scale
synthesis has historically been lacking.

This manuscript represents the first comprehensive, multi-host systematic review dedicated
exclusively to the parasite fauna of wild ungulates across the entire territory of Kazakhstan. Unlike
previously published regional reports or species-specific papers that focused restrictedly on isolated host
populations, this study uniquely consolidates fragmented, long-term national data with contemporary
global findings.

By evaluating these integrated data through the lens of the global One Health concept and climate-
driven ecosystem shifts, this review aims to summarize existing knowledge on the diversity, host
associations, and ecological features of parasite fauna in wild ungulates of Kazakhstan. Furthermore, it
establishes an unprecedented analytical framework to evaluate potential risks associated with parasitic
infections at the wildlife-livestock—human interface, highlight critical research gaps, and outline
strategic priorities for future veterinary biosecurity and wildlife conservation in Central Asia.

Materials and Methods

The review is devoted to the study of the parasitic fauna of wild ungulates in Kazakhstan. Among
wild caprine bovids in Kazakhstan, representatives of the genera Saiga, Capra, and Ovis are found. The
only representative of the genus Saiga is the saiga antelope, alongside which the Siberian ibex (Capra
sibirica), as well as urial and argali (Ovis spp.), inhabit. On the territory of Kazakhstan, three populations
of saiga are distinguished — the Ural, Ustyurt, and Betpak-Dala populations, which emphasizes its wide
geographical distribution. According to aerial survey data, the saiga antelopes population demonstrates
a stable positive trend: in 2023 it exceeded 1.9 million individuals, in 2024 it amounted to 2,833,600
individuals, and in 2025 it reached 3.9—4.1 million individuals [9-11].
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The Siberian ibex is distributed in the mountain systems of the Tien Shan, the Zhetysu (Dzungarian)
Alatau, and the Southern Altai; its population is estimated at 15 000-20 000 individuals. Among wild
sheep, rare and protected forms are of particular importance. The Ustyurt urial is listed in the Red Book
of Kazakhstan, as are subspecies of argali (Ovis ammon ammon, O. ammon nigrimontana, O. ammon
collium, O. ammon karelini), whereas O. ammon severtzovi is likely extinct. The Ustyurt mouflon (O.
vignei arkal) also inhabits Kazakhstan. The total number of argali is about 19 thousand individuals, with
significant populations concentrated in the State National Nature Park “Altyn-Emel” and the “Almaty
State Nature Reserve” [12, 13].

The only representative of gazelles is the goitered gazelle (Gazella subgutturosa), listed in the
Red Book of Kazakhstan. Its population is about 15 thousand individuals, including approximately 5.5
thousand in the State National Nature Park “Altyn-Emel” [14, 15].

The family Cervidae is represented by three genera — Cervus, Capreolus, and Alces. The red deer
(Cervus elaphus), including the Altai maral (C. elaphus sibiricus), is widely distributed in mountainous
regions, whereas the Bukhara deer (C. elaphus bactrianus) is a rare species (about 1140 individuals).
The total number of red deer is about 13 thousand individuals [14, 16]. The Siberian roe deer (Capreolus
pygargus) reaches about 100 thousand individuals and is distributed throughout the country.

Among perissodactyls, the Turkmenian kulan (Equus hemionus kulan) is noted, with a population
of about 4.1 thousand individuals, as well as Przewalski's horse, maintained under reintroduction
conditions [14].

Thus, the diversity of hosts [17] creates the prerequisites for the formation of complex parasitic
systems.

Correspondingly, the parasite fauna of wild ungulates is characterized by high species richness and a
complex structure. According to studies by K.K. Baitursinov [18, 19], conducted in 1983-2007, various
species of wild animals were examined using the method of complete helminthological dissection. A
wide distribution of nematodes of the family Trichostrongylidae, including the genera Trichostrongylus,
Ostertagiella, Nematodirus, Marshallagia, and Nematodirella, was established.

Studies conducted in the West Kazakhstan region (Ural population) revealed that saiga antelopes are
infested with a range of helminth species. Coproscopic examinations identified four helminth species:
Oesophagostomum venulosum, Trichuris skrjabini, Nematodirus gazellae, and Moniezia expansa, as
well as oocysts of the protozoan Eimeria elegans / E. manafovae. In addition to these findings, other
studies in the same region have reported four additional nematode species belonging to four different
genera: Ostertagia ostertagi (intensity: 18.2 worms per host), Cooperia onchophora (17.3), N. spathiger
(35.2), and Trichostrongylus axei (12.8). These intensity values indicate a moderate to high level of
infection in this population compared with other regions of Kazakhstan [20-23].

An analysis of climatic, natural, and anthropogenic factors affecting seasonal patterns of helminth
infestation has shown that environmental conditions play a crucial role in the survival and transmission
of helminth larvae. The main source of helminth infestation in saiga populations is watering sites, where
larvae accumulate and remain viable under favourable conditions. Therefore, the creation of additional,
ecologically safe watering points and the greening of surrounding areas are recommended as practical
measures to reduce infection rates and improve the health status of wild ungulate populations. As a result
of contacts between wild and domestic animals, pathogen exchange and helminth circulation among
different animal species can occur in the West Kazakhstan region. Consequently, it can be hypothesized
that saiga antelopes of the Ural population may contribute to the maintenance of helminth foci in the
region, but direct evidence of parasite transmission from saigas to livestock under natural conditions is
not yet available. Further molecular epidemiological studies are needed to confirm the directionality of
cross-species transmission [24-26].

Regarding to domestic scientists works in 2014-2017 of the total number of parasite species
recorded across all wild ungulate hosts in Kazakhstan (73 species), the distribution by host species
was as follows: in saiga antelope — 34 species (46.6%); in argali — 28 species (38.6%); in maral — 17
species (21.9%); in roe deer — 14 species (17.8%); in wild boar, Siberian ibex, and kulan — 10 species
each (13.7% each); in Ustyurt urial — 9 species (12.3%); in moose — 6 species (8.2%); and in goitered
gazelle — 4 species (5.5%). Among all recorded parasite species, 30 (41.1%) belong to biohelminths and
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43 (58.9%) to geohelminths. Most parasite species are localized in the digestive tract. Studies of maral
(2015-2017) revealed 11 parasite species, including M. expansa, O. venulosum, Capillaria bovis, T.
skrjabini, Bunostomum phlebotomum, N. spatiger, Haemonchus contortus, Strongylata sp., as well as E.
robusta, E. gallivalerioi, and E. cervi. The prevalence of infection ranged from 33.17 to 100% [27-34].

According to data by 4. Smagulova et al. [35], a wide spectrum of gastrointestinal parasites was
identified in wild ungulates, including Dama dama, O. ammon collium, Cervus elaphus, C. pygargus,
Alces alces, O. ammon, Saiga tatarica, Bos mutus, and O. gmelina; these included strongylid-type eggs,
Eimeria, Trichuris, Nematodirus, Capillaria, and Dicrocoelium lanceolatum. The highest prevalence
of infection was noted in D. dama (66.6%), whereas S. tatarica recorded the highest mean intensity
of infection; meanwhile, 4. alces, O. ammon, and C. pygargus were characterized by a relatively low
prevalence (less than 15%) and moderate intensity of infection (approximately 4—5 helminths per
infected host).

Among 36 examined wild ungulates, infection was identified in 3 animals: Taenia multiceps was
found in 2 out of 25 roe deer (C. pygargus) with cysts localized in the femoral muscle, and 7aenia
hydatigena was identified in 1 out of 9 moose (4. alces) with cysts localized in the liver. Both of the 2
examined red deer were free from cysticercosis [36].

In four out of seven moose examined in the Akmola and Kostanay regions, third-stage larvae of
Cephenemyia ulrichii were discovered [37].

In the studies of F.D. Akramova et al. [38], the presence of 26 helminth species was established in
wild ungulates. Similar infection rates have been identified in Northwestern Uzbekistan [39—42]. In the
biogeocenoses of Karakalpakstan, the artiodactyl fauna is represented by five wild ungulate species: Sus
scrofa nigripes (wild boar), C. elaphus bactrianus (Bukhara deer), G. subgutturosa (goitered gazelle),
S. tatarica (saiga antelope), and O. orientalis arcal (arkal sheep). A total of 26 helminth species were
identified in these hosts, belonging to the classes Cestoda (6 species), Trematoda (2 species), and
Nematoda (18 species). The species composition varied by host: wild boar harbored 14 helminth species,
Bukhara deer — 11, saiga antelope — 13, and goitered gazelle — 14. Common parasites shared among these
ungulate species included representatives of the genera Taenia, Echinococcus, Fasciola, Schistosoma,
Gongylonema, and Setaria. Based on their life cycles, the identified helminths can be divided into
two ecological groups: monoxenous (direct life cycle, without intermediate hosts) and heteroxenous
(requiring one or more intermediate hosts). Monoxenous species included representatives of the families
Trichosephalidae (3 species), Trichostrongylidae (2 species), Dictyocaulidae (2 species), Syphaciidae
(1 species), and Ascarididae (1 species). Heteroxenous development, involving obligatory intermediate
hosts, was characteristic of 18 species, including 6 cestodes, 2 trematodes, and 10 nematodes. The high
proportion of heteroxenous species emphasizes the importance of intermediate host communities in
maintaining parasite transmission in this arid region [43].

Studies conducted in the Caucasus revealed a high prevalence of mixed protostrongylid infections in
wild and domestic ruminants, with roe deer and tur showing the highest helminth diversity and infection
rates due to extensive migration and frequent contact with livestock pastures. The dominant lung
nematodes included Protostrongylus hobmaeri, P. kochi, and Muellerius capillaris, particularly in tur
populations. Infection intensity and prevalence were influenced by season, altitude, host ecology, and
mollusk abundance. Wild ungulates occupying mountain pastures shared numerous helminth species
with sheep and goats, suggesting active parasite exchange between wildlife and domestic animals across
the Caucasus region [44, 45].

Discussion

Detailed summaries by species are of particular importance [26]. In the goitered gazelle, 21 species
of helminths have been registered, including Fasciola hepatica, Avitellina centripunctata, Multiceps
multiceps (larvae), Taenia hydatigena (larvae), Taenia sp., Haemonchus longistipes, Marshallagia
marshalli, Nematodirella gazelli, Nematodirus dogieli, N. gazellae, N. mauritanicus, N. oiratianus,
N. spathiger, Ostertagiella circumcincta, O.occidentalis, Parabronema skrjabini, Setaria labiato-
papillosa, Skrjabinema ovis, Skrjabinodera saiga, Trichuris skrjabini, Trichuris sp., and Trichinella
spiralis.
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Taxon-specific distribution, geographic localization, and diagnostic methods of major parasites
identified in wild ungulates of Kazakhstan

Host Species Parasite Representative Parasite Geographic Primary
Taxonomic Species / Genera / Regional Diagnostic
Group Distribution Methods
Saiga antelope | Nematoda, Nematodirus gazellae, West Kazakhstan | Coproscopy,
(Saiga tatarica) | Cestoda, Oesophagostomum (Ural population), | complete
Protozoa venulosum, Trichuris Betpak- helminthological
skrjabini, Moniezia expansa, | Dala, Ustyurt dissection,
Ostertagia ostertagi, Eimeria | ecosystems Molecular (PCR)
elegans
Argali Nematoda, Fasciola hepatica, Tien Shan, Complete
(Ovis ammon) | Cestoda, Dicrocoelium lanceatum, Zhetysu Alatau, | helminthological
Trematoda Marshallagia marshalli, National Park dissection,
Protostrongylus hobmaieri, “Altyn-Emel” morphological
Echinococcus granulosus identification
(larvae)
Altai maral Nematoda, Moniezia expansa, Capillaria | East Kazakhstan | Coproscopic
(Cervus elaphus | Cestoda, Protozoa | bovis, Haemonchus contortus, | region, profiling,
sibiricus) Eimeria robusta, Eimeria mountainous post-mortem
cervi zones diagnostics
Siberian roe deer | Nematoda, Dicrocoelium lanceatum, Widespread Morphological
(Capreolus Cestoda, Capreocaulus capreol, throughout analysis,
pyvgargus) Trematoda Dictyocaulus eckerti, Taenia | Northern, Molecular tissue
multiceps (larvae) Central, screening (PCR)
and Eastern
Kazakhstan
Siberian ibex | Nematoda, Cystocaulus vsevolodovi, High-altitude Complete
(Capra sibirica) | Cestoda, Neostrongylus zvetkovi, systems of Tien | helminthological
Trematoda Protostrongylus kochi, Shan and Altai dissection,
Spiculocaulus austriacus mountains larvoscopy
Goitered gazelle | Nematoda, Haemonchus longistipes, Arid deserts, Coproscopy,
(Gazella Cestoda, Nematodirella gazelli, National Park historical baseline
subgutturosa) | Trematoda Parabronema skrjabini, “Altyn-Emel” dissections
Skrjabinodera saiga
Moose Nematoda, Taenia hydatigena (larvae), Northern Morphological
(Alces alces) Cestoda, Diptera | Cephenemyia ulrichii (larvae) | Kazakhstan diagnostic
(Arthropoda) (Akmola and keys, Molecular
Kostanay barcoding
regions) (COI gene)

Overall, in the argali, 47 species of helminths were identified, including Fasciola hepatica,
Dicrocoelium lanceatum, Taenia hydatigena (larvae), Multiceps multiceps (larvae), Moniezia benedeni,
M. alba, Parabronema skrjabini, Skrjabinema ovis, Chabertia ovina, Trichostrongylus colubriformis,
T. probolurus, Ostertagia ostertagi, O. occidentalis, O. circumcincta, O. orloffi, O. trifida, O. trifurcata,
Marshallagia marshalli, M. mongolica, M. schumakovitschi, Haemonchus contortus, N. abnormalis,
N. archari, N. dogieli, N. oiratianus, N. spathiger, Dictyocaulus filaria, Protostrongylus hobmaieri,
P. skrjabini, P. davtiani, P. raillieti, Spiculocaulus leuckarti, Cystocaulus ocreatus, Trichuris
ovis, T. skrjabini, Capillaria sp., Setaria labiato-papillosa, N. gazellae, Nematodirella gazelli, N.
longissimespiculata, Taenia ovis (larvae), Echinococcus granulosus (larvae), Ostertagiella davtiani,
and Muellerius capillaris.

In the Siberian roe deer, 22 species were identified, including Dicrocoelium lanceatum, Moniezia
expansa, Taenia cervi (larvae), T. hydatigena (larvae), Capreocaulus capreoli, Chabertia ovina,
Dictyocaulus eckerti, Haemonchus contortus, Marshallagia marshalli, N. filicollis, N. oiratianus, N.
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spathiger, Ostertagiella circumcincta, O. occidentalis, O. trifurcata, Parabronema skrjabini, Setaria
capreola, Spiculocaulus austriacus, Trichuris skrjabini, Trichostrongylus colubriformis, T. probolurus,
and T. vitrinus.

In the Siberian ibex, 28 species were registered, including Dicrocoelium lanceatum, Moniezia
benedeni, Multiceps multiceps (larvae), M. skrjabini (larvae), Taenia hydatigena (larvae), Cystocaulus
vsevolodovi, Marshallagia marshalli, M. mongolica, M. schumakovitschi, Nematodirus abnormalis,
N. dogieli, N. filicollis, N. oiratianus, N. spathiger, N. sugatini, Neostrongylus zvetkovi, Ostertagia
ostertagi, Ostertagiella circumcincta, O. occidentalis, Protostrongylus davtiani, P. dikmansi, P. kochi,
P. raillieti, Skrjabinema ovis, Spiculocaulus austriacus, S. leuckarti, S. orloffi, and Trichuris skrjabini.

In saiga antelopes, 49 helminth species have been recorded, of which 16 are common to all
populations, including Taenia hydatigena (larvae), Avitellina centripunctata, Skrjabinema ovis,
Ostertagiella occidentalis, Marshallagia marshalli, M. mongolica, Trichuris skrjabini, as well as
additionally Echinococcus granulosus (larvae), Protostrongylus skrjabini, Trichostrongylus axei, T.
probolurus, Haemonchus contortus, N. abnormalis, N. gazellae, N. mauritanicus and Nematodirella
longissimespiculata.

In natural biocenoses adjacent to areas of developed livestock breeding, active exchange of parasites
between wild and domestic animals is observed.

A commonality of helminth fauna has been noted between saiga antelopes and sheep, argalis and
sheep, ibexes and sheep, goitered gazelles and small ruminants, and kulans and horses. Among coccidia,
representatives of the genus Eimeria are widely distributed, including E. robusta, E. gallivalerioi, and E.
cervi, which are detected in various species of ungulates with high infection intensity [47, 48].

The overlap of parasite fauna between wild and domestic ungulates translates into specific risks.
Trichostrongylidae nematodes, prevalent in saiga and argali [18-22], can reduce weight gain and milk
production in sympatric livestock. Fasciola hepatica and Dicrocoelium lanceatum, documented in argali
and goitered gazelle [26, 35, 38], cause liver condemnation and economic losses. From a public health
perspective, E. granulosus (hydatid cysts) in saiga and argali [38, 46] poses a zoonotic risk via infected
dogs, while Trichinella spiralis in goitered gazelle [26] threatens consumers of undercooked game
meat. These findings suggest that wildlife parasitology should be integrated into national veterinary
surveillance, particularly at wildlife—livestock interfaces. Despite the substantial amount of accumulated
data, modern studies remain limited. This is due to the labor-intensive nature of helminthological
research, difficulties in accessing habitats, and restrictions on sampling protected species.

Conclusion

The conducted analysis of literature data on the parasite fauna of wild ungulates in Kazakhstan
demonstrates that it is characterized by high species richness, a complex structure, and a significant
degree of overlap with parasites of domestic animals. This review summarizes information on 12 host
species inhabiting various landscape and climatic zones, ranging from deserts to mountain ecosystems.
The most parasitologically studied species proved to be the saiga antelope (S. fatarica), argali (O. ammon),
maral (C. elaphus sibiricus), roe deer (C. pygargus), Siberian ibex (C. sibirica), and goitered gazelle
(G. subgutturosa).

It has been established that geohelminths predominate in the parasite fauna (58.9%) over
biohelminths (41.1%), with the gastrointestinal tract being the primary site of parasite localization.
The widest spectrum of helminth species was recorded in the saiga antelope (49 species) and argali (47
species), reflecting both the ecological characteristics of these hosts and their higher level of study. A
high degree of helminth fauna commonality between wild and domestic ruminants has been revealed,
indicating the formation of a unified parasitic system driven by shared use of pastures and watering sites,
as well as the ongoing reduction of natural wildlife habitats.

At the same time, the available data suggest a possible decline in parasite species diversity in the
natural biocenoses of Kazakhstan, although direct long-term comparative studies are lacking. This
potential trend may be related to anthropogenic ecosystem transformation, climate change, and host
population fragmentation, but the current evidence remains circumstantial. Further targeted monitoring
is required to confirm whether species richness is genuinely decreasing or whether apparent differences
reflect uneven sampling effort over time [49].
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Consequently, the conservation of wild ungulate biodiversity in Kazakhstan is impossible without
regular monitoring of their parasite fauna [50]. Priority directions for future research should include:
(1) systematic surveys of all key host species across all major populations using standardized protocols;
(2) integration of classical and molecular genetic diagnostic methods; (3) assessment of climate change
and anthropogenic pressure impacts on parasite community structure; and (4) development of predictive
models for epizootic risks at the wildlife—livestock—human interface. Addressing these tasks will not
only expand fundamental knowledge on the functioning of natural foci but also provide a scientifically
sound basis for conservation strategies of vulnerable species and for the control of parasitic diseases in
a changing environment.
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Abstract

Background and Aim. The global agri-food system is facing systemic challenges driven by climate
change, depletion of land and water resources and increasing demand for animal protein. Productive
horse breeding represents a strategically important, environmentally sustainable pathway for diversifying
the meat market. The aim of this study is to provide a comprehensive analysis of the current state of
horse breeding and horse meat production in the Republic of Kazakhstan, including an assessment of
the veterinary and sanitary, environmental, and biological factors affecting the quality, nutritional value
and safety of horse meat products.

Materials and Methods. The study was based on statistical data, analytical reports and published
scientific literature addressing various aspects of horse breeding and horse meat production.

Results. The conducted analysis demonstrates that global productive horse breeding is on the
threshold of a conceptual shift. The present review advances a fundamentally new position: horse meat
should be considered not merely as an ethnocultural niche or a marginal regional specialty, but as a
strategically important, environmentally sustainable protein system of global significance.

Conclusion. From the perspective of the One Health systems concept, horse breeding and horse
meat production are regarded as an interconnected system linking animal health, human health and
environmental health. Contemporary approaches to the sustainable development of the industry require
the consideration of environmental, veterinary and sanitary, and biological factors that affect the safety
and quality of the products. The study identified key methodological and infrastructural limitations that
impede the development of the sector and highlighted the role of horse meat as a strategic source of
protein in addressing global food security challenges.

Keywords: animal protein; food security; horse meat; One Health; productive horse breeding; review.

Introduction

The modern structure of global food security system is undergoing fundamental transformations.
According to long-term macroeconomic forecasts, aggregate global demand for animal-origin products
continues to demonstrate a steady upward trend through 2034 (Food and Agriculture Organization,
2025). In this multifactorial context, the horse meat markets represents a unique segment, evolving from
a local traditional product of nomadic cultures to the status of a functional superfood [1].
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Historically, horse meat played a central role in the diets of the Eurasian steppe populations.
Archaeological and genetic evidence indicates that the early domestication of horses in the settlements
of the Botai culture on the territory of modern Kazakhstan (around 3500 BC) was accompanied by the
active use of their meat and milk [2]. Today, this product attracts close attention from the global scientific
community. Studies published in leading journals such as Meat Science, Animals, and Toxins have
demonstrated that the meat of equids possesses exceptional nutritional properties: a high concentration
of heme iron, an optimal ratio of polyunsaturated fatty acids and high dietary value [3, 4, 5, 6].

The significance of this study lies in the need for a comprehensive assessment of the current state of
horse breeding, the factors influencing the quality and safety of horse meat products, and the development
of evidence-based approaches to improving the competitiveness of the domestic horse meat industry.

Today, the Republic of Kazakhstan is at the forefront of the development of this sector. The domestic
market is demonstrating historic records of horse meat consumption [7].

Current literature sources indicate a growing interest in horse meat as a high-protein and dietary
product with high nutritional and biological value. Moreover, the ambitious Comprehensive Livestock
Development Plan for 20262030 approved by the Government of the Republic of Kazakhstan provides
an institutional basis for doubling exports of domestic meat [8].The aim of this study is to conduct
a comprehensive analysis of the current state of horse breeding and horse meat production in the
Republic of Kazakhstan, including an assessment of the veterinary and sanitary, environmental, and
biological factors affecting the quality, nutritional value, and safety of horse meat products.The research
novelty of the study lies in its comprehensive examination of the sector from veterinary and sanitary,
environmental, and biological perspectives, as well as in the integration of contemporary approaches to
ensuring food security and promoting the sustainable development of horse breeding within the context
of the modernization of the country's agro-industrial sector.

At the same time, the current state of horse meat production requires further improvement of
veterinary and sanitary control, food safety monitoring systems, and the implementation of international
quality standards and product traceability systems.

Materials and Methods

This review article was prepared based on a bibliographic search of scientific publications retrieved
from electronic databases such as Google Scholar, PubMed, Web of Science and Scopus, as well as
reports and statistical data from international sources such as FAOSTAT and the analytical platform
ReportLinker.

Taking into account various aspects of the study, the results were divided into categories in
accordance with the following approaches: the global meat market and the positioning of horse meat,
macroeconomic patterns of international trade, assessment of the current state and development prospects
of horse breeding, shifts in consumer behavior and nutraceutical characteristics of horse meat, including
its dietary profile, which has a beneficial effect on human health.

The analysis also covered regional studies in the field of veterinary and sanitary control, characterizing
the influence of environmental and biological factors on the quality, nutritional value and safety of horse
meat.

Particular attention was paid to the limitations of molecular genetic research, the potential of genomic
selection (GBLUP), as well as the transition from descriptive toxicology to a conceptual assessment of
risks associated with exposure to xenobiotics.

Results

1. The global meat market and the positioning of horse meat: A macroeconomic analysis

1.1. Leading producing countries and production dynamics

Global horse meat production demonstrates a high degree of concentration in the countries of the
Asian region and Latin America. An analysis of aggregated data from FAOSTAT and the analytical
platform ReportLinker makes it possible to identify the states that determine the architecture of global
supply [11, 12].

Although poultry and pork account for the largest share of consumed animal protein, horse meat
occupies a niche but important position. Its production is considered a more environmentally sustainable
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alternative to beef due to lower methane emissions per unit of output [1]. The world’s modern horse meat
market is characterized by structural and trade asymmetry, where the production center is shifted to the
countries of Asia and South America, whereas mostadded value is generated in the importing countries
of the European Union [9]. Global production is concentrated in several countries, among which China
(generating 24.3% of the global volume) and Kazakhstan (19.8%) dominate. In contrast, the largest net
importers, shaping pricing policy, are Italy and Belgium, with the latter serving as a key logistical hub
for the distribution of imported Latin American raw materials throughout Europe (Figure) [10].

This imbalance means thatproducing countries (such as Mongolia, accounting for 10.4% of
production) often remain at the lower end of the value-added curve, acting exclusively as suppliers of
low-cost raw materials [9].

However, the available data remain limited due to the opacity of transnational supply chains and
insufficient statistical accounting in developing countries. The main limitation of current economic
research is the lack of empirical models assessing the impact of non-tariff barriers on pricing. At the
macroeconomic level, such asymmetry means that without the creation of strong domestic clusters of
deep processing, producing countries will continue to lose economic rent in favor of European transit
hubs.
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FAOSTAT statistics and the analytical platform ReportLinker indicate a decline in horse slaughter
volumes in the countries of the Americas and Australia. At the same time, the countries of Central and
East Asia demonstrate accelerated growth. Kazakhstan ranks second globally and demonstrates one of
the highest CAGR rates (+3.17%), being surpassed in growth rate only by Mongolia (+6.26%) [11, 12].

1.2. The structure of international trade: Export-import flows

In 2024, the total volume of global horse meat trade experienced a correction due to logistical
constraints in Europe. Nevertheless, the market maintains a clear division of roles between exporters
and high-valueimporters.

Italy holds the leading position in imports (23,237,219 kg; 142,178,974 USD), significantly
surpassing Belgium (11,935,024 kg; 60,285,965 USD) and Japan (4,677,055 kg; 35,395,333 USD).
Switzerland is characterized by high unit prices despite relatively low volumes, which indicates a
premium segment, while the Netherlands demonstrates moderate volumes at comparatively low unit
values. The key exporters are Mongolia, Poland, Spain and Argentina [13].

1.3. Sociocultural determinants of consumption

The perception of horse meat varies from being a food taboo to being regarded as a delicacy.
The studies conducted among chefs in France have identified several profiles: from “conservatives”
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to “pragmatists,” who consider horse meat as a sustainable alternative to beef due to its low carbon
footprint and high nutritional value [14, 15].

2. Integration into the global Halal market

For Kazakhstan, oriented toward exports to the countries of the Middle East and Southeast Asia,
compliance with Halal standards is critically important. The Halal meat market is in a phase of
accelerated expansion [16, 17]. In Islamic law (Figh), the majority of scientists recognize horse meat as
fully permissible (halal). This is based on authentic hadiths. According to these reports, during the time
of Prophet Muhammad, his companions consumed horse meat. This provides religious justification for
the production and export of Kazakhstani horse meat to global Muslim markets [18].

3. Kazakhstan as a strategic production model

The Republic of Kazakhstan serves as an illustrative model for analyzing the potential and barriers
of commercial horse breeding. The country possesses significant territorial resources and shows rapid
growth in domestic consumption. However, its integration into the global export market is constrained
by structural inefficiencies. The industry exhibits pronounced fragmentation of the value chain: large
agricultural holdings, due to economies of scale, achieve profitability levelsof 18-22%, while numerous
small producers demonstrate profitability not exceeding 5-8% [19].

This profitability gaplimits the scalability of production and reduces overall competitiveness. This
divergence can be explained by dependence on imported feed additives, a shortage of modern processing
infrastructure and the absence of consolidated cooperative linkages among farmers. The transition
from an exclusive focus on domestic consumption to export expansion requires the implementation
of integrated cluster models (such as the “Kaz Meat Cluster” project), that are capable of mitigating
transaction costs. Strategically, this means that the success of the Kazakhstani model will depend not
on a simple increase in livestock numbers, but on the technological modernization of the entire logistics
chain “from farm to table” [20].

4. Nutritional value and functional properties

The biochemical profile of horse meat is characterized by a high content of easily digestible protein
and micronutrients with a minimal level of lipids compared to beef and pork [21, 22]. The crude protein
content is approximately21.1%, which is comparable to beef. However, intramuscular fat content
ranges from only 2.0% to 6.0%. The baseline cholesterol index in horse meat is also at a nutritionally
favorable level of 50-61 pg /100 g. Of particular value is the profile of micronutrients responsible for
hematopoiesis: the concentration of heme iron in horse meat can reach 34.21 ng/100 g, which radically
exceeds the indicators of beef (on average 2.50 ng/100 g) and pork (17.42 ng/100 g) [23, 24].

However, published data on the precise nutritional value of horse meatoften vary. This inconsistency
can be explained by the influence of heterogeneous factors, such as the age of the animal, breed, type of
muscle tissue studied and feeding system. The main limitation of modern reviews is the extrapolation
of data obtained from isolated regional populations to the entire species. The biochemical density of
horse meat and its high iron content indicate its high potential not simply as a source of basic calories,
but as a specialized functional product for the correction of iron-deficiency and metabolic conditions in
high-risk populations.

5. Lipidomics and health implications

The lipid profile of horse meat is of significant scientific interest due to the specific features of
equine digestion (a monogastric digestive system with hindgut fermentation in the cecum), which allow
the absorption of polyunsaturated fatty acids (PUFAs) from pasture grasses without complete bacterial
biohydrogenation, characteristic of ruminant animals [21]. Horse meat is distinguished by a high protein
content and a low level of intramuscular fat. Meat from pasture-raised horses is characterized by an
optimal ratio of Omega-6 to Omega-3 fatty acids, while the absolute content of cardioprotective alpha-
linolenic acid (Omega-3) reaches 1.4%, which significantly exceeds the indicators of beef (0.1%) and
pork (0.6%). At the same time, the concentration of linoleic acid is about 11.1%, forming a favorable
PUFA: SFA index at the level of 0.29. From a physiological perspective, such a lipid profile may
contribute to a reduced atherogenic risk, making horse meat an anti-inflammatory component of the diet
[25, 26,27, 28, 29].

Despite these biochemical advantages, the clinical evidence base remains fragmented. Most
conclusions about the health benefits of horse meat are based on the extrapolation of in vitro properties
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of individual identified fatty acids, rather than on long-term dietary interventions. A critical limitation is
the lack of controlled randomized clinical trials in humans that could reliably confirm the epidemiological
advantages of regular horse meat consumption compared to conventional types of red meat [5].

5.1. Micronutrients and vitamins

Horse meat has been reportedto contain a high level of retinol (30 vs. 12 or 5 ug/100 g) and a lower
niacin content(1.6 vs. 5.9 or 5.7 mg/100 g) compared to beef and pork, respectively. The riboflavin
content in horse meat was similar to that in beef and pork (0.21 vs. 0.19 or 0.16 pg/100 g), respectively.
The thiamine content in horse meat was higher than in beef but lower than in pork (0.20 vs. 0.07 or 0.56
ng/100 g), respectively. The bright color of horse meat is due to the high concentration of myoglobin
and heme iron, which has high bioavailability. In addition, by-products (bones) are a rich source of
calcium and phosphorus, which creates prospects for the production of dietary supplements [3].

6. Toxicology, ecotoxicology and biological safety

Access to international markets is strictly regulated by biological and ecotoxicological standards
regulating the levelsof heavy metals, radionuclides and pesticides.

6.1. Biological safety: The problem of sarcocystosis

A key threat to export (especially to Japan, where basashi, a dish made from raw horse meat, is
popular) is infection with the parasite Sarcocystis fayeri. This intracellular parasite produces an actin-
depolymerizing factor (ADF), which is a potent enterotoxin causing severe food poisoning [30, 31].

In addition to sarcocystosis, a serious threat to animal health and the quality of the obtained meat is
posed by parascaridosis. According to recent studies by scientists of the NJSC “Shakarim University”
conducted on indigenous horses of the Zhabe breed, this parasitic invasion has a pronounced negative
impact on the physiological condition of animals. It has been established that infection significantly
reduces key hematological indicators: the hemoglobin level decreases by 23.5-36% and a decrease
in the number of erythrocytes, total protein and glucose is also recorded, which directly worsens the
development and well-being of the animal [31].

6.2. Ecotoxicological assessment: heavy metals, pesticides, and radionuclides

In the context of environmental safety, the most important aspect is the ecotoxicological monitoring
of'horse meat produced in various regions of Kazakhstan. The studies show that the level of accumulation
of xenobiotics in the muscle tissue of herd-raised horses directly depends on the industrial and historical
specifics of the grazing region.

A detailed regional analysis published in Veterinary World in 2026 showed that levels of
anthropogenic contamination vary by region. Exceedance of maximum permissible concentrations
(MPC) for cadmium (Cd) was recorded in horse meat samples at the level of 0.105 + 0.015 pg/kg. The
industrial Karaganda region proved to be the most susceptible to contamination with toxic elements,
where exceedances of MPC for lead (Pb), cadmium (Cd), copper (Cu), and zinc (Zn) were recorded in
almost all types of meat. In the Akmola region, exceedances for copper were noted in beef, lamb and
horse meat, as well as locally for cadmium in horse meat (Shortandy district). At the same time, in the
Abai region, exceedance of MPC in meat was detected exclusively for cadmium [33].

According to the conducted study, beef samples from various zones of the Semipalatinsk nuclear
test site in most cases comply with organoleptic standards, however, the presence of small amounts of
radioactive substances may lead to their accumulation in the body, thereby causing various pathological
changes in organs and tissues. The conducted studies indicate the need to strengthen radiation monitoring
and to prioritize radioisotope analysis in assessing the safety of meat products [34].

7. The domestic market of Kazakhstan: macrostatistics and breeding

In 2025, Kazakhstan updated historical records of horse meat consumption. In the fourth quarter,
consumption reached 2.35 kg per capita and by the end of the year it was 7.63 kg. The share of horse
meat in the meat consumption of the people of Kazakhstan increased to 9%, driven by faster growth in
beef prices [7].

As of January 1, 2026, the highest annual growth is observed in poultry farming (+7.6%), as well as
in horse breeding (+6.7%), which indicates the most dynamic development of these sectors. Moderate
growth rates are recorded for cattle (+3.2%) and for sheep and goats (+2.2%), which indicates stable but
less intensive development of these areas. The lowest growth is observed in pig farming (+1.0%), which
indicates slower rates of expansion of this sector compared to other types of livestock [37].
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7.1. Zootechnical, physicochemical and organoleptic indicators of horse meat of Kazakhstani breeds

According to the data of the Food and Agriculture Organization of the United Nations (FAO DAD-
IS), 8 horse breeds are officially registered in Kazakhstan: Kushum, Mugalzhar, Kostanay, Akhal-
Teke, Aday, Kazakh, Zhabe (an intra-breed type of the Kazakh breed) and Karabair [35]. Each of these
breeds possesses its own unique zootechnical profile. Nevertheless, it is the indigenous breeds and
their derivatives that form the basis of the country’s meat balance due to year-round pasture-based
management [36].

The meat-and-dairy direction of horse breeding in Kazakhstan is represented by the Mugalzhar and
Kushum breeds, that characterized by high live weight (up to 656 kg) and a slaughter yield of up to 60%,
as well as by the Kazakh breed (Zhabe type), that distinguished by high adaptability and the ability to
obtain forage by digging through snow (tebenevka). The Aday and Karabair breeds possess combined
productivity and satisfactory working qualities. The Kostanay and Akhal-Teke breeds are primarily
oriented toward sporting use, and their meat productivity is of secondary importance [19, 35, 36, 38, 39,
40]. Scientific breeding makes it possible to significantly improve the physicochemical and organoleptic
parameters of horse meat from indigenous horses while preserving its exceptional dietary value [41].

The horse meat is characterized by high nutritional value due to its significant protein content,
favorable amino acid and fatty acid profile, as well as a reduced level of undesirable lipid fractions.
Organoleptic indicators vary depending on the anatomical localization of muscles, but, in general, good
characteristics of tenderness and color parameters are noted, which confirms its high quality as a food
product (Table) [42].

Physicochemical and organoleptic indicators of horse meat (indigenous and improved breeds of the
Republic of Kazakhstan)

No Category

Characteristics / Research base

Values
20.0% - 24.0% (High
protein density against
the background of
low intramuscular fat
content)

1.85% - 3.46%
(under pasture-based
management). This
is significantly lower
than in lamb (about
8%) and beef (up to
9.6%)

20 amino acids
identified (9
essential). L-lysine,
L-glutamic acid,

and L-aspartic acid
predominate. High
EAA/NEAA index

Indicator

Mass fraction of
protein

General population of
local breeds

Trans fatty acids Pasture-raised

(TFA)

1 Physicochemical

Amino acid profile Kazakh horse (in

various muscles)

Fatty acid profile

19 acids identified
(8 saturated, 7
monounsaturated,
4 polyunsaturated).
Optimal n-6/n-3
PUFA ratio

Kazakh horse
(Semitendinosus
muscle)
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Table continued

Tenderness The maximum Kazakh horse
degree of tenderness
(reduction in shear
force) is observed in
the lumbar muscle
2 Organoleptic Psoas major (PM)

he lightness (L*) Kazakh horse
value is highest in the
Longissimus dorsi;
the redness (a*) value
is maximal in the
diaphragm

Discussion

8. Integration of the “One Health” concept

The “One Health” paradigm postulates an inseparable, mechanistic link between environmental
conditions, animal health and human well-being. In the context of horse breeding, this concept describes
strict cause-and-effect cascades: the state of the environment (soil degradation, industrial pollution)
directly determines the toxicological safety of the feed base [33]. The quality of feed and climatic
stressors modulate the immune status of the animal, which increases its susceptibility to zoonotic
infections and accelerates the bioaccumulation of heavy metals.

The consumption of contaminated meat closes this chain, transmitting the accumulated toxicological
and microbiological risks directly to the human population. This creates a negative feedback loop, where
anthropogenic climate change depletes pasture resources, which steadily reduces animal resilience,
and consequently, the quality of food products. This cascade pathway implies that ensuring food and
epidemiological safety is impossible without the primary ecological remediation of agrobiocenoses.
However, empirical data confirming these interconnections remain fragmented due to the fact that
veterinary supervision, environmental monitoring, and healthcare services function in institutional
isolation.

9. Research gaps and future directions

A critical analysis of the existing literature reveals several fundamental gaps that hinder the
systemic transformation of the industry. First, there is a lack of international standardization in research
methodologies, from muscle sampling protocols to analytical chemistry calibrations, which makes
reliable meta-analyses difficult. Second, a critical shortage of genomic and transcriptomic data persists;
the absence of dense reference SNP panels for meat-oriented horses completely blocks the application
of marker-assisted selection. Third, the macroeconomic analytics of the global market suffers from weak
granularity, failing to account for the impact of informal sectors of the economy on pricing. Finally,
there is no harmonized international toxicological regulation that takes into account the specifics of the
physiology and metabolism of heavy metals in the horse organism. Eliminating these institutional and
methodological gaps should become the main priority for international research consortia in the coming
decade.

Conclusion

This review demonstratesdemonstrates that global productive horse breeding is on the threshold of
a conceptual shift. The present review advances a fundamentally new position: horse meat should be
considered not merely as an ethnocultural niche or a marginal regional specialty, but as a strategically
important, environmentally sustainable protein system of global significance.

Documented nutritional advantagessuch as record levels of heme iron, an ideal amino acid profile
and enrichment with omega-3 polyunsaturated fatty acids make it a valuable dietary product.

The rational use of this resource offers a real mechanism for reducing the carbon intensity of the meat
industry while simultaneously providing the population with high-quality micronutrients. Nevertheless,
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the realization of this macroeconomic potential is impossible without critically overcoming current
barriers. The industry requires the urgent integration of advanced genomic selection tools (GBLUP),
the implementation of precision mathematical models for managing toxicological risks (EDI, THQ),
and the restructuring of disproportionate trade chains. At all stages of the integration process, the
implementation of the HACCP system is substantiated as an integral part of veterinary and sanitary
examination, ensuring the identification and control of biological, chemical, and physical risk factors
and guaranteeing the safety of products of animal origin.

Kazakhstan possesses significant potential for the further development of horse breeding. The sector
is increasingly recognized not only as a traditional branch of animal husbandry but also as a promising
source of environmentally sustainable and nutrient-rich meat products. In this context, government
support, the modernization of livestock production systems and the growing focus on product quality
and export potential create favorable conditions for the industry's long-term sustainable development.

Further development of the sector should be based exclusively on the strict interdisciplinary paradigm
of “One Health,” which will ensure the necessary balance between the intensification of the agrarian
economy, the preservation of fragile steppe ecosystems, and the long-term protection of human health.
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Abstract

Background and Aim. Monkeypox virus has recently re-emerged as one of the most significant
zoonotic pathogens and a major global public health concern. Due to its genetic and antigenic similarity
to other members of the Orthopoxvirus genus, the use of model viruses is essential for the development
of vaccines and diagnostic approaches. In this context, Vaccinia virus is widely regarded as a key model
system for Orthopoxvirus research and is extensively used in the development of vaccines and diagnostic
tools. The aim of this study was to determine the optimal conditions for the cultivation of vaccinia virus.

Materials and Methods. Vaccinia virus was cultivated in Vero, HelLa, and LK cell lines. Viral
replication activity was evaluated based on cytopathic effect observed in cell cultures and the level
of viral biological activity. In addition, the effects of fetal bovine serum concentration, multiplicity of
infection, and incubation temperature on viral replication were investigated. For each parameter, the
efficiency of viral propagation was comparatively analyzed to determine optimal cultivation conditions.

Results. The results demonstrated that the highest level of viral replication was observed in HeLa
cells. The optimal infection dose for efficient viral propagation was determined to be 0.00369 TCIDso/
cell. Furthermore, 2% fetal bovine serum was sufficient to ensure stable and efficient viral growth. The
most favorable incubation temperature was 37 °C, which supported the maintenance of viral biological
activity.

Conclusion. The optimized cultivation conditions identified in this study enable efficient biomass
production of vaccinia virus. These findings provide an important scientific basis for further fundamental
and applied research on Orthopoxviruses, including the development of vaccines and diagnostic systems.

Keywords: cultivation parameters; biological activity; Orthopoxvirus; vaccinia virus; temperature.

Introduction

Monkeypox is a zoonotic infectious disease caused by the monkeypox virus, a member of the
genus Orthopoxvirus. The virus demonstrates a high degree of genetic homology with other clinically
significant Orthopoxviruses, including variola virus, vaccinia virus, and cowpox virus [1]. Members
of the Orthopoxvirus genus are characterized by their high pathogenic potential for both humans and
animals, represent a continuing concern for public health and veterinary medicine.
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Historically, variola virus, the causative agent of smallpox, was responsible for widespread epidemics
over several centuries, leading to significant morbidity and mortality worldwide. Following the global
vaccination campaign, smallpox was officially declared eradicated in 1980 [2]. Nevertheless, the continued
existence of related Orthopoxviruses in natural animal reservoirs sustains the risk of zoonotic transmission,
and sporadic epizootic and zoonotic cases are still reported in endemic regions [3].

Initially, the zoonotic nature of monkeypox was identified in the Democratic Republic of the
Congo, whereas evidence of human-to-human transmission was subsequently reported in Abia State in
southeastern Nigeria [4, 5]. By the end of the 20th century, the epidemiological profile of monkeypox
had expanded, and the first documented fatal cases were recorded [6]. In the early 21st century, the
geographic spread of the virus extended to a transcontinental level, with confirmed cases reported in
the United States and the United Kingdom [7, 8]. In 2022, outbreaks of the disease were reported
across multiple countries within the European Union [9, 10], prompting the World Health Organization
(WHO) to declare monkeypox a Public Health Emergency of International Concern. This decision
was prompted by the spread of the infection beyond previously endemic regions and the need for a
coordinated global response [11].

Vaccinia virus historically played a crucial role in the eradication of variola virus, which induces
a robust immune response and enabled the interruption of smallpox transmission [12]. Based on this
virus, first-generation vaccines such as Dryvax and Lister were developed in the mid-20" century,
making a decisive contribution to global vaccination campaigns and the eventual eradication of variola
virus [13]. A later improved vaccine, ACAM2000, demonstrates high immunogenicity; however, its
use is limited by safety concerns, as it is a replication-competent virus [14]. Next-generation vaccines,
including JYNNEOS and MVA-BN, based on the modified vaccinia Ankara strain, are characterized by
strong immunogenicity and improved safety profiles, allowing their use even in immunocompromised
individuals. Notably, the JYNNEOS vaccine has demonstrated high efficacy in the prevention of
monkeypox [15].

In addition, vaccinia virus antigens are widely used in the diagnosis of monkeypox. Several studies
have demonstrated that vaccinia virus antigens exhibit high sensitivity in detecting the humoral immune
response induced by monkeypox virus infection [16—18]. Moreover, neutralizing antibodies generated
against vaccinia virus have been shown to effectively neutralize monkeypox virus in neutralization
assays [19].

Cell culture systems and cultivation conditions for vaccinia virus propagation have been previously
described in the scientific literature [20-22]. Therefore, the significance of the present study lies in the
investigation of the cultural properties of the vaccinia virus strain in order to obtain a highly biologically
active viral suspension for further application in the development of diagnostic methods.

Thus, the presented data indicate that vaccinia virus represents an important biological agent in the
context of biosafety related to Orthopoxvirus infections. Accordingly, the maintenance, cultivation, and
investigation of this virus are of significant importance for scientific research.

The aim of this study was to select an optimal system and parameters for the cultivation of vaccinia virus.

Materials and Methods

Refreshing of the museum strain

In the first stage of the study, vaccinia virus was passaged in lamb kidney (LK) cell culture. Cells
were grown in 25 cm? culture flasks using Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum, antibiotics (penicillin, 100 IU/mL; streptomycin, 100 png/mL), and 1%
L-glutamine. Prior to infection, the cell monolayer was washed with phosphate-buffered saline (PBS),
after which a virus-containing suspension was added, and adsorption was carried out at 37 °C for 1 h.
Subsequently, maintenance medium (DMEM containing 2% serum) was added, and the cultures were
incubated at 37 °C in a humidified atmosphere with 5% CO,,.

A total of three consecutive passages of the virus were performed as cytopathic effects (CPE)
developed, with daily microscopic monitoring of their progression.

Selection of cell cultures and optimization of vaccinia virus cultivation conditions

In order to select the most suitable cell line providing efficient viral replication, both continuous
and primary trypsinized cell cultures maintained at the Laboratory of Cell Biotechnology (RIBSP) were
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used. The study employed African green monkey kidney (Vero), human cervical carcinoma (HeLa), and
lamb kidney (LK) cell lines.

The susceptibility of cell cultures to the virus was assessed by infecting monolayers of Vero, HeLa,
and LK cells, followed by incubation at 37 °C in a 5% CO, atmosphere for 5 days, with daily microscopic
observation of the development of CPE. To optimize infection conditions, cells were infected at doses
ranging from 0.000369 to 3.69 TCIDso/cell, and the effects of temperature (33 = 0.5 °C, 36.5 + 0.5 °C,
and 39 + 0.5 °C) and serum concentration (2.5%, 10%) on the development of viral infection.

Determination of the biological activity of the viral strain under study

The infectious activity of the virus was determined by cell culture titration. The infectious titer was
calculated using the Reed and Muench method and expressed in Ig TCIDso/cm®.

Statistical analysis of data

Statistical analysis of the data was performed using GraphPad Prism software. Differences between
groups were evaluated and considered statistically significant at p < 0.05.

Results

Vacciniavirus was passaged sequentially in LK cell culture to assess the dynamics of CPE development
and viral adaptation to the cellular system. During cultivation, daily microscopic observations were
performed to monitor the condition of the cell monolayer and the degree of morphological changes.

During the first passage, CPE was weakly expressed and minimal within the initial 1-2 days. By
day 4, CPE development reached approximately 30-40%, indicating the onset of active virus —cell
interaction. By day 6, the level of cell monolayer destruction increased to 60—70%, reflecting pronounced
viral replication in the system. The dynamics of viral growth during the first passage are presented in
Figure 1, illustrating the temporal development of the cytopathic process.

During the first passage, CPE was weakly expressed and minimal within the initial 1-2 days. By
day 4, CPE development reached approximately 30-40%, indicating the onset of active virus —cell
interaction. By day 6, the level of cell monolayer destruction increased to 60—70%, reflecting pronounced
viral replication in the system. The dynamics of viral growth during the first passage are presented in
Figure 1, illustrating the temporal development of the cytopathic process.
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Figure 1. Cytopathic effect of vaccinia virus in LK cell culture during the first passage (%2000)

During the study, the smallpox vaccine virus was cultured in monolayers of Vero, HeLa, LK cell
lines, with successive passages and assessment of the dynamics of CPE.

In the first passage, the development of CPE in the studied cell cultures was gradual. In the Vero
culture, the first signs of cytopathic changes were observed on day 3, whereas in HeLa cells, cytopathic
effects were detected as early as day 2, and in the LK culture — on day 3. By day 6 of cultivation, the
degree of monolayer damage reached 70-80% in all cell types, indicating active viral replication.

In the second passage, an acceleration of CPE development was observed in all investigated cell
lines; however, the dynamics of its manifestation varied depending on the cell type. In Vero cells,
CPE was detected on day 2, with pronounced monolayer destruction (80-90%) observed by day 4 of
cultivation. In HeLa cells, initial signs of CPE also appeared on day 2, while the maximum level of cell
damage (80—90%) was recorded by day 3. In LK cells, CPE development occurred slightly more slowly:
initial changes were observed on day 2, whereas pronounced CPE reaching 80-90% was achieved by
day 5 of cultivation.
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In the third passage, a similar trend of accelerated CPE development was observed in all investigated
cell lines. The cytopathic effect during the third passage is shown in Figure 2.

0 day 2 day 4 day

Vero

Hela

LK

Figure 2. Morphological changes in cell cultures infected with vaccinia virus during the third passage

The obtained results indicate that the most pronounced replication of vaccinia virus was observed in
HeLa cell culture, where cytopathic effect developed more rapidly compared to the other investigated
cell lines. The infectivity data confirmed these observations: the highest viral titer was recorded in HeLa
cells, reaching 8.50 + 0.083 lg TCIDso/cm?, whereas lower values were obtained in Vero and lamb
kidney (LK) cells, amounting to 5.75 + 0.08 and 6.33 = 0.08 Ig TCIDso/cm?, respectively. The dynamics
of vaccinia virus biological activity are presented in Figure 3.
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Figure 3. Dynamics of the biological activity of vaccinia virus
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The infectious dose of vaccinia virus in HeLa cell culture was determined. It was established that
viral biological activity depends on the magnitude of the infectious dose. At high virus concentrations
(3.69; 0.369; 0.0369; and 0.00369 TCIDso/cell), a stable high level of biological activity was observed,
with an infectious titer of 8.16 + 0.083 Ig TCIDso/cm®. When the dose was reduced to 0.000369 TCIDso/
cell, the infectious activity decreased to 6.6 + 0.016 1g TCIDso/cm?®, accompanied by a reduction in the
severity of CPE (Figure 4).

Based on the obtained results, an infectious dose of 0.00369 TCIDso/cell was selected as the optimal
condition, under which stable levels of biological activity and pronounced CPE of vaccinia virus were
maintained.
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Figure 4. Dynamics of vaccinia virus biological activity at different infectious doses

During the selection of fetal bovine serum concentration in the culture medium, it was found that
the biological activity of vaccinia virus showed only minor variation depending on serum content. At
2% and 5% FBS, the biological activity was 7.5 = 0.083 1g TCIDso/cm?, whereas at 10% FBS it reached
8.00 Ig TCIDso/cm®. No significant differences were observed between the tested conditions (Figure 5).

Thus, a 2% FBS concentration was determined to be optimal, as it ensures a sufficient level of viral
biological activity while allowing more economical use of culture medium components.
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Figure 5. Biological activity of vaccinia virus at different fetal bovine serum concentrations

In the experiment aimed at determining the optimal cultivation temperature for the Orthopoxvirus
strain, three temperature regimes (33 °C, 37 °C, and 39 °C) were evaluated. Cell monolayers were
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infected with vaccinia virus at an infectious dose of 0.00369 TCIDso/cell, followed by incubation under
the specified temperature conditions.

It was established that viral biological activity depended on the incubation temperature. At 33 °C,
the infectious titer was 3.75 + 0.25 Ig TCIDso/cm?, whereas at 39 °C it reached 6.5 + 0.00 lg TCIDso/cm’.
The highest viral activity was observed at 37 °C, where the titer reached 7.50 1g TCIDso/cm?. These
results indicate that 37 °C is the optimal temperature for virus cultivation. The results are presented
in Figure 6.
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Figure 6. Biological activity of vaccinia virus at different cultivation temperatures

Discussion

Monkeypox, caused by viruses of the genus Orthopoxvirus, has recently regained significant
scientific attention due to changes in its epidemiological pattern. In this context, vaccinia virus represents
an important model for studying the biology of Orthopoxviruses, including viral replication mechanisms
and theoptimization of cultivation conditions.

The results of the present study demonstrated that vaccinia virus efficiently replicates in various
cell cultures; however, the level of replication is strongly dependent on the cell line used. The highest
biological activity and the most rapid development of CPE were observed in HeLa cells, indicating
their high susceptibility to the virus. These findings are consistent with classical studies showing that
continuous cell lines provide more efficient viral replication compared to primary cultures [20].

In Vero and LK cells, virus replication was less pronounced, and CPE developed more slowly.
Nevertheless, the ability of vaccinia virus to efficiently replicate in LK cells was previously demonstrated.
For instance, Subramanyam et al. [21] showed that LK cells can support active viral replication and may
be used for virus cultivation, which supports the results obtained in the present study.

In this study, high viral titers were observed at infection doses ranging from 3.69 to 0.00369 TCIDso/
cell. At the lowest dose (0.000369 TCIDso/cell), a significant reduction in viral titer was detected. Thus,
the effective infectious dose was determined to be 0.00369 TCIDso/cell. Although a high viral titer was
also observed at a dose of 3.69 TCIDso/cell, this condition was considered unsuitable, as high infection
doses induce rapid cytotoxic effects in cells, leading to alterations in viral phenotypic properties and the
formation of free virions in subsequent passages.

The accumulation of virus in cell cultures depends not only on the cell type, temperature, and
infectious dose, but also on the composition of the culture medium, including serum concentration. In
serum-free conditions, cells experience a deficiency of essential nutrients, leading to cellular damage
and accelerated senescence, which in turn negatively affects viral replication. Conversely, excessively
high serum concentrations may promote the presence of non-specific inhibitors that suppress viral
replication. Therefore, in the present study, a 2% serum concentration was used, which enabled the
achievement of a high viral titer.
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Viral replication in cell cultures is also temperature-dependent, and this factor is regulated by the
viral genome. For most viruses, the optimal growth temperature is 36—37 °C. In the present study, 33 °C
was shown to be unfavorable for the replication of the vaccinia virus strain, whereas at 39 °C an increase
in viral titer was observed during the first 72 hours, followed by suppression of viral replication between
96 and 120 hours. Our findings demonstrate that a temperature of 37 °C provides optimal conditions for
achieving a high viral titer of the vaccinia virus strain.

Conclusion

The present study demonstrated that vaccinia virus efficiently replicates in various cell cultures,
with the highest biological activity observed in HeLa cells. The optimal infectious dose was determined
to be 0.00369 TCIDso/cell, ensuring stable viral replication. It was shown that a 2% fetal bovine serum
concentration is sufficient to maintain high viral biological activity, while the optimal cultivation
temperature is 37 °C.

The established cultivation parameters provide favorable conditions for vaccinia virus propagation
and may be of interest for further fundamental and applied research.

Authors' contributions

0OS, NO, MS, BU, MK: conceptualized and designed the study, conducted a comprehensive literature
search, analyzed the collected data, and prepared the manuscript; ZhK: wrote the original draft; LB,
KZh: writing-review & editing.

Acknowledgements

This work was supported by the Scientific and Technical Program BR28712529, “Development of
Specific Prevention and Diagnostic Tools for Monkeypox™

The authors express their gratitude to the Head of the Laboratory of Cell Biotechnology of the
Research Institute for Biological Safety Problems, Aziz Nakhnov, and to junior researcher Aibol
Torebek for providing the cell lines used in this study.

Statement on Competing Interests
The authors declare that they have no conflicts of interest.

References

1 Mitja, O., Ogoina, D., Titanji, B.K., Galvan, C., Muyembe, J.J., Marks, M., Orkin, C.M. (2023).
Monkeypox. The Lancet, 401(10370), 60-74. DOI:10.1016/S0140-6736(22)02075-X.

2 World Health Organization. (2023). Smallpox overview. https://www.who.int/emergencies/
situations/smallpox

3 Bunge, E.-M., Hoet, B., Chen, L., Lienert, F., Weidenthaler, H., Baer, L.R., et al. (2022).
The changing epidemiology of human monkeypox — A potential threat? A systematic review. PLOS
Neglected Tropical Diseases, 16(2), e0010141. DOI:10.1371/journal.pntd.0010141.

4  Ladnyj, 1.D., Ziegler, P., Kima, E. (1972). A human infection caused by monkeypox virus in
Basankusu Territory, Democratic Republic of the Congo. Bulletin of the World Health Organization,
46(5), 593-597.

5 Arita, I., Henderson, D.A. (1976). Monkeypox and whitepox viruses in West and Central Africa.
Bulletin of the World Health Organization, 53(4), 347-353.

6 Likos, A.M., Sammons, S.A., Olson, V.A., Frace, AM., Li, Y., Olsen-Rasmussen, M., et al.
(2005). A tale of two clades: Monkeypox viruses. Journal of General Virology, 86(10), 2661-2672.

7  Centers for Disease Control and Prevention. (2003). Update: Multistate outbreak of monkeypox
— Illinois, Indiana, Kansas, Missouri, Ohio, and Wisconsin. Morbidity and Mortality Weekly Report
(MMWR). https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5226a5.htm

8 Vaughan, A., Aarons, E., Astbury, J., Balasegaram, S., Beadsworth, M., Beck, C.R., et al.
(2018). Two cases of monkeypox imported to the United Kingdom. Eurosurveillance, 23(38), 1800509.
DOI:10.2807/1560-7917.ES.2018.23.38.1800509.

51



CENTRAL ASTAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

9 European Centre for Disease Prevention and Control. (2023). Weekly communicable disease
threats  report.  https://www.ecdc.europa.eu/sites/default/files/documents/communicable-disease-
threats-report-week-32-2023 0.pdf

10 World Health Organization. (2022). Multi-country monkeypox outbreak: Situation update (2022
DON396). https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON396

11 World Health Organization. (2022). Second meeting of the International Health Regulations
Emergency Committee regarding the multi-country outbreak of monkeypox. https://www.who.int/news/
item/23-07-2022-second-meeting-of-the-international-health-regulations-%282005%29-%281hr%29-
emergency-committee-regarding-the-multi-country-outbreak-of-monkeypox

12 Kaynarcalidan, O., Moreno Mascaraque, S., Drexler, I. (2021). Vaccinia virus: From crude
smallpox vaccines to elaborate viral vector vaccine design. Biomedicines, 9(12), 1780. DOI:10.3390/
biomedicines9121780.

13 Sanchez-Sampedro, L., Perdiguero, B., Mejias-Pérez, E., Garcia-Arriaza, J., Di Pilato, M.,
Esteban, M. (2015). The evolution of poxvirus vaccines. Viruses, 7(4), 1726—1803. DOI:10.3390/
v7041726.

14 Wahid, M., Mandal, R.K., Sikander, M., Khan, M.R., Haque, S., Nagda, N., Ahmad, F.,
Rodriguez-Morales, A.J. (2025). Safety and efficacy of repurposed smallpox vaccines against mpox:
A critical review of ACAM2000, JYNNEOS, and LC16. Journal of Epidemiology and Global Health,
15(1), 88. DOI:10.1007/s44197-025-00432-8.

15 Dalton, A.F. (2023). Estimated effectiveness of JYNNEOS vaccine in preventing mpox: A
multijurisdictional case-control study — United States. Morbidity and Mortality Weekly Report (MMWR), 72.

16 Hicks, B., Jones, S., Callaby, H., Bailey, D., Gordon, C., Rampling, T., et al. (2024). Evaluation
of a multiplexed immunoassay for assessing long-term humoral immunity to orthopoxviruses. Vaccine,
42(26), 126453. DOI:10.1016/j.vaccine.2024.126453.

17 Jones, S., Hicks, B., Callaby, H., Bailey, D., Gordon, N.C., Rampling, T., et al. (2025).
Assessment of MpoxPlex, a high-throughput and multiplexed immunoassay: A diagnostic accuracy
study. The Lancet Microbe, 6(4), 100987. DOI:10.1016/j.1anmic.2024.100987.

18 Jones, S., Hicks, B., Callaby, H., Bailey, D., Gordon, C., Rampling, T., et al. (2024). MpoxPlex:
A high-throughput and versatile multiplexed immunoassay for assessing and discriminating between
IgG responses to mpox infection and vaccination. medRxiv. DOI:10.1101/2024.06.03.24308186.

19 Pettke, A., Keszei, M., Christ, W., Mayola Danés, N., Gredmark-Russ, S., Séderholm, S.,
et al. (2025). Serological differentiation between naturally acquired mpox and MVA-BN-vaccine
induced antibody responses using ratios of MPXV and VACYV antigen pairs in the MSD immunoassay.
Microbiology Spectrum, 13, €00182-25. DOI:10.1128/spectrum.00182-25.

20 Nishmi, M., Niecikowski, H. (1963). Interaction of vaccinia virus and cells in primary and
continuous culture. Nature, 199, 1117-1118. DOI:10.1038/1991117a0.

21 Subramanyam, P., Divakaran, S., Vinodraj, P. (1961). Cultivation of vaccinia virus in sheep
kidney cell cultures. Bulletin of the World Health Organization, 25(1), 33—40.

22 Kroon, E.G., Abrahdo, J.S., Trindade, G.S., Oliveira, G.P., Luiz, M.F., Costa, G.B., Lima,
M.T., et al. (2018). Natural vaccinia virus infection: Diagnosis, isolation, and characterization. Current
Protocols in Microbiology, 42(1), 14A.5.1-14A.5.43. DOI:10.1002/cpmc.13.

52



CENTRAL ASIAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

How to cite: Assetova, G.K., Zhexenayeva, A.B., Akhmetzhanova, A.Y., Tussupov, S.D., Bilyalov, Y.Y.,
Senkebayeva, D.T., Temirova, A.S., Kamzanov, A.K., Bolkenov, B.T. (2026). Lameness in broiler chickens in
Kazakhstan: prevalence and key risk factors from commercial farms. Central Asian J. Vet. Science, 2(014), 53-62.
DOI: https://doi.org/10.51452/cajvs.2026.2(014).2236

Research article

Lameness in broiler chickens in Kazakhstan: prevalence
and key risk factors from commercial farms

Gulim K. Assetova' “2/, Assel B. Zhexenayeva' "=, Aizhan Y. Akhmetzhanova'
Serik D. Tussupov' “=, Yermekkazy Y. Bilyalov' “=, Dilora T. Senkebayeva?
Akerke S. Temirova' =/, Adlet K. Kamzanov' ', Bakytzhan T. Bolkenov'

!Shakarim University, Semey, Kazakhstan
“National Agrarian Scientific and Educational Center, Astana, Kazakhstan

Corresponding author: Bakytzhan T. Bolkenov: b.bolkenov(@shakarim.kz
Co-authors: (1: GA) assetova_gulim@shakarim.kz , (2: AZh) a.zheksenaeva@shakarim.kz
(3: AA) a.akhmetzhanova@shakarim.kz, (4: ST) s.tussupov(@shakarim.kz
(5: YB) er_ men67@mail.ru, (6: DS) d.senkebayeva@nasec.kz, (7:AT) uas_91@mail.ru
(8: AK) kamzanov02@gmail.com
Received: 6 May 2026 Accepted: 19 June 2026 Published: 30 June 2026

Copyright: Assetova, G.K., et al. This article is an open access article distributed
under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/)

Abstract

Background and Aim. Lameness in broiler chickens is a major welfare and economic concern
affecting productivity and farm profitability worldwide. However, information regarding the prevalence
and associated risk factors of broiler lameness in Kazakhstan remains limited. This study aimed to
evaluate the prevalence of lameness in commercial broiler farms and identify the main contributing
factors under local production conditions.

Materials and Methods. A cross-sectional survey was conducted from July to October 2025 on
10 commercial poultry farms located in different regions of Kazakhstan. Data were collected using
a structured questionnaire covering housing conditions, litter management, stocking density, feeding
practices, environmental control, health management, and the occurrence of lameness. Descriptive
statistical analysis was performed to evaluate the collected data.

Results. Lameness was reported on mostfarms, although prevalence varied substantially among
production systems. The proportion of lame birds at slaughter ranged from 0 to over 10%, with an
average prevalence of 2.1 + 3.2%. Severe lameness cases (Score > 3) averaged 4.7 + 6.9%. Poor litter
quality, high stocking density, inadequate temperature and humidity control, and differences in feeding
strategies were identified as major risk factors. Among infectious agents, Staphylococcus spp. was the
most frequently reported pathogen. Although preventive measures were implemented on most farms,
their implementationwas often inconsistent.

Conclusion. The findings demonstrate that broiler lameness in Kazakhstan is a multifactorial
problem influenced by management, environmental, and infectious factors. This study provides one of
the first comprehensive assessments of lameness in commercial broiler production in Kazakhstan and
highlights the need for improved management practices, standardized monitoring systems, and more
effective prevention strategies.

Keywords: broiler chickens; Kazakhstan; lameness; prevalence; poultry farms; risk factors.
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Introduction

Poultry farming plays a key role in ensuring food security, economic development, and social
stability both in Kazakhstan and worldwide. In Kazakhstan, the industry is characterized by dynamic
growth, the adoption of innovative technologies, and government support, helping toreduce dependence
on imports and create new jobs [ 1, 2]. These trends reflect the government’s strategic focus on developing
the agro-industrial complex. Globally, poultry farming provides an affordable source of protein; its
products (meat and eggs) constitute an important component of the human diet, and increased domestic
production reduces dependence on imports [2, 3].

Poultry meat production in Kazakhstan has shown steady growth over the past decade. According
to data from the National Statistics Bureau of the Republic of Kazakhstan, production increased from
approximately 220-230 thousand tons in 2020 to approximately 360 thousand tons in 2024, indicating
a significant increase in domestic production. This trend reflects improved industry efficiency and
expanded production capacity. This growth trend continued in 2025, increasing by approximately 2.6—
2.7%, and data from early 2026 indicate that the industry continues to expand. The poultry population
also grew, reaching 45.7 mln birds in 2025. These trends underscore the growing importance of broiler
production in ensuring Kazakhstan’s food security and economic stability [4].

Lameness in broiler chickens is one of the key challenges in modern poultry farming. It is directly
linked to pain, deterioration in the birds’ condition, and significant economic losses in industrial
production. The importance of addressing this problem is increasing as production expands. The problem
is exacerbated by the extremely rapid growth of modern broilers and intensive rearing technologies.
Gait abnormalities are recognized as one of the most sensitive indicators of reduced bird welfare, as
they limit mobility, consequently, access to feed and water, and are accompanied by pain. Lameness
is often associated with metatarsal dermatitis and hock burns, reflecting poor litter quality and housing
conditions [5, 6].

Lameness in poultry farming leads to significant economic losses due to reduced meat quality and
increased costs for treatment and preventive measures [7]. In addition, lameness negatively affects both
the welfare of the birds and their productivity. Collectively, these effects reduce production efficiency
and increase production costs. For the industry, these consequences translate into substantial economic
losses associated with mortality, culling, and reduced production performance.

The multifactorial nature of lameness in broiler chickens poses a serious problem both from an animal
welfare perspective (pain, restricted movement) and from an economic standpoint (mortality, culling,
reduced weight gain). Lameness, typically, does not have a single cause but is caused by a combination
of factors. Growth, nutrition, infection, and management factors all play a role simultaneously. Bacterial
chondronecrosis with osteomyelitis (BCO) is considered the leading cause of lameness: bacteria
(primarily Staphylococcus spp.) colonize microcracks in bone tissue after penetrating from the gut or
respiratory tract. Viral, bacterial, and mycotoxicosis-related diseases, as well as staphylococci, cause
arthritis, osteomyelitis, deformities, and paralysis of the limbs [5, 8, 9]. Bone development is closely
linked to the availability of IP6 (phytate), calcium, and phosphorus; mineral nutrition deficiencies
impair bone quality. Deficiencies and imbalances in Ca, P, and vitamin D3, as well as other nutritional
disorders, impair bone mineralization and increase the risk of lameness. Feed contaminated with
mycotoxins (deoxynivalenol, fumonisin, aflatoxins) markedly increases the incidence of lameness and
bone damage, and disrupts phosphorus metabolism and mineralization [10—12]. Lameness in broilers
has a distinctly multifactorial nature: rapid growth, mineral imbalances and mycotoxins, mechanical
stress, bacterial infection (BCO), and housing conditions act in concert. Therefore, the development of
lameness in broilers is due to the combined effects of metabolic, infectious, and technological factors.

Surveys of farmers and experts complement the clinical assessment of lameness and provide data on
the scale of the problem, risk factors, management characteristics, and economic aspects at the farm and
industry levels. In poultry farming, this approach is used less frequently than direct clinical examinations,
but where it is applied, it is evident that the farmers' attitudes and management practices often determine
the severity of the problem and the success of prevention. Structured questionnaires are particularly
valuable, as they allow the quantitative assessment of the influence of environmental and management
factors. Questionnaire sections completed by farmers (feed type, duration of the dark period, stocking
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density, slaughter age, mortality rate) enable statistical associations between lameness and management-
and resource-related factors to be identified. In multifactorial studies of broilers, questionnaire data on
housing conditions and management (lighting, litter quality, age) are combined with assessments of
lameness, dermatitis, and fear, allowing for the identification of key risk factors (dark period duration,
age, litter) and demonstrating that modifying just a few parameters can simultaneously improve several
welfare indicators [13].

Despite the existence of numerous studies on lameness in broilers that detail the causes, prevalence,
and preventive measures, most of them were conducted abroad (Europe, Australia, China, the USA,
Pakistan, etc.). This limits the ability to generalize the results to conditions in Kazakhstan. Currently,
no published scientific data reflecting the situation in Kazakhstan are available. Thus, the problem of
lameness in broiler chickens in the context of domestic poultry farming remains insufficiently studied.
The aim of this study was to assess the prevalence of lameness in broiler chickens and to identify key
risk factors at the level of poultry farms in Kazakhstan using a structured questionnaire.

Materials and Methods

A cross-sectional study was conducted from September to November 2025. The questionnaire was
developed using web-based software (Google Forms) and distributed to key stakeholders in Kazakhstan’s
broiler industry working in vertically integrated broiler production companies. Respondents included
managers and executives of broiler farms, veterinary specialists at poultry farms, as well as executives
of processing plants and employees of food quality control and safety departments.

The questionnaire was developed by the authors of this study. A preliminary version was tested
by a group of researchers to assess the clarity and comprehensibility of the questions. In addition, the
questionnaire was reviewed and approved by a research group in this field. Based on the comments
and recommendations received, the questionnaire was revised and adjusted before being used in the
main study. Participating farms were selected using purposive sampling to ensure representation of
commercial broiler production systems from different regions of Kazakhstan. Farms were identified
through professional industry networks, poultry production companies, and veterinary contacts.
Invitations to participate were sent by email to managers, veterinarians, and technical specialists working
in broiler production. Participation was voluntary, and only farms that completed the questionnaire were
included in the final analysis. The surveyed farms represented both vertically integrated and independent
broiler production systems.

A link to the online survey was distributed via email. Participation in the study was voluntary,
and participants received no compensation for completing the questionnaire. The full version of the
questionnaire in print format is available in the “Additional Materials™ section.

All surveys were conducted anonymously, and no personal or corporate information was collected
or processed. The questionnaire was structured and included six thematic sections. The first section
collected basic descriptive data on poultry farms, including geographic location, type of production
system (integrated or contract-based), farm capacity, number of production cycles per year, and annual
production volume. Additional information included the presence of veterinary supervision on the
farm, farm management experience, broiler breed/cross, and slaughter age. This section was used to
characterize the epidemiological situation on the farms.

The second section assessed housing systems and microclimatic conditions affecting broiler welfare.
Variables included temperature, humidity, ammonia (NH3) and carbon dioxide (CO,) levels, ventilation
type, lighting schedule, and stocking density. Particular attention was givento the type of litter, its quality,
replacement frequency, and moisture content, as these factors are directly linked to foot health issues.
General hygiene procedures and disinfection protocols between production cycles were also evaluated.

The third section focused on feed sources, feeding systems, and nutrient quality control. Information
was collected on feed type (pelleted, mash, or mixed), feed origin (commercial or self-produced), and
quality control methods (protein, energy, and mineral content, as well as mycotoxin testing). The use
of feed additives intended to improveskeletal health was also recorded, including calcium, phosphorus,
vitamin D,, trace minerals, probiotics, enzymes, and toxin binders. Water sources, water treatment
methods, and drinking system hygiene were included as additional indicators of proper nutrition.
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The fourth section assessed the epidemiology and clinical manifestations of lameness in broiler
chickens. Data were collected on the age at onset, severity, and frequency of lameness cases, as well
as the proportion of affected birds at slaughter. Lameness severity was assessed using the Bristol Gait
Scoring System, a widely accepted method for evaluating walking ability in broiler chickens. The
system uses a 0-5 scale, where score 0 represents normal locomotion and score 5 indicates severe
locomotor impairment with an inability to walk normally. Higher scores reflect increasing degrees
of gait abnormality and reduced welfare. Where available, farms reported lameness prevalence using
this scoring system. General clinical signs, such as gait abnormalities, joint swelling, pododermatitis,
deformities, and reduced mobility, were also documented.

The fifth section assessed the involvement of infectious agents associated with lameness. Participants
provided information on bacterial, viral, mycoplasmal, and fungal pathogens commonlydetected in
their flocks, including Staphylococcus spp., Escherichia coli, reoviruses, infectious bursal disease virus,
Mycoplasma synoviae, and Aspergillus spp. The frequency of laboratory diagnostics and the use of
surveillance programs on breeding farms and in broiler flocks were also recorded.

The final section assessed disease prevention strategies and control measures implemented on farms.
Data were collected on vaccination programs, the use of antibiotics (prophylactic and therapeutic), and
alternative control measures, such as probiotics, organic acids, and herbal supplements. Management
practices related to stocking density regulation, biosecurity measures, and welfare monitoring systems
were also included. In addition, participants identified the main suspected causes of lamen ess and
reported on economic losses and production problems associated with its occurrence.

Statistical Analysis

The data were analyzed using descriptive and non-parametric statistical methods. Continuous
variables are presented as mean + standard deviation (SD), along with median and range where
appropriate, while categorical variables are summarized as frequencies and percentages.

Because the sample size was relatively small (n = 10 farms) and several variables were ordinal, non-
parametric approaches were used throughout the analysis. Associations between lameness prevalence
and selected management, environmental, and diagnostic factors were evaluated using Spearman’s rank
correlation.

To further explore differences between farms, they were grouped according to lameness levels,
and comparisons between groups were performed using the Mann—Whitney U test where appropriate.
Associations between categorical variables were assessed using Fisher’s exact test.

Statistical significance was defined as p < 0.05. Given the exploratory nature of the study, the results
were interpreted with appropriate caution.

Results

The study involved 10 commercial poultry farms from various regions of the Republic of Kazakhstan
(Abai, Akmola, and Almaty regions, among others). Respondents included farm managers, veterinary
specialists, and production staff representing both vertically integrated and independent broiler
production systems.

Most farms operated under intensive production conditions. Most farms completed 6—7 production
cycles per year. The majority of enterprises were characterized by large production capacities, with
annual production volumes ranging from 1 to over 10 min birds. 90% of the farms had a full-time
veterinarian on staff, and all respondents had more than 5 years of experience in poultry farming.

The summarized production characteristics of the surveyed farms are presented in Tablel.

Table 1. Production characteristics of poultry farms (n = 10)

Parameter Value
Presence of a veterinarian (yes/no) 9/1
Type of production (% vertically integrated) 40%
Ross 308 strain (% of farms) 80%
Average slaughter age (days) 41.2+4.1
Production cycles per year (predominant) 67
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Most farms used enclosed poultry houses with controlled housing conditions and mechanical
ventilation (including tunnel and cross-ventilation). However, variability in the effectiveness of
microclimate control was noted, particularly regarding the maintenance of optimal humidity and air
quality. This fact indicates differences in the level of technological implementation even in the presence
of similar infrastructure.

Bedding management practices also varied significantly. Wood shavings and straw were the most
commonly used materials. A number of respondents pointed to problems with high bedding moisture
and condensation, which is considered a risk factor for the development of musculoskeletal disorders.
Cleaning and disinfection of the premises were carried out between production cycles, but their
frequency and effectiveness varied. This may contribute to the accumulation of pathogenic microflora
and a deterioration in the sanitary condition of the poultry houses.

All farms used compound feed (either produced on-site or purchased). Regular feed quality control
was carried out at 90% of the facilities. Analysis of feed additive useshowed that the most common were
sources of calcium and phosphorus, mycotoxin adsorbents, and trace elements. The frequency of use of
various types of additives is presented in Table 2. At the same time, inconsistencies were identified in
approaches to the use of modern feeding strategies.

Table 2. Frequency of use of feed additives (n = 10)

Type of feed additive Number of farms % Of total
Bioavailable sources of Ca and P (dicalcium phosphate, etc.) 9 90%
Trace elements (Zn, Mn, Cu, Se) in organic form 4 40%
Mycotoxin binders 7 70%
Vitamin D3 (high doses) 1 10%
Enzymes (phytase, xylanase) 4 40%
Probiotics / prebiotics 3 30%

Most farms used nipple drinkers, with water supplied by centralized systems or wells. Bacteriological
testing of water was conducted on 70% of farms, while pH and hardness testing was performed on 60%.

Regular gait assessment of broilers was performed on 70% of farms, while 30% did not conduct
such assessments. Visual inspection of birds was performed on all farms; however, standardized scales
(e.g., the Bristol Gait Score) were used in only 37.5% of cases. The frequency of monitoring varied:
weekly — 50%, before slaughter — 25%, twice per cycle — 25%.

The average percentage of birds with marked lameness (Score > 3) was 4.7 + 6.9%, whereas the
subjective assessment of lameness levels at the time of slaughter ranged from 0 to over 10% (average
2.1+ 3.2%). Lameness most commonly developed between 29 and 42 days of rearing. In 20% of farms,
no cases of lameness were recorded. Such variability in indicators may reflect differences in housing
conditions and diagnostic approaches.

The impact of lameness on production performancewas assessed on a 4-point scale. The most
pronounced impact was observed on a decrease in carcass quality and live weight gain. Detailed
indicators are presented in Table 3.

Table 3. Indicators associated with lameness (n = 10)

Parameter M +£SD Median Range

% Of birds with Score > 3 (Bristol) 47+6.9 3,5% 0-20% 8
% Of lameness at slaughter (assessment) 2.1+£3.2 1,0% 0—>10%
Reduction in body weight gain (score) 24+13 2,0 1-4 10
Increase in feed conversion ratio (score) 2.1+1,1 2,0 1-3 9
Increase in culling (score) 1.8+ 1,1 1,0 14 10
Increase in mortality (score) 1.6+ 1.0 1,0 1-3 10
Reduction in carcass quality (score) 25+1,2 2,0 1-4 10
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Laboratory testing for lameness was conducted on 60% of farms. Staphylococcus spp. was the most
commonly identified pathogen, followed by Escherichia coli and adenoviruses. Pathogen

Laboratory investigations oflameness was conducted on 60% of farms. Staphylococcus spp. was
the most commonly identified pathogen, followed by Escherichia coli and adenoviruses. Pathogen
monitoring was carried out in 80% of farms for the parent flock and in 40% of farms for broilers.

Chicks were vaccinated primarily at an early age (1-10 days), and the vaccination schedule was
followed in 90% of farms. Vaccines against infectious bronchitis and infectious bursal disease were the
most widely used.

Antibiotic prophylaxis was used on 80% of farms, with half of the operations using antibiotics
specifically to control lameness. However, 70% of farms used alternative agents, including organic acids
and probiotics.

Poultry welfare monitoring programs were in place at 80% of farms (formal — 40%, informal —
40%), while 20% lacked such programs.

The respondents' perceptions of the main causes of lameness and the perceived effectiveness of
control measures are presentedin Table 4.

Table 4. Perceived causes of lameness and effectiveness of measures (n = 10)

Parameter Category n %
Main causes of lameness Multifactorial 6 60%
(multiple responses) Feeding 5 50%
Housing conditions 5 50%
Infection 4 40%
Genetics 3 30%
Effectiveness of control 5 (very effective) 4 40%
measures (5-point scale) 4 1 10%
3 1 10%
2 2 20%
1 (ineffective) 1 10%
Not assessed 1 10%
Economic losses due to Yes 6 60%
lameness No 3 30%
Not sure 1 10%
Willingness to participate in | Need more 7 70%
future studies information
No 1 10%
No response 2 20%

The analysis identified the most important factors asthe quality of feed ingredients, staff qualifications,
climatic conditions, and stocking density. Economic losses due to lameness were reported in 60% of
farms and included reduced live weight, increased culling, and higher mortality rates.

To better understand the factors associated with lameness, a Spearman correlation analysis was
conducted (Table 5). A significant positive relationship was found between lameness at slaughter and
reported feed quality problems (r = 0.737, p = 0.015), suggesting that farms experiencing issues with
feed quality tend to report higher levels of lameness. In contrast, severe lameness (Score > 3) was
strongly negatively associated with the perceived effectiveness of preventive measures (r = -0.877, p
= 0.004). This indicates that farms implementing more effective prevention strategies generally have
substantially lower levels of severe lameness.

Diagnostic limitations also appeared to be important. A moderate positive association was observed
between diagnostic difficulty and both overall lameness prevalence (r = 0.701, p < 0.05) and severe
lameness (r = 0.722, p < 0.05), implying that farms facing greater challenges in diagnosis tend to report
higher levels of lameness.
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Conversely, the use of laboratory diagnostics was negatively associated with lameness (r = -0.641
to -0.662, p < 0.05), suggesting that farms with more developed diagnostic capacity may be better
equipped to manage and control lameness.

Table 5. Spearman correlation between lameness indicators and selected factors

Variable Lameness at Score > 3 (r) p-value Interpretation
slaughter (r)
Feed quality problems 0.737 - 0.015 Significant positive
Prevention effectiveness - -0.877 0.004 Strong negative
Diagnostic difficulty 0.701 0.722 <0.05 Moderate positive
Laboratory diagnostics -0.641 -0.662 <0.05 Moderate negative

n_n

indicates that the correlation coefficient was not calculated for the respective variable

Among preventive measures, respondents most frequently cited improving housing conditions,
optimizing feeding, and adhering to production protocols. Thus, priority is given to management and
technological solutions aimed at reducing the cumulative impact of risk factors.

Discussion

The results of this study confirm the multifactorial nature of lameness in broilers and demonstrate
that, in commercial poultry farming, this problem is primarily influenced by management, technological,
and economic factors, rather than by infectious causes alone. Thus, lameness in broilers should be
viewed as a comprehensive indicator of overall production system performance.

The findings indicate that housing conditions, primarily stocking density, microclimate, and litter
quality, play a key role in the development of lameness. Despite the widespread use of closed poultry
houses with controlled environmental parameters, significant variability was observedin the management
of humidity and air quality, indicating a gap between the availability of technological solutions and their
actual implementation. This gap can significantly reduce the effectivenessof even modern production
systems. International studies also confirm a strong link between lameness and wet or poor litter, high
growth rates, short dark periods, and environmental stress (related to temperature and stocking density).
The higher the average gait score, the greater the culling of carcasses at slaughter and the poorer the
overall herd welfare index [5, 6, 14].

Most farms operate under an intensive production regime (6—7 cycles per year), which may limit
opportunities for thorough disinfection of facilities and stabilization of the microclimate. Under these
conditions, the technological burdenon production systems increases, raising the likelihood of poultry
welfare issues. In this context, lameness serves not only as a veterinary problem but also as an indicator
of overloading of the production system. An additional risk factor is injury occurring during the transport
and handling of poultry, the frequency of which depends on the condition of the broilers prior to loading
(their health and physical condition), as well as on external conditions—temperature and humidity.
Adverse transport conditions can cause hyperthermia or hypothermia, which increases the risk of injury
and mortality. Consequently, ensuring proper transport conditions is a key element of prevention.
Reducing these risks requires improving transport conditions (temperature and humidity control) and
optimizing handling procedures [14, 15].

The importance of feeding-related factors (feed quality, use of additives) is consistent with the
fact that mineral metabolism disorders and deficiencies in bioavailable trace elements directly affect
bone formation and the stability of the musculoskeletal system. Although most farms conduct feed
quality control, the composition of the additives used indicates a lack of uniformity in approaches.
This suggests a lack of standardized feed management practices at the farm level. In particular, the
relatively limited use of organic trace elements and probioticsmay indicate limited adoption of modern
nutritional strategies. Deficiencies or excesses of vitamin D, calcium, phosphorus, and trace elements
(Zn, Mn, Cu, etc.) exacerbate the development of rickets, bone deformities, and limb pathologies in
broilers. Organic trace elements, mycotoxin control, moderate restriction of early growth, and the use of
whole grains or combined diets can significantly improve the condition of the musculoskeletal system.
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However, the isolated application of these measures is insufficient without a comprehensive approach. A
sustained reduction in lameness rates requires a combination of balanced nutrition with optimal housing
conditions and consideration of the birds’ genetic characteristics [8 ,11, 12].

Lameness in broilers is widespread and significantly compromises bird welfare, but its assessment
and monitoring remain methodologically challenging. Although visual assessment of lameness is
conducted on all farms, the use of standardized scales remains limited. This limitsthe comparability of
data across farms and hinders an objective assessment of trends. Additionally, laboratory diagnostics are
performed in only 60% of farms, and pathogen monitoring in broilers in 40%. This indicates insufficient
integration of epizootiological surveillanceinto the flock health management system. Current diagnostic
reviews recommend combining laboratory methods, visual examinations, radiography, thermography,
and new automated tools to improve the accuracy and early detection of lameness [16].

The multifactorial nature of lameness observed in this study is summarized in Figure 1, which
illustrates the interaction between nutritional, environmental, infectious, and management-related
factors contributing to the development of musculoskeletal disorders in broiler chickens.

Rapid growth
and genetics

Housing
conditions

‘E-rﬁfncking density
anhd microclima

| N

|I I’ I.
; BROILER ’
| LAMENESS i
II ’. ']
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mineral balance and moisture

L Infectious
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Figure 1. Conceptual model illustrates the multifactorial nature of lameness in broiler chickens

Lameness in broilers is a complex systemic problem resulting from the interaction of genetic
factors, growth rate, infections, mycotoxins, feeding, housing conditions, litter quality, and management
decisions. In other words, it is the result of the combined effects of many interrelated factors. Analysis
of respondents’ answers shows that in most cases, lameness is viewed as the result of a combination of
factors (60%) rather than the consequence of a single cause. This aligns with the current understanding
of the complex nature of this pathology. Furthermore, the proposed preventive measures (improving
housing conditions, optimizing feeding, adhering to production protocols) indicate that industry
participants themselves associate solving the problem primarily with the management of production
processes. Consequently, effective prevention of lameness requires a systematic approach that includes
optimizing breeding programs, rational feeding, microclimate control, and improving broiler production
technologies.
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Conclusions

This study demonstrated that lameness is a widespread and multifactorial problem in the commercial
broiler industryin Kazakhstan. The results indicate that the development of lameness is associated not
only with infectious agents but also with a combination of management, technological, dietary, and
environmental factors. The main causes contributing to musculoskeletal disorders in broilers were
identified as poor-quality litter, high stocking density, inadequate microclimate control, and differences
in feeding practices.

The results also showed that preventive and diagnostic measures on poultry farms are not always
implementedconsistently and systematically. Limited use of standardized lameness assessment scales
and insufficient use of laboratory diagnostics can reduce the effectiveness of monitoring and early
detection of the problem. This underscores the need to implement more standardized approaches to
management and to improve veterinary control systems in the poultry industry.

Overall, lameness should be considered an important indicator of poultry welfare and the efficiency of
the production system. Effective prevention requires a comprehensive approach, including optimization
of housing conditions, balanced feeding, control of litter quality and microclimate, enhanced biosecurity
measures, and continuous monitoring of the birds’ condition. The present study is one of the first
comprehensive assessments.
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Abstract

Background and Aim. Highly pathogenic avian influenza (HPAI) remains one of the most significant
transboundary avian diseases, affecting affecting farmed, synanthropic, and wild bird populations.
Migratory wild birds play a crucial role in the long-distance spread of avian influenza viruses across
continents. The aim of this study is to develop an interactive geospatial dashboard for monitoring and
assessing risk factors associated with HPAI along migration routes in Kazakhstan.

Materials and Methods. Relevant spatial datasets related to the risk of avian influenza spread were
integrated into an interactive geospatial dashboard. The analysis included bird migration and ringing
data from EURING and the Institute of Zoology, georeferenced wild bird observations from the eBird
platform (25,828 records representing 137 species), and outbreak data from the FAO EMPRES-i and
WOAH WAHIS databases. Spatial analysis and data processing were performed using ArcGIS Pro,
ArcGIS Online, and the R statistical environment, while species spatial distribution modeling was
performed using the MaxEnt algorithm.

Results. Through the integration and analysis of heterogeneous spatial datasets, an interactive
geospatial dashboard was developed to assess the spatial distribution and potential spread of highly
pathogenic avian influenza (HPAI) in Kazakhstan. The platform combines wild bird observation
data from the eBird database, bird ringing and migration data, water body and wetland data, poultry
density information, and officially recorded disease outbreaks. Interactive filtering tools allow data to
be analyzed by geographic region, taxonomic group, and risk level. Spatial overlay analysis revealed
overlap between areas of high wild bird activity and regions with intensive poultry farming, indicating
potential ecological interfaces for virus transmission. The developed dashboard provides multi-layered
visualization of epizootological data and supports rapid analysis of potential HPAI risk zones in
Kazakhstan.
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Conclusion. The developed geospatial dashboard is an effective decision-support tool for veterinary
surveillance and epidemiological risk assessment. The integration of environmental and epidemiological
data enables the rapid identification of potential high-risk areas for the introduction and spread of highly
pathogenic avian influenza, facilitating the development of evidence-based surveillance strategies.

Keywords: Highly pathogenic avian influenza; geographic information systems; migratory birds;
epidemiological surveillance; spatial analysis; Kazakhstan.

Introduction

Poultry farming is an important sector of Kazakhstan's agricultural economy, ensuring domestic
supplies of poultry meat and eggs and contributing significantlyto the country's export revenues. In recent
years, substantial investment and government development programs have development the growth
of the poultry industry. According to official data, poultry production in Kazakhstan from January to
November 2024 reached 326.3 thousand tons, an increase of 9.4% compared to the same period in
2023 [1, 2]. Currently, 67 industrial poultry farms operate throughout the country, including enterprises
specializing in broiler, egg, and breeding production [3]. At the same time, the poultry industry is
constantly exposed to various risks that can potentially negatively impact the economic performance of
the enterprise and issues of ensuring biological safety. One of these risks is the emergence and spread of
especially dangerous avian diseases, includinghighly pathogenic avian influenza [4].

Highly pathogenic avian influenza (HPAI) is a highly contagious transboundary avian disease with
zoonotic potential caused by the influenza A virus, which meets the criteria for high pathogenicity
[5]. The disease affects both domestic and wild birds and can be episodically transmitted to mammals,
including humans [6, 7, 8]. In addition to affecting domestic and wild birds, the virus is increasingly
detected in mammals, including foxes, mink, cats, and cattle. The international organizations FAO
and WOAH call for strengthened epidemiological surveillance, improved early warning systems, and
coordinated international control measures [9].

At the same time, the geographic spread of highly pathogenic avian influenza A(H5NS5) viruses
among wild birds, whose numbers have increased in greylag geese in recent years, should continue to
be closely monitored worldwide [10]. Migratory wild birds, particularly aquatic species, are widely
recognized as natural reservoirs of avian influenza viruses and play a crucial role in their intercontinental
and continental spread [11].

Kazakhstan occupies a strategically important geographic position at the crossroads of several major
migration routes. Specifically, the country lies at the crossroads of three major migration routes: the
West Asian-East African, Black Sea-Mediterranean, and Central Asian [12]. These migration routes
include important regional corridors such as the West Siberian and Caspian-Black Sea routes. Millions
of migratory birds, including geese, ducks, swans, flamingos, herons, and waders, travel along these
routes annually. The Central Asian Flyway alone is home to at least 279 populations of migratory
waterfowl, representing 182 species [13].

In this regard, spatial epidemiological modelling tools in the form of dashboards integrating data
on wild bird migration and environmental factors, as well as expanded international collaboration
with organisations such as the Food and Agriculture Organization of the United Nations (FAO) and
EURING [14], are needed to strengthen early warning capabilities for the emergence and spread of
HPAI. Understanding the spatiotemporal dynamics of wild bird species that may act as reservoirs or
vectors of highly pathogenic avian influenza is important for predicting outbreak risks and improving
early detection systems [15, 16].

Despite growing interest in spatial avian influenza risk assessment, integrated analytical platforms
for veterinary surveillance in Central Asia remain limited. Therefore, developing tools that integrate
wildlife observations, environmental data, and disease outbreak information is essential for enhancing
regional surveillance capacity. The aim of this study was to develop an interactive geospatial dashboard
integrating multiple environmental and epidemiological datasets to assess spatial risk factors associated
with highly pathogenic avian influenza along migration routes in Kazakhstan.
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Materials and Methods

To develop an interactive geospatial analytical dashboard, relevant spatial data directly related to the
assessment of the epizootic risk of HPAI infection was integrated.

The integrated database included information on migration activity and key ornithological locations,
including migration routes, ringing sites, stopover sites, and breeding areas of migratory birds whose
migration routes pass through the territory of Kazakhstan. The information was provided by the
Institute of Zoology of the Ministry of Education and Science of the Republic of Kazakhstan and was
also extracted from the international FAO EMPRES-i and EURING databases [17]. Georeferenced
observations of species composition aggregated from the eBird citizen science crowdsourcing platform
were also used [18]. The total sample size was 25,828 georeferenced records representing 137 wild bird
species. These species were classified as "risk taxa" based on an analysis of global data on the spread
of highly pathogenic avian influenza (HPAI), a set of ecological features, and taxonomic similarity to
documented vectors of the infection.

The integration of these heterogeneous spatial data within a single user interface paved the way
for the consolidation of spatial visualization tools and subsequent analytical modeling to assess the
seasonality of migration processes and associated epizootic risks. Bird ringing data were used to
reconstruct migration routes connecting Kazakhstan with other regions of Eurasia. The EURING
database (EDB) contains a significant portion of the ringing return data [19].

Information on HPAI outbreaks (HSN1, H5SNS) in wild and domestic birds was obtained from the
FAO EMPRES-i and WOAH (WAHIS) databases [20]. These data provide insight into long-range
ecological relationships and potential routes of virus spread.

Analytical data processing was performed using ArcGIS Pro (ESRI, USA), ArcGIS Online [21], and
the R statistical environment [22]. The MaxEnt environment was used to model species distribution.
MaxEnt is based on georeferenced points of species locations and raster layers of environmental factors
significant for the species [23]. The following environmental covariates were used as predictor raster
layers: bioclimatic variables (BIO1-BIO19 from WorldClim v2.1), proximity to open water bodies
and wetlands (derived from the Global Surface Water dataset), normalized difference vegetation index
(NDVI), and spatial density of poultry farming enterprises. The dataset was partitioned into training
(75%) and testing (25%) subsets using random spatial blocking to minimize spatial autocorrelation.
Model performance was evaluated using the area under the receiver operating characteristic curve (AUC);
the mean AUC across 10 replicate model runs was 0.89 (SD = 0.02), indicating high discriminatory
capacity.

All datasets were georeferenced and standardized within a single spatial coordinate system.
Duplicate and incomplete records were removed, and spatial verification of observation coordinates was
performed.

Results

As a result of the research, an interactive geospatial dashboard was developed through the
integration, visualization, and analysis of existing data into a single user interface. This dashboard
supports multilayered display and assessment of the spatial distribution and potential spread of highly
pathogenic avian influenza (HPAI) in Kazakhstan. Interactive filtering tools allow data exploration by
geographic area, taxonomic group, and risk level.

Specifically, the developed unified geospatial analytical platform integrates multiple heterogeneous
spatial datasets. These include wild bird observation data from the eBird database, bird ringing and
migration data, waterbody and wetland data, and poultry density data obtained from databases, enabling
the visualization, exploration, and assessment of risks in near real time.

The platform is designed as a multi-layered geospatial system that allows users to combine and
visualize multiple data sets relevant to HPAI transmission dynamics (Figure 1).
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Figure 1. Distribution of wild bird observations by avian influenza risk groups in Kazakhstan,
obtained from the eBird database

The dashboard includes several interactive components presenting key categories of wild bird
observation risk data, derived from the eBird database. Observations are grouped according to taxonomic
and ecological risk categories, including waterfowl, shorebirds, gulls, and other species known to play
arole in maintaining and spreading the virus.

Data on bird ringing sites and migration routes make it possible to track the connections and routes
of cross-border movement of potential carriers of the avian influenza virus. Thus, migration routes
reconstructed based on bird ringing data demonstrate extensive ecological interconnections between
Kazakhstan and many regions of Eurasia, indicating potential routes for the long-distance spread of
avian influenza viruses (Figure 2).

Figure 2. Migratory connection of wild birds with Kazakhstan, obtained
on the basis of bird ringing data
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The platform also allows for comparison of observed disease outbreaks, i.e., the current epizootic
situation, with spatial patterns of predicted disease spread risk. This is additionally accomplished by
using data on officially registered cases of highly pathogenic avian influenza outbreaks among wild and
domestic birds (Figure 3).

Overlap analysis revealed partial spatial overlap between areas with high wild bird observation
densities and regions characterized by intensive poultry farming. These ecological boundaries may
represent potential hotspots for virus spread between wild and domestic bird populations.
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Figure 3. Spatial relationship between wild bird observations, poultry density and reported
outbreaks of highly pathogenic avian influenza (HPAI)

Overall, the developed geospatial information dashboard represents an effective digital tool for risk
monitoring and early warning of the emergence and spread of HPAI in Kazakhstan, contributing to a
better understanding of the spatial interactions between wild bird reservoirs and poultry farming systems.

Discussion

The dominant factor determining the epizootic risk of the emergence and spatial spread of highly
pathogenic avian influenza (HPAI) in the Republic of Kazakhstan is the large number and taxonomic
diversity of migratory ornithocomplexes that annually cross the country's territory [24]. According to
existing estimates, approximately 50 million individuals of waterfowl and semi-aquatic birds stopover
in Kazakhstan's water bodies during the spring and autumn migration periods, confirming the country's
status as one of the key and natural continental hubs for the concentration of migration flows [25, 26].

A key functional element of the developed geospatial analytical panel is the ability to differentiate
risk assessment based on the species of birds present in a specific geographic region. Of fundamental
importance here is the fact that different species demonstrate varying degrees of involvement in the
circulation and transmission of the HPAI virus. In the context of this study, based on an analysis of global
epizootological data, a set of ecological characteristics, and taxonomic similarity with verified carriers
of the infection, 137 avifauna species found in Kazakhstan were identified as potentially dangerous taxa
(risk species) [27].

The integration of heterogeneous ecological and epizootological datasets within a single interactive
geospatial monitoring platform represents a methodologically promising approach aimed at improving
the epidemiological surveillance system for highly pathogenic avian influenza. The spatial patterns
identified during the study correlate with known migratory routes and the habitats of wetland ecosystems
that support large populations of waterfowl. The spatial overlap of wild avifauna habitats and industrial
poultry farming sites forms an epizootically significant ecological cluster within which HPAI virus
transmission events from wild reservoir hosts to poultry are highly likely to occur. The implementation
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of interactive monitoring systems based on geographic information systems (GIS) technologies
creates the preconditions for increasing situational awareness and information and analytical support
for epizootological surveillance strategies for transboundary animal and bird infections based on risk
assessment principles.

From a practical standpoint, the developed dashboard can be actively operationalized within the
targeted active surveillance frameworks of state veterinary inspectorates. Specifically, risk zone maps
generated by the platform can serve as the basis for scheduling preventive inspections of commercial
poultry farms located within high-risk buffer zones identified by spatial overlay analysis. During peak
spring and autumn migration periods, inspectorates may use the dashboard’s real-time filtering tools to
prioritize biosecurity audits and intensify clinical and virological monitoring in farms situated within
10—15 km of major stopover wetlands or ringing recovery hotspots. Integration of the platform’s outputs
into national animal health information systems (e.g., the electronic veterinary reporting module of
the Ministry of Agriculture of the Republic of Kazakhstan) would further enhance the timeliness and
evidence-based nature of surveillance responses to emerging HPAI threats.

Conclusion

The developed geospatial dashboard represents an effective analytical and decision-making support
tool for monitoring the risk of highly pathogenic avian influenza in Kazakhstan. By integrating multiple
spatial datasets related to wild bird ecology, environmental conditions, and poultry farming, the system
enables the rapid identification of areas where conditions may favor the introduction and spread of the
virus. The approach presented in this study can contribute to the development of advanced veterinary
surveillance systems and can be adapted for monitoring other transboundary animal and avian diseases.
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Abstract

Background and Aim. Meat tenderness is a key determinant of consumer acceptance and product
quality; however, its evaluation in minced meat systems remains challenging due to the disruption of
muscle fiber structure. The present study aimed to assess the structural and tenderness properties of
minced beef derived from Angus and Akbas cattle using a penetration-based approach combined with
the Rebinder equation.

Materials and Methods. A comparative analysis was performed on minced beef samples obtained
from Angus and Akbas cattle (12 samples per breed). The structural and mechanical properties were
determined using a Structurometer ST-2 (Radius, Russia) fitted with a 60° cone indenter at 4—6 °C.
Structural resistance values were calculated using the Rebinder equation using penetration force and
depth parameters.

Results. Angus samples exhibited significantly lower force values (282.19 + 42.24 N) compared to
Akbas (308.68 £ 56.82 N), indicating reduced structural resistance and improved tenderness (p = 0.028).
Distribution analysis revealed greater variability in Akbas samples, suggesting more heterogeneous
structural properties. The application of the Rebinder model enabled normalization of mechanical
resistance and facilitated interpretation of structural behavior. These findings demonstrate that
penetration-based methods are suitable for minced meat systems and reveal significant breed- related
differences relevant for meat quality optimization.

Conclusion. Penetration-based analysis using the Structurometer ST-2 was effective for evaluating
the structural and mechanical properties of minced beef. Angus beef demonstrated lower structural
resistance and greater tenderness compared to Akbas beef. The results confirm the usefulness of the
Rebinder equation for interpreting mechanical properties and support the application of this approach in
meat quality assessment and industrial quality control. The study also highlights the potential to improve
beef processing efficiency and promoting high-quality domestic meat products in Kazakhstan.

Keywords: Akbas cattle; Angus cattle; meat quality; minced beef; penetration test; tenderness.

Introduction

Beef quality is a critical determinant of consumer acceptance, market competitiveness, and export
potential, particularly in countries seeking to expand their presence in the global meat industry. As
international trade becomes increasingly competitive, the demand for consistently high-quality meat
products continues to grow, making the evaluation of quality attributes an essential component of
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modern meat science. Among these attributes, tenderness and structural integrity are widely recognized
as key sensory and technological parameters that directly influence both consumer satisfaction and
processing efficiency. Tenderness is closely associated with the overall eating experience, while
structural integrity determines the behavior of meat during handling, processing, and storage. These
properties are interrelated; rather, they are governed by complex interactions involving muscle fiber
composition, the amount and organization of connective tissue, and a series of postmortem biochemical
processes, including proteolysis, water redistribution, and changes in muscle ultrastructure [1-4].

In recent years, increasing attention has been directed toward the evaluation of meat texture using
objective instrumental methods. This shift is largely driven by the limitations of traditional sensory
assessments, which, although valuable, are inherently subjective and influenced by panelist variability,
training, and environmental conditions. In contrast, instrumental techniques provide reproducible,
quantifiable, and standardized data, allowing for more accurate comparisons across studies, production
systems, and processing conditions. These methods are particularly important in research and industrial
settings, where measurement consistency and reliability are critical [5, 6].

Among the available instrumental approaches, penetration-based analysis has become a practical
and informative technique for assessing the structural resistance and mechanical strength of meat
systems. Unlike conventional shear force methods, such as Warner-Bratzler shear force, which are
primarily designed for intact muscle cuts, penetration methods offer distinct advantages when applied to
minced or ground meat products. In such systems, the disruption of muscle fiber orientation limits the
applicability of shear-based measurements, making penetration analysis a more suitable alternative. By
measuring the force required for a probe to penetrate a sample, this technique provides insight into the
resistance of the meat matrix to deformation and fracture [7, 8].

Parameters derived from penetration testing, including penetration resistance and structural strength
(e.g., PNS), serve as valuable indicators of the internal organization and stability of meat matrices.
These parameters reflect the combined effects of protein network formation, fat distribution, moisture
retention, and interactions between structural components within the product. As a result, penetration-
based measurements can be used not only to assess texture but also to monitor changes in product quality
during processing, storage, and formulation adjustments. Overall, the application of such objective
methods enhances the ability to characterize meat quality in a precise and scientifically robust manner,
supporting both research advancements and practical improvements in the meat industry.

The aim of this study was to compare the structural and mechanical properties of minced beef
obtained from Angus and Akbas cattle using a penetration-based method combined with the Rebinder
equation in order to objectively evaluate meat tenderness and structural resistance.

The novelty of the study lies in the application of penetration analysis combined with the Rebinder
equation for the evaluation of minced beef systems, where traditional shear force methods are less
informative due to the disruption of muscle fiber orientation. In addition, this is one of the first
comparative studies conducted in Kazakhstan using the Structurometer ST-2 to assess breed-related
differences between Angus and Akbas beef. The findings demonstrate the potential of this approach for
objective meat quality evaluation, industrial quality control, and optimization of beef processing.

Materials and Methods

A controlled comparative study was conducted using meat samples from Angus and Akbas cattle.
A total of twelve independent samples per breed were analyzed. The Longissimus dorsi muscle was
excised 24 hours post-mortem, vacuum-packaged, and stored at —20 °C. Prior to analysis, samples were
thawed at 4 °C for 24 hours to minimize structural alterations.

The samples were minced using a standardized meat grinder to obtain a homogeneous minced
structure. The minced meat was then placed into cylindrical containers of uniform dimensions to ensure
consistent geometry and boundary conditions during testing (Figure 1).
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B

Figure 1. Minced meat samples used in the study

Structural analysis was performed using a Structurometer ST-2 texture analyzer (Radius, Russia)
equipped with a 60° conical indenter. The penetration test was conducted at a controlled temperature of
approximately 4—6 °C. During the test, the indenter penetrated vertically into the sample while force and
penetration depth were continuously recorded. The cone constant was set to K = 0.334.

Structural resistance was calculated using the Rebinder equation:

o=Kxs 1)
where:
F-load value, H;
h is the penetration depth of the cone, m;
K is the cone constant, which depends on the cone apex angle (a).
The stability applied to the cone of the device with an angle of height o was calculated using the
following equation:

_ cos®(a/2)

- 2
wxtg(a/2) @

where:

o is the cone apex angle.
For a 45° cone: K~ 0.612
For a 60° cone: K =~ 0.334

This equation enables normalization of force relative to deformation and provides a more accurate
representation of the internal structural strength of the minced meat system.

Statistical analysis was performed using R software. Data were tested for normality using the
Shapiro—Wilk test, and differences between groups were assessed using an independent t-test. Statistical
significance was defined as p < 0.05. Descriptive statistics were calculated, and data distribution was
visualized using boxplots and mean comparison charts.

a) b)
Figure 2. Experimental setup for the Structurometer ST-2:
a) laptop used for data acquisition; b) Structrometer ST-2
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Results

The penetration test revealed clear differences in the structural properties between the two cattle breeds.
The mean penetration force for Akbas samples was 308.68 = 56.82 N, whereas Angus samples exhibited a
lower mean value of 282.19 + 42.24 N. This corresponds to an approximately 8.6% reduction in structural
resistance in Angus samples. The range of values was wider in Akbas samples (197.1-411.1 N) compared to
Angus (220.0-380.0 N), indicating greater variability.

The difference between the groups was statistically significant (p = 0.028), confirming that breed has
a measurable effect on the structural properties of minced beef. Structural resistance values calculated
using the Rebinder equation followed the same pattern, with Akbas exhibiting higher values (2.58)
compared to Angus (2.36), indicating a denser and more cohesive internal structure.

The distribution of penetration force values is illustrated in Figure 3. The boxplot shows that Akbas
samples had a higher median and a wider interquartile range, reflecting greater variability. In contrast,
Angus samples were more tightly clustered, indicating more uniform structural behavior.
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Figure 3. Distribution of penetration force values

The comparison of mean values is presented in Figure 4, which clearly demonstrates higher average
force values in Akbas samples compared to Angus.

Mean Force (N)

100 4
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Figure 4. Mean values of penetration force
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The lower penetration force values observed in Angus indicate reduced resistance to deformation
and improved tenderness, whereas higher values in Akbas reflect stronger structural integrity and lower

tenderness.

Table 1.The results of measuring the force during deformation of minced meat without adding fat

Sample Akbas Hardness, g | Angus Hardness, | Akbas (PNS, gPa) | Angus (PNS, gPa)
g
1 357.1 289.3 3.06 2.74
2 331.5 363.6 2.98 3.21
3 348.2 262.1 3.12 2.65
4 365.4 347.1 3.20 3.05
5 342.7 288.9 3.05 2.80
6 338.9 289.8 3.01 2.77
7 329.6 266.5 2.97 2.69
8 310.2 243.2 2.88 2.60
9 322.5 260.9 2.94 2.66
10 335.8 262.2 3.00 2.70
11 305.4 233.3 2.85 2.55
12 340.1 279.4 3.03 2.73

Asshown in Table 1, significant differences were observed in the structural and mechanical properties
of the Akbas and Angus minced meat samples.

In the Akbas samples, the force values ranged from 305.4 to 365.4 g, showing generally higher
values than in the Angus samples. This suggests that Akbas minced meat has a denser texture and
greater hardness.

In the Angus samples, the force values ranged from 233.3 to 363.6 g. Although higher values were
observed in some samples (for example, 2 and 4), they tended to be lower than in Akbas.

The PNS indicators also showed a similar trend: the Akbas samples had 2.85-3.20 gPa, and the
Angus samples had 2.55-3.21 gPa. Overall, the Akbas samples demonstrated greater structural stability
and elasticity. Thus, the Akbas minced beef samples exhibited greater structural strength than the Angus
samples.

320 4
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240 -
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Figure 5. Comparison of Meat Hardness Between Akbas and Angus Beef Samples
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The Figure 5 shows a comparison of the hardness (usilie) indicators of minced meat samples Akbas
and Angus. It has been shown that the Akbas samples have higher overall values, which indicates that
their structure is denser and more durable.
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Figure 6. Comparison of Texture Strength (PNS) in Beef Samples from Akbas and Angus Breeds
As shown in Figure 6, the Akbas samples demonstrate relatively high PNS values,
indicating enhanced structural stability and mechanical strength

Discussion

The results of this study demonstrate that beef from the Angus breed exhibits significantly lower
structural resistance compared to Akbas, indicating greatertenderness. This finding is consistent with
the general understanding in meat science that tenderness is one of the most important determinants
of consumer acceptance and overall eating quality. The statistically significant difference observed
between the two groups (p = 0.028) confirms that breed-related factors have a measurable effect on the
mechanical behavior of minced beef systems.

A key factor underlyingthese differences is likely the variation in intramuscular fat (IMF) content
between breeds. Angus cattle are known for higher marbling, which has been consistently associated
with improved tenderness and palatability. Intramuscular fat disrupts the continuity of the muscle protein
network, reducing mechanical resistance and increasing deformability. As a result, less force is required
to penetrate the meat matrix, which explains the lower penetration force and PNS values observed
in Angus samples. Previous studies have demonstrated that IMF contributes positively to tenderness
by weakening structural cohesion and improving juiciness and mouthfeel [9]. In contrast, the higher
resistance observed in Akbas samples suggests a denser protein structure, potentially linked to lower fat
content and a relatively greater contribution of connective tissue.

The structural differences observed in this study can also be explained by fundamental mechanisms
governing meat texture. Tenderness is influenced by the interaction between myofibrillar proteins,
connective tissue (particularly collagen cross-linking), and postmortem proteolysis processes. Increased
connective tissue content and stronger collagen cross-links typically lead to higher resistance to
deformation and reduced tenderness, which may explain the higher penetration values recorded in
Akbas meat [4, 10].

An important methodological aspectis the use of minced meat systems. Grinding disrupts muscle
fiber orientation and eliminates anisotropic properties that are typically measured using shear force
techniques such as Warner-Bratzler analysis. Under these conditions, penetration testing is more suitable,
as it reflects the bulk mechanical resistance of the product rather than directional fiber strength. The
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consistency between penetration force and PNS values observed in this study supports the reliability of
this approach for evaluating minced meat structure. Similar conclusions have been reported in texture
research, where penetration methods are considered more appropriate for heterogeneous or processed
systems [11].

The greater variability observed in Akbas samples is another important finding. The wider range
and dispersion of penetration force values indicate a less uniform internal structure. This heterogeneity
may be associated with uneven distribution of connective tissue or variability in muscle composition.
In contrast, Angus samples showed a more consistent pattern, which may reflect more uniform fat
distribution within the meat matrix. From an industrial perspective, such uniformity is highly desirable,
as it ensures consistent processing performance and product quality. Variability in raw material properties
can negatively affect technological processes such as grinding, mixing, and cooking, ultimately leading
to inconsistent texture in the final products [12].

The application of the Rebinder equation to calculate structural strength (PNS) provides an additional
level of interpretation beyond simple force measurements. While penetration force reflects resistance
to deformation, PNS represents the intrinsic mechanical stability of the material. The fact that both
parameters showed the same trend, with higher values in Akbas and lower values in Angus, confirms the
robustness of the results. Although this approach is not widely used in meat science, it offers a valuable
tool for standardizing mechanical measurements and improving comparability across studies.

Overall, the findings highlight clear breed-related differences in the structural and mechanical
properties of minced beef. Angus meat appears more suitable for products where tenderness and
uniformity are key quality attributes, whereas Akbas meat demonstrates higher structural strength,
which may be advantageous in products requiring greater mechanical stability. However, it is important
to note that meat texture is influenced by multiple factors beyond breed, including feeding system,
animal age, and postmortem handling conditions. Future research combining instrumental analysis with
microstructural and compositional studies would provide a more comprehensive understanding of the
mechanisms underlying these differences.

Conclusions

Penetration-based analysis using the Structurometer ST-2 provides a reliable method for evaluating
the structural properties of minced meat. Angus beef exhibited significantly lower structural resistance
compared to Akbas, indicating superior tenderness. The integration of the Rebinder equation enhances
the interpretation of mechanical data and supports its application in both scientific research and industrial
quality control.

This study provides a comprehensive evaluation of the structural and mechanical properties of
minced beef. The mass of minced meat affects its density, elasticity, and strength. The comparative
evaluation of minced beef from Angus and Akbas cattle suggests that products from these breeds may
be recommended for different applications according to their structural and mechanical characteristics.
The work was performed at the Shakarim University in Semey, Abai region. The results of this study
may contribute to future comprehensive research on improving the structural and mechanical properties
of beef, thereby supporting agricultural development and providing consumers with high-quality
domestically produced beef products.

Authors 'Contributions

GZh: conducted a comprehensive literature search, analyzed the gathered data and drafted the
manuscript. GA, GA: contributed to data interpretation, manuscript editing, and overall study supervision.
BB: conducted the final revision and proofreading of the manuscript. All authors have read, reviewed,
and approved the final manuscript”.

Acknowledgements

The authors are grateful to Nazerke Rakhifovna Muslimova, Master of Technical Sciences and PhD
student of the Department of Food Technologies, for her assistance in working with the Structurometer
ST-2. This research was funded by the Committee of Science of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP27508635).

77



CENTRAL ASTAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

Statement on Competing Interests
The authors declare that they have no competing interests.

References

1 Geletu, U.S., Usmael, M.A.,, Mummed, Y.Y., Ibrahim, A.M. (2021). Quality of cattle
meat and its compositional constituents. Veterinary Medicine International, 7340495,1-9.
DOI:10.1155/2021/7340495.

2 Gagaoua, M., Terlouw, C.E.M., Mullen, A.M., Franco, D., Warner, R.D., Lorenzo, J.M., Purslow,
P.P., Gerrard, D., Hopkins, D.L., Troy, D., Picard, B. (2021). Molecular signatures of beef tenderness:
Underlying mechanisms based on integromics of protein biomarkers from multi-platform proteomics
studies. Meat Science, 172, 108311. DOI: 10.1016/j.meatsci.2020.108311.

3 Felderhoft, C., Lyford, C., Malaga, J., Polkinghorne, R., Brooks, C., Garmyn, A., Miller, M.
(2020). Beef quality preferences: Factors driving consumer satisfaction. Foods, 9(3), 289. DOI:10.3390/
f00ds9030289.

4 Warner, R., Miller, R., Ha, M., Wheeler, T.L., Dunshea, F., Li, X., Vaskoska, R., Purslow, P.
(2021). Meat tenderness: Underlying mechanisms, instrumental measurement, and sensory assessment.
Meat and Muscle Biology, 4(2): 17, 1-25. DOI:10.22175/mmb.10489.

5 Maggiolino, A.A., Forte, L., Hopkins, D.L., Tomasevic, I., De Palo, P. (2026). A comparative
analysis of volatile organic compound profiles and detection methodologies across beef, sheep, goat, pig,
camel, donkey, horse and alpaca meats. Meat Sci., 232, 109982. DOI: 10.1016/j.meatsci.2025.109982.

6 Liu, C, Li, Y., Sun, W., Ma, F., Wang, X., Yang, Z. (2025). New Techniques of Meat Quality
Assessment for Detecting Meat Texture. Processes, 13(3), 640. DOI: 10.3390/pr13030640.

7 Schlangen, M., Kyriakopoulou, K., Boom, R.M., van der Goot, A. Jan. (2021). Texture methods
for evaluating meat and meat analogue structures: A review. Food Control, 127,108103. DOI: 10.1016/j.
foodcont.2021.108103.

8 Abdul M., Kumar, P., Bin Mohammad Rashedi, I-F., Mohd Zaki, N.N., Arshad, S., Ishak,
I. (2024). Impact of ground size on meat quality and meat products: a review. Cogent Food and
Agriculture, 11(1). DOI: 10.1080/23311932.2025.2557336.

9 Tornberg, E. (2005). Effects of heat on meat proteins - Implications on structure and quality of
meat products. Meat Science, 70(3), 493-508. DOI: 10.1016/j.meatsci.2004.11.021

10 Starkey, C.P., Geesink , G.H., Collins, D., Oddy, V.H., Hopkins, D.L. (2016). Do sarcomere
length, collagen content, pH, intramuscular fat and desmin degradation explain variation in the tenderness
of three ovine muscles? Meat Sci., 113, 51-8. DOI: 10.1016/j.meatsci.2015.11.013.

11 Mitchell, J. (2003). Food Texture and Viscosity: Concept and Measurement. Int. J. Food Sci.
Technol., 38, 7.

12 Toldra, F. (2022). Lawrie’s Meat Science. Woodhead Publishing, 9.

78



CENTRAL ASIAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

How to cite: Tastemirova, Sh.A., Bolkenov, B.T. (2026). Phenotypic antimicrobial susceptibility of Escherichia coli
isolated from bovine superficial cervical (prescapular) lymph nodes from market-derived bovine products in Semey,
Kazakhstan. Central Asian J. Vet. Science, 2(014), 79-88. DOI: https://doi.org/10.51452/cajvs.2026.2(014).2197

Research article

Phenotypic antimicrobial susceptibility of Escherichia coli isolated from bovine superficial
cervical (prescapular) lymph nodes from market-derived bovine products in Semey,
Kazakhstan

Shynar A. Tastemirova “=, Bakytzhan T. Bolkenov
Research School of Veterinary Medicine and Agriculture, Shakarim University, Semey, Kazakhstan
Corresponding author: Shynar A. Tastemirova: shinar2727@gmail.com
Co-author: (1: BB) b.bolkenov(@shakarim.kz
Received: 19-09-2024 Accepted: 25-09-2024 Published: 30-09-2025
Copyright: Tastemirova, Sh.A., et al. This article is an open access article distributed

under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/)

Abstract

Background and Aim. Bovine lymph nodes are relevant to veterinary diagnostics and beef safety
because bacteria within lymphatic tissue may evade carcass surface decontamination and enter the
food chain. The aim of this study was to describe the phenotypic antimicrobial susceptibility profile
of E. coli isolated from bovine superficial cervical (prescapular) lymph nodes collected from market-
derived bovine products in Semey, Kazakhstan.

Materials and Methods. Thirty-two E. coli isolates recovered in autumn from bovine prescapular
lymph nodes during pre-sale veterinary-sanitary inspection were tested by disk diffusion on Mueller-
Hinton agar. Eighteen antimicrobial agents were evaluated. Final susceptible/intermediate/resistant
(S/1/R) categories were determined using CLSI breakpoints where applicable, and Wilson 95% confidence
intervals were calculated for susceptible proportions. Isolate-level MDR profiles were summarized from
the available phenotypic susceptibility profiles.

Results. The highest susceptibility was observed for gentamicin and amikacin (32/32 each; 100%),
followed by enrofloxacin and ceftriaxone (31/32 each; 97%), and ciprofloxacin, cefotaxime, and
amoxicillin/clavulanate (30/32 each; 94%). High susceptibility was also observed for azithromycin and
tetracycline (29/32 each; 91%), streptomycin (28/32; 88%), and kanamycin and neomycin (27/32 each;
84%). Lower susceptibility was observed for imipenem (18/32; 56%), amoxicillin (14/32; 44%), and
doxycycline (4/32; 12%). The highest resistance rates were detected for benzylpenicillin (32/32; 100%
R), tylosin (30/32; 94% R), doxycycline (15/32; 47% R), and amoxicillin (10/32; 31% R). Isolate-level
analysis classified 17/32 isolates (53.1%) as MDR; the dominant resistant classes in MDR isolates were
penicillins/beta-lactams, macrolides, and tetracyclines.

Conclusion. E. coli isolated from bovine prescapular lymph nodes showed a heterogeneous
susceptibility profile. Gentamicin and amikacin showed complete in vitro susceptibility, and
fluoroquinolones and third-generation cephalosporins retained high activity against most isolates. In
contrast, benzylpenicillin and tylosin showed poor activity based ondescriptive phenotypic observations,
whereas doxycycline and aminopenicillin-related agents showed mixed or reduced activity. MDR was
detected in 17/32 isolates (53.1%), with isolate-level profiles dominated by combinations involving
penicillins/beta-lactams, macrolides, and tetracyclines. These data support continued phenotypic
surveillance of carcass-associated tissues and should be interpreted together with approved indications,
food-animal regulations, and antimicrobial stewardship principles rather than as empirical treatment
recommendations.

Keywords: antimicrobial susceptibility; beef safety; Escherichia coli; market-derived bovine
product; prescapular lymph node.
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Introduction

Antimicrobial resistance (AMR) in cattle-associated E. coli remains important for both veterinary
medicine and food safety. E. coli is commonly used as an indicator organism in AMR surveillance
because it is widespread in food-producing animals, clinically relevant, and able to acquire and
disseminate resistance determinants [1].

Peripheral lymph nodes have attracted increasing attention in beef safety because bacteria located
inside these tissues may escape surface decontamination and later enter trimmings used for ground
products. While subiliac and popliteal lymph nodes are studied more often, data on superficial cervical
(prescapular) lymph nodes remain relatively limited [2, 3].

Published studies from cattle lymph nodes, slaughterhouse environments, and dairy systems
indicate heterogeneous susceptibility patterns. Resistance commonly persists against tetracyclines,
aminopenicillins, and some older agents, whereas selected aminoglycosides, fluoroquinolones, and third-
generation cephalosporins may retain in vitro activity depending on region and production context [4-9].

Such variability makes local phenotypic monitoring essential, particularly when isolates originate
from products intended for human consumption. In the present case, the isolates were obtained during
pre-sale inspection at markets in Semey, Kazakhstan, giving the results direct relevance for veterinary-
sanitary control and food-chain surveillance.

The aim of this study was to describe the phenotypic antimicrobial susceptibility profile of E. coli
isolated from bovine superficial cervical (prescapular) lymph nodes collected from market-derived
bovine products in Semey, Kazakhstan. This manuscript is intentionally limited to conventional
phenotypic susceptibility data and does not include PCR, sequencing, virulence profiling, or phylogenetic
characterization. Therefore, the results should be interpreted as a preliminary local descriptive dataset
rather than as a comprehensive molecular epidemiological investigation.

Materials and Methods

Ethical approval

The study used products sampled during routine pre-sale veterinary-sanitary inspection and did not
involve experimental procedures on live animals; therefore, specific animal ethics approval was not
required according to local practice. No personal data or farm identifiers were used in the analytical
dataset.

Study design and sample origin

This work is a descriptive laboratory study based on the antimicrobial susceptibility component of
an existing diagnostic dataset. Thirty-two E. coli isolates recovered from bovine superficial cervical
(prescapular) lymph nodes were included. The lymph nodes obtained from cattle products presented for
sale at markets in Semey, Kazakhstan, and were sampled in autumn during routine pre-sale veterinary-
sanitary inspection. The study did not involve experimental infection or manipulation of live animals.
Because the samples were obtained from market-derived products rather than a prospective farm-level
sampling design, animal age, production type (beef or dairy), farm of origin, geographic origin before
marketing, and previous antimicrobial exposure history were not available in the analytical dataset.

Phenotypic confirmation by Gram staining

Before antimicrobial susceptibility testing, presumptive E. coli isolates were examined by Gram
staining as a phenotypic confirmation method. Smears were prepared from fresh pure cultures, stained
using the conventional Gram-staining procedure, and examined microscopically. Isolates showing
Gram-negative, rod-shaped morphology consistent with E. coli were included in the antimicrobial
susceptibility analysis.

Disk diffusion testing

The disk-diffusion workflow was described based on the available laboratory records and routine
laboratory procedures for antimicrobial susceptibility testing. For each isolate, bacterial material from a
fresh pure culture was used to prepare a homogeneous suspension following routine laboratory practice.
Mueller-Hinton agar was prepared according to the manufacturer’s instructions and poured into Petri
dishes to an approximate depth of 4 mm. The bacterial suspension was applied to the agar surface with
a sterile cotton swab by evenly streaking the plate. After the surface had dried briefly, antibiotic disks
were placed at appropriate intervalson the inoculated agar surface. Plates were incubated aerobically
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under routine laboratory conditions, after which inhibition zone diameters were measured in millimeters
using a ruler or caliper. Representative stages of sample handling, lymph-node preparation, and disk-
diffusion testing are shown in Figure 1.

Figure 1. Main laboratory stages: A — pathological material; B — lymph-node separation;
C — agar plate with antibiotic disks; D — incubated plates

Antimicrobial panel and interpretation

The antimicrobial panel included doxycycline, tylosin, kanamycin, streptomycin, tetracycline,
neomycin, ampicillin, azithromycin, ciprofloxacin, enrofloxacin, benzylpenicillin, amoxicillin/
clavulanate, amoxicillin, ceftriaxone, cefotaxime, imipenem, gentamicin, and amikacin. Final
susceptible/intermediate/resistant (S/I/R) categories were determined using CLSI breakpoints where
applicable. Azithromycin was interpreted using the following criteria: S >= 13.5 mm, [ = 12.5-13
mm, and R <= 12 mm. The present study focuses oninhibition-zone diameters and overall phenotypic
susceptibility patterns. Benzylpenicillin and tylosin were retained because they were included in the
original local laboratory testing panel; however, these agents are not intended to serve as preferred
clinical indicators for Enterobacterales. Agent-organism combinations with limited or non-harmonized
interpretive criteria are discussed cautiously and presented as phenotypic monitoring data rather than
direct therapeutic recommendations [10]. For isolate-level MDR evaluation, multidrug resistance (MDR)
was defined as resistance to at least one agent in three or more antimicrobial classes [11]. Intermediate
results were not considered resistant in this classification. Resistant classes were determined from the
available phenotypic susceptibility profiles, and the resistant agents contributing to each MDR profile
were summarized at isolate level.

Statistical analysis

Descriptive statistics were used. For each antimicrobial agent, the mean inhibition-zone diameter
and the percentage of isolates categorized as S, I, and R were recorded. Wilson 95% confidence intervals
(ClIs) were calculated for susceptible proportions to reflect the uncertainty associated with the limited
sample size. In addition to agent-level descriptive analysis, isolate-level MDR profiles were summarized
by listing resistant antimicrobial agents and antimicrobial classes for each MDR-positive isolate. The
MDR proportion was calculated by dividing the number of MDR isolatesby the total number of examined
isolates. Inferential statistical testing and animal- or farm-level risk-factor analysis were not performed
because the available metadata were limited.

Results

All isolates included in the susceptibility analysis showed Gram-negative, rod-shaped morphology
on Gram staining, supporting their phenotypic consistency with E. coli. Representative stages of sample
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handling and disk-diffusion testing are shown in Figure 1. Susceptibility results and isolate-level MDR
profiles are summarized in Table 1, Figure 2, and Table 2.

Table 1. Phenotypic antimicrobial susceptibility profile of E. coli isolates according to CLSI
breakpoints (n = 32)

Antimicrobial Mean zone, S, n (%) I, n (%) R, n (%) S 95% CI, %
mm
Doxycycline 12.9 4(12) 13 (41) 15 (47) 5.0-28.1
Tylosin 9.1 0(0) 2 (6) 30 (94) 0.0-10.7
Kanamycin 19.4 27 (84) 5(16) 0(0) 68.2-93.1
Streptomycin 19.1 28 (88) 3(09) 1(3) 71.9-95.0
Tetracycline 17.7 29 (91) 2 (6) 1(3) 75.8-96.8
Neomycin 18.7 27 (84) 39 2 (6) 68.2-93.1
Ampicillin 18.3 22 (69) 4(12) 6 (19) 51.4-82.0
Azithromycin 24.0 29 (91) 0 (0) 309 75.8-96.8
Ciprofloxacin 324 30 (94) 1(3) 1(3) 79.9-98.3
Enrofloxacin 29.7 31(97) 0(0) 1(3) 84.3-99.4
Benzylpenicillin 6.5 0(0) 0(0) 32 (100) 0.0-10.7
Amoxicillin/clavulanate 21.3 30 (94) 0(0) 2 (6) 79.9-98.3
Amoxicillin 15.6 14 (44) 8 (25) 10 (31) 28.2-60.7
Ceftriaxone 32.1 31(97) 0(0) 1(3) 84.3-99.4
Cefotaxime 31.7 30 (94) 1(3) 1(3) 79.9-98.3
Imipenem 23.2 18 (56) 9 (28) 5(16) 39.3-71.8
Gentamicin 23.4 32 (100) 0 (0) 0(0) 89.3-100.0
Amikacin 22.6 32 (100) 0 (0) 0(0) 89.3-100.0

Note: S/I/R, susceptible/intermediate/resistant; CI, confidence interval; CLSI, Clinical and
Laboratory Standards Institute. S/I/R categories were assigned using the provided CLSI breakpoints
where applicable. Azithromycin was interpreted as S > 13.5 mm, [ = 12.5—-13 mm, and R < 12 mm. “="
entries were treated as 0 mm/no inhibition zone so that n = 32 for every antimicrobial. Wilson 95% CI
is shown for the susceptible proportion. Selected agent—organism combinations with limited interpretive
relevance for Enterobacterales should be regarded as descriptive phenotypic observations rather than
treatment recommendations.
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Figure 2. Percentage of susceptible isolates for the tested antimicrobials
(n = 32; ordered by susceptible proportion)

Based on the updated CLSI interpretation, the highest susceptible proportions were observed for
gentamicin and amikacin (32/32 each; 100%; Wilson 95% CI 89.3-100.0%). Very high susceptibility
was also observed for enrofloxacin and ceftriaxone (31/32 each; 97%), followed by ciprofloxacin,
cefotaxime, and amoxicillin/clavulanate (30/32 each; 94%), azithromycin and tetracycline (29/32 each;
91%), streptomycin (28/32; 88%), and kanamycin and neomycin (27/32 each; 84%).

Lower or variable susceptibility was observed for ampicillin (22/32; 69%), imipenem (18/32;
56%), and amoxicillin (14/32; 44%). Excluding benzylpenicillin and tylosin, which were retained as
descriptive phenotypic observations, doxycycline showed the lowest susceptible proportion among the
remaining agents (4/32; 12%) and also showed a large intermediate fraction (13/32; 41%) and high
resistance (15/32; 47%).

The highest resistance rates were recorded for benzylpenicillin (32/32; 100%), tylosin (30/32;
94%), doxycycline (15/32; 47%), amoxicillin (10/32; 31%), ampicillin (6/32; 19%), and imipenem
(5/32; 16%). Resistance to aminoglycosides, fluoroquinolones, and third-generation cephalosporins was
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rare or absent, with no gentamicin or amikacin resistance and only one resistant isolate for ciprofloxacin,
enrofloxacin, ceftriaxone, and cefotaxime.

Seventeen isolates were classified as MDR (17/32; 53.1%)). Isolate-level MDR profiles are summarized
in Table 2. Among MDR isolates, resistance most frequently involved penicillins/beta-lactams (17/17),
macrolides (16/17), and tetracyclines (14/17), whereas fewer MDR isolates showed resistance involving
carbapenems (5/17), aminoglycosides (2/17), and third-generation cephalosporins (1/17).

Table 2. Isolate-level MDR profiles of E. coli isolates

Isolate | No. of resistant Resistant antimicrobial classes Resistant antimicrobials
No. classes
2 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)
4 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline), TYL
(TYL); Penicillins/beta-lactams (AMX) | (Tylosin), AMX (Amoxicillin)
6 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)
7 4 Tetracyclines (DOX); Macrolides DOX (Doxycycline), TYL
(TYL, AZM); Aminoglycosides (Tylosin), NEO (Neomycin),
(NEO); Penicillins/beta-lactams (PEN) | AZM (Azithromycin), PEN
(Benzylpenicillin)
8 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL, AZM); Penicillins/beta-lactams | TYL (Tylosin), AZM
(PEN) (Azithromycin), PEN
(Benzylpenicillin)

10 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),

(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)

14 4 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN); | TYL (Tylosin), PEN
Carbapenems (IPM) (Benzylpenicillin), IPM

(Imipenem)

16 4 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN, | TYL (Tylosin), PEN
AMX); Carbapenems (IPM) (Benzylpenicillin), AMX

(Amoxicillin), [IPM
(Imipenem)

17 3 Tetracyclines (DOX, TET); Macrolides | DOX (Doxycycline), TYL

(TYL); Penicillins/beta-lactams (PEN) [ (Tylosin), TET (Tetracycline),
PEN (Benzylpenicillin)

21 3 Macrolides (TYL); Aminoglycosides TYL (Tylosin), STR

(STR); Penicillins/beta-lactams (PEN) [ (Streptomycin), PEN
(Benzylpenicillin)

23 3 Macrolides (TYL); Penicillins/beta- TYL (Tylosin), PEN
lactams (PEN, AMX); Third-generation | (Benzylpenicillin), AMX
cephalosporins (CRO, CTX) (Amoxicillin), CRO

(Ceftriaxone), CTX
(Cefotaxime)
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Continuation of Table 2

25 4 Tetracyclines (DOX); Macrolides DOX (Doxycycline), TYL
(TYL); Penicillins/beta-lactams (AMP, | (Tylosin), AMP (Ampicillin),
PEN); Carbapenems (IPM) PEN (Benzylpenicillin), [IPM
(Imipenem)
26 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)
27 3 Tetracyclines (DOX); Penicillins/beta- | DOX (Doxycycline), PEN
lactams (PEN); Carbapenems (IPM) (Benzylpenicillin), [IPM
(Imipenem)
28 3 Macrolides (TYL); Penicillins/beta- TYL (Tylosin), PEN
lactams (PEN, AMX); Carbapenems (Benzylpenicillin), AMX
(IPM) (Amoxicillin), [IPM
(Imipenem)
31 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)
32 3 Tetracyclines (DOX); Macrolides DOX (Doxycycline),
(TYL); Penicillins/beta-lactams (PEN) | TYL (Tylosin), PEN
(Benzylpenicillin)

Note: Antimicrobial abbreviations: DOX, doxycycline; TYL, tylosin, STR, streptomycin, TET,
tetracycline; NEO, neomycin, AMP, ampicillin;, AZM, azithromycin, PEN, benzylpenicillin; AMX,
amoxicillin;, CRO, ceftriaxone; CTX, cefotaxime; IPM, imipenem. Only resistant antimicrobials
recorded in MDR isolates are listed.

Discussion

This dataset from prescapular lymph nodes associated with market-derived bovine products
showed a heterogeneous phenotype rather than generalized resistance. Gentamicin and amikacin
showed complete in vitro susceptibility, and susceptibility to fluoroquinolones and third-generation
cephalosporins remained high, although not absolute. In contrast, benzylpenicillin and tylosin showed
the lowest in vitro activity, while doxycycline, amoxicillin, ampicillin, and imipenem showed mixed or
reduced susceptibility. The isolate-level MDR table further showed that MDR was present in more than
half of the examined isolates and was mainly driven by combinations involving penicillins/beta-lactams,
macrolides, and tetracyclines.

The generally high susceptibility to ceftriaxone, cefotaxime, ciprofloxacin, and gentamicin was
broadly consistent with previous cattle-associated studies. Grispoldi et al. reported high susceptibility
of bovine lymph-node E. coli isolates to ceftriaxone, ciprofloxacin, cefotaxime, and gentamicin [2].
Similarly, slaughterhouse- and red-meat-production studies by Vazquez-Villanueva et al. and Guragain
et al. showed that E. coli resistance patterns can vary by processing environment and production context,
with some higher-importance agents retaining activity in specific datasets [5, 9].

The reduced or variable susceptibility todoxycycline, amoxicillin, and ampicillin agree with broader
evidence that tetracycline and aminopenicillin-related resistance remains common in cattle-associated
E. coli. Comparable patterns have been described in Canadian dairy herds, Bavarian dairy farms,
Australian pasture-based dairy systems, and cattle isolates carrying diverse resistance genes [4, 6-8]. In
the present dataset, doxycycline resistance was more prominent than tetracycline resistance, which may
reflect differences in local breakpoint interpretation, disk performance, or isolate-level phenotype rather
than a uniform class-wide pattern.

The added MDR table providesepidemiological detail beyond the agent-level susceptibility
percentages. The most frequent resistant components among MDR isolates were benzylpenicillin and
tylosin (16/17 MDR isolates each) and doxycycline (14/17), followed by imipenem (5/17) and amoxicillin
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(4/17). Less frequent MDR components included azithromycin, neomycin, tetracycline, streptomycin,
ceftriaxone, cefotaxime, and ampicillin. This pattern suggests that MDR in the present dataset was
driven mainly by specific older or locally tested agents, whereas resistance to most fluoroquinolones and
aminoglycosides remained uncommon.

Direct comparison with surveillance data from Central Asiaremains limited because available
studies differ in animal category, sample source, and laboratory methods. Nevertheless, recent data from
Kazakhstan demonstrate that bovine E. coli can carry clinically relevant resistance determinants; Alexyuk
et al. reported a multidrug-resistant bovine E. coli isolate from Kazakhstan with multiple antimicrobial-
resistance genes and phenotypic resistance to several drug classes [13]. A global geospatial analysis
of food-animal AMR identified parts of Central Asia as predicted AMR hotspots; it also reported high
average resistance prevalence to tetracycline in E. coli across low- and middle-income countries and
found that many Asian locations were associated with penicillins or sulphonamides crossing critical
resistance levels in future projections [14]. At the national level, Kazakhstan is developing AMR
containment and veterinary-sector surveillance activities under a One Health framework [15].

The poor activity of benzylpenicillin and tylosin should not be interpreted as a direct therapeutic
ranking because selected agent-organism combinations in the local panel have limited clinical relevance
for Enterobacterales. Therefore, the MDR combinations shown in Table 2 are best understood as
descriptive phenotypic patterns based onthe available panel. They should not be used as empirical
treatmentrecommendations, especially for critically important agents or combinations lacking harmonized
interpretive criteria. This interpretation is consistent with antimicrobialstewardship principles and with
guidance emphasizing responsible and prudent antimicrobial use in veterinary medicine [10, 12].

This study has several limitations. First, this study included 32 E. coli isolates collected from market-
derived bovine products in Semey during one season; therefore, the findings should be interpreted
as preliminary local phenotypic data rather than as regional prevalence estimates. Second, although
isolate-level MDR classification and Table 2 were added, complete animal- and farm-level metadata,
including cattle age, production type, geographic origin before marketing, and previous antimicrobial
exposure history, were not available. Third, complete disk lot metadata and quality-control records
were not fully available in the laboratory documentation, and selected agent-organism combinations
have limited interpretive relevance for E. coli. Fourth, PCR, sequencing, virulence-factor detection,
and phylogenetic characterization were outside the scope of this work. Future studies should include
larger numbersof samples, include prospective multi-season and multi-site sampling, retain isolate-
level raw measurements and quality-control records, and combine phenotypic testing with molecular
characterization of resistance determinants.

From a food-safety standpoint, monitoring peripheral lymph nodes may complement routine carcass-
surface hygiene assessment because microorganisms located within lymphatic tissue are less accessible
to external decontamination and may persist until trimming or further processing. For veterinary-sanitary
control in Semey, continued seasonal sampling of such tissues could improve local risk assessment and
support evidence-based surveillance of beef products offered for sale.

Conclusion

E. coli isolated from bovine superficial cervical (prescapular) lymph nodes sampled from market-
derived bovine products in Semey showed a heterogeneous phenotypic susceptibility profile. Gentamicin
and amikacin showed complete in vitro susceptibility, and fluoroquinolones and third-generation
cephalosporins retained high activity against most isolates. By contrast, benzylpenicillin and tylosin
showed poor activity based ondescriptive phenotypic observations, and doxycycline, amoxicillin, and
imipenem showed reduced or mixed susceptibility. Seventeen E. coli isolates were classified as MDR,
corresponding to an MDR frequency of 17/32 isolates (53.1%). The MDR profiles mainly involved
resistance topenicillins/beta-lactams, macrolides, and tetracyclines, as shown in the added isolate-level
table. Given the limited sample size, incomplete animal-level information, incomplete quality-control
metadata, and absence of molecular characterization, these findings should be interpreted as preliminary
local phenotypic surveillance data. These findingssupport continued monitoring of carcass-associated
tissues and should be considered in conjunction with approved indications, food-animal regulations, and
antimicrobial stewardship principles.

86



CENTRAL ASIAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

Authors' Contributions

ST: contributed to the study conception and design, sample processing, laboratory testing, data
organization, descriptive analysis, visualization, and preparation of the original manuscript draft. BB:
supervised the study, contributed to methodology validation and interpretation of results, and critically
revised the manuscript. Both authors read and approved the final version of the manuscript.

Acknowledgements

This research was funded by the Committee of Science of the Ministry of Science and Higher
Education of the Republic of Kazakhstan AP27508635.

The authors are grateful to the staff involved in routine pre-sale veterinary-sanitary inspection and
laboratory procedures in Semey, Kazakhstan, for their technical assistance.

Statement on Competing Interests
The authors declare that they have no competing interests.

References

1 Mihailovskaya, V.S., Starcic Erjavec, M., Kuznetsova, M.V. (2024). Escherichia coli from
healthy farm animals: Antimicrobial resistance, resistance genes and mobile genetic elements. Acta
Veterinaria Hungarica, 72(4), 225234. DOI:10.1556/004.2024.01102.

2 Grispoldi, L., Karama, M., Hadjicharalambous, C., de Stefani, F., Ventura, G., Ceccarelli, M.,
Revoltella, M., Sechi, P., Crotti, C., D'Innocenzo, A., Couto-Contreras, G., Cenci-Goga, B. (2020).
Bovine lymph nodes as a source of Escherichia coli contamination of the meat. /nternational Journal of
Food Microbiology, 331, 108715. DOI: 10.1016/j.ijfoodmicro.2020.108715.

3 Zhang, P., Wang, H., Klima, C., Yang, X. (2024). Microbiota in lymph nodes of cattle harvested
in a Canadian meat processing plant. Food Research International, 191, 114693. DOI: 10.1016/.
foodres.2024.114693.

4 Fonseca, M., Heider, L.C., Stryhn, H., McClure, J.T., Leger, D., Rizzo, D., Warder, L., Dufour,
S., Roy, J-P., Kelton, D.F., Renaud, D., Barkema, H.W., Sanchez, J. (2023). Intramammary and systemic
use of antimicrobials and their association with resistance in generic Escherichia coli recovered from
fecal samples from Canadian dairy herds: A cross-sectional study. Preventive Veterinary Medicine, 216,
105948. DOI: 10.1016/j.prevetmed.2023.105948.

5 Vazquez-Villanueva,J., Vazquez, K., Martinez-Vazquez, A.V., Wong-Gonzalez, A., Hernandez-
Escareno, J., Cabrero-Martinez, O., Cruz-Pulido, W.L., Guerrero, A., Rivera, G., Bocanegra-Garcia, V.
(2023). Molecular and antimicrobial susceptibility characterization of Escherichia coli isolates from
bovine slaughterhouse process. Antibiotics, 12(2), 291. DOI:10.3390/antibiotics12020291.

6 Pirner, L.H., Petzl, W., Gangl, A., Huber-Schlenstedt, R., Sorge, U.S. (2024). In vitro
antimicrobial resistance of Escherichia coli, Serratia marcescens, Klebsiella oxytoca, and Klebsiella
pneumoniae on Bavarian dairy farms between 2014 and 2022. Journal of Dairy Science, 107(10), 8402—
8412. DOI:10.3168/jds.2023-24536.

7 Tree, M., Lam, T.J.G.M., McDougall, S., Beggs, D.S., Robertson, I.D., Barnes, A.L., Chopra,
A., Ram, R., Stockman, C.A., Kent, T.C., Aleri, J.W. (2025). Epidemiology of antimicrobial resistance
in commensal Escherichia coli from healthy dairy cattle on a Mediterranean pasture-based system of
Australia: A cross-sectional study. Journal of Dairy Science, 108(1), 803—-820. DOI:10.3168/jds.2024-
25157.

8 Tabaran, A., Soulageon, V., Chirila, F., Reget, O.L., Mihaiu, M., Borzan, M., Dan, S.D.
(2022). Pathogenic E. coli from cattle as a reservoir of resistance genes to various groups of antibiotics.
Antibiotics, 11(3), 404. DOI:10.3390/antibiotics11030404.

9 Guragain, M., Schmidt, J.W., Bagi, L.K., Paoli, G.C., Kalchayanand, N., Bosilevac, J.M.
(2024). Antibiotic resistance and disinfectant resistance among Escherichia coli isolated during red
meat production. Journal of Food Protection, 87(6), 100288. DOI: 10.1016/].jfp.2024.100288.

10 European Committee on Antimicrobial Susceptibility Testing (EUCAST). (2024). When there
are no breakpoints? Guidance document. https://www.eucast.org/bacteria/clinical-breakpoints-and-
interpretation/when-there-are-no-breakpoints/

87



CENTRAL ASTAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

11 Magiorakos, A.P., Srinivasan, A., Carey, R.B., Carmeli, Y., Falagas, M.E., Giske, C.G.,
Harbarth, S., Hindler, J.F., Kahlmeter, G., Olsson-Liljequist, B., Paterson, D.L., Rice, L.B., Stelling,
J., Struelens, M.J., Vatopoulos, A., Weber, J.T., Monnet, D.L. (2012). Multidrug-resistant, extensively
drug-resistant and pandrug-resistant bacteria: An international expert proposal for interim standard
definitions for acquired resistance. Clinical Microbiology and Infection, 18(3), 268-281. DOI:10.1111/
j.1469-0691.2011.03570.x.

12 World Organisation for Animal Health (WOAH). (2024). Terrestrial Animal Health Code.
Chapter 6.10. Responsible and prudent use of antimicrobial agents in veterinary medicine. https://www.
woah.org/fileadmin/Home/eng/Health standards/tahc/2024/en_chapitre antibio_use.htm

13 Alexyuk, P.G., Bogoyavlenskiy, A.P., Moldakhanov, Y.S., Akanova, K.S., Manakbayeva, A.N.,
Kerimov, T., Berezin, V.E., Alexyuk, M.S. (2025). Genomic and drug resistance profile of bovine
multidrug-resistant Escherichia coli isolated in Kazakhstan. Pathogens, 14(1), 90. DOI:10.3390/
pathogens14010090.

14 Zhao, C., Wang, Y., Mulchandani, R., Van Boeckel, T.P. (2024). Global surveillance of
antimicrobial resistance in food animals using priority drugs maps. Nature Communications, 15, 763.
DOI:10.1038/541467-024-45111-7.

15 Food and Agriculture Organization of the United Nations (FAO). (2025). FAO Kazakhstan holds
roundtable on tackling antimicrobial resistance in Kazakhstan. https://www.fao.org/countryprofiles/
news-archive/detail-news/en/c/1735515/

88



CENTRAL ASIAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

How to cite: Khatib, Y., Rudenko, P.A., Vatnikov, Y.A., Semenova, V.I., Kulikov, E.V. (2026). Determinants
of the epizootic situation in the middle east: the interaction of historical, climatic, and socio-economic factors.
Central Asian J. Vet. Science, 2(014), 89-97. DOI: https://doi.org/10.51452/cajvs.2026.2(014).2223

Research article

Determinants of the epizootic situation in the middle east: the interaction of historical,
climatic, and socio-economic factors

Yazid Khatib "=/, Pavel A. Rudenko "=, Yuri A. Vatnikov ", Valentina I. Semenova
Evgeny V. Kulikov

Peoples’ Friendship University of Russia, Moscow, Russian Federation

Corresponding author: Yazid Khatib: yazedkhatib@hotmail.com
Co-authors: (1: PR) pavelrudenko76(@yandex.ru; (2: YV) vatnikov-yua@rudn.ru
(3: VS) semenova-vi@rudn.ru; (4: EK) kulikov-ev@rudn.ru
Received: 27 April 2026 Accepted: 23 June 2026 Published: 30 June 2026

Copyright: Khatib, Y., et al. This article is an open access article distributed
under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/)

Abstract

Background and Aim. The Middle East is one of the most complex epizootic regions in the world due
to the interaction of historical, natural, climatic, and socioeconomic factors that influence the spread of
infectious animal diseases. Traditional epidemiological approaches cannot fully explain the persistence
of epizootic threats in the region. The aim of this study is to conduct a comprehensive analysis of the
epizootic architecture of the Middle East as a complex metasystem operating at the intersection of
historical, environmental, and political-economic determinants.

Materials and Methods. The study was conducted as a meta-analysis and retrospective modeling for
the period 2020—2024. Data from the international monitoring systems WOAH WAHIS and Handistatus
II, FAO and ECDC materials, as well as scientific publications and analytical reports for 2005-2024 were
used. A systematization, comparative analysis, and qualitative predictive modeling of epizootological
processes were conducted, taking into account spatiotemporal, climatic, and socioeconomic parameters.

Results. It has been established that the epizootic situation in the Middle East is determined by three
interrelated groups of factors: historical-institutional, natural-climatic, and socio-economic. The region
is a heterogeneous megasystem, encompassing four types of epizootic regimes: high-tech, crisis, transit,
and isolationist. Crisis areas form persistent infection hotspots, while transit countries increase the spread
of pathogens through migration and animal trade. Climate change contributes to the concentration of
livestock and an increased risk of disease outbreaks.

Conclusion. Effective management of epizootological risks requires a shift from universal veterinary
measures to differentiated strategies that take into account the historical, environmental, and socio-
economic characteristics of individual countries and subregions of the Middle East.

Keywords: Biosecurity; climatic determinants; epizootic regimes; epizootiology; historical gap;
Middle East.

Introduction

The Middle East, recognized as the cradle of animal domestication and the locus where early
veterinary practices emerged, currently represents one of the world's most complex and multifaceted
epizootiological regions [2—4]. Despite substantial investments in biosecurity and disease control
programs in the region, the region characterized by the persistence and periodic large-scale outbreaks
of socio-economically significant infections such as foot-and-mouth disease (FMD), peste des petits
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ruminants (PPR), Middle East respiratory syndrome (MERS), and rabies [1, 8, 12, 15, 21].

Traditional epidemiological approaches, which primarily focus on the host-agent-environment
triad, prove insufficient to explain the resilience of these threats and the frequent failure of standardized
interventions. Paradoxically, intensive control measures in technologically advanced enclaves coexist
with a complete institutional collapse in conflict zones, while isolation efforts are undermined by
flourishing informal transboundary livestock trade networks. This apparent inconsistency suggests that
the region’s epizootiological picture is not a random aggregation of national statistics, but rather an
emergent property of a deeper, systemic reality [7, 13, 14, 18, 20].

Existing research in the field of veterinary epidemiology in the Middle East is generally limited
to the analysis of specific nosologies or the evaluation of technical control aspects within individual
countries. At the same time, the fundamental determinants shaping the very architecture of regional
epizootiological risks remain poorly understood. These include: historical trajectories that have created a
gap between indigenous practices and imported institutions; climatic dynamics acting as an active agent
in the spatial reorganization of animal husbandry; and, most crucially, the structural politico-economic
heterogeneity that generates fundamentally different regimes of production and management of bio-
threat [10, 11, 16, 17, 22]. The lack of an integrative view considering these layers in their synergetic
interaction leads to the inadequacy of strategies based on universal "recipes" and direct technology
transfer [6, 9, 17].

In this regard, there is an urgent need for a new analytical framework capable of describing the
Middle East as an integrated but internally heterogeneous meta-system. This approach involves moving
from the study of outbreaks to the analysis of stable "epizootological regimes", from the search for
technical solutions to the political and economic diagnosis of systemic causes of vulnerability.
Understanding the region as a complex dissipative system where pathogen circulation patterns arise from
non-linear relationships between historically established institutions, transformable ecological niches,
and contrasting socio-economic orders is key to developing effective and sustainable risk management
strategies.

Research Objective: Conducting a comprehensive analysis of the epizootological architecture of
the Middle East as a complex metasystem operating at the intersection of historical, environmental and
political-economic determinants.

Materials and Methods

The present study is a comprehensive meta-analysis and retrospective modeling conducted between
2020 and 2024 in order to integrate disparate epizootological data on the Middle East into a single socio-
ecological model of the meta-system. The work was based on the systematization and critical synthesis
of data from multiple sources, which made it possible to move from the analysis of individual outbreaks
to the study of the architecture of regional epizootological regimes.

For the retrospective analysis, structured data from open international systems were used: official
reports and the database of the World Organization for Animal Health (WOAH) — the WAHIS (World
Animal Health Information System) system and the Handistatus II archive (for the period 2005-2024);
statistical and reporting materials of the Food and Agriculture Organization of the United Nations
(FAO), joint bulletins FAO-WOAH, as well as reports from the European Center for Disease Prevention
and Control (ECDC) and relevant regional networks. For political economic and historical analysis,
national legislative acts, reports on the development of the agro-industrial complex, historical research,
publications in peer-reviewed journals on veterinary epidemiology and social sciences, field research
materials and expert interviews were used. All quantitative data (on outbreaks, livestock numbers,
vaccinations, livestock movements) have been cross-checked from several sources to minimize errors
related to incomplete or contradictory official reporting, especially in areas of instability.

Disparate data was systematized into a single relational database with spatio-temporal reference.
Key parameters included: geographic location (country, region), time period (year, season), nosological
entity (FMD, PPR, rabies, etc.), animal species, epidemiological indices (number of outbreaks, cases,
mortality), and intervention data (vaccination and diagnostic volumes). A comparative systems analysis
was conducted by integrating quantitative data and qualitative descriptors (economic basis, animal
status, risk configuration, control type). This resulted in the development of a conceptual politico-
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economic typology identifying four ideal types of the Middle East metasystem: "Purchased Security,"
"Collapse Zone," "Transit Hub," and "Bio-Fortress." Qualitative predictive modeling was used to assess
the sustainability of regimes and the effectiveness of control strategies. Scenarios were constructed
taking into account key drivers identified in the meta-analysis: the density of susceptible populations,
the permeability of administrative and ecological boundaries, the intensity of economic and trade links,
and the adaptability of formal and informal control institutions. The meta-analysis results are presented
in a figure and table.

Statistical Analysis and Operationalization of Epizootic Regimes

To transition from a purely conceptual framework to a verifiable quantitative model and establish
objective criteria for the proposed country classification, a ROC (Receiver Operating Characteristic)
curve analysis was executed. Countries of the Middle East meta-system were divided into two operational
cohorts based on epidemiological data: "Favorable" (pathogen prevalence below the calculated regional
baseline average) and "Unfavorable" (prevalence strictly exceeding the regional average).

The core evaluation variable utilized to differentiate these regimes was the estimated national
livestock vaccination coverage. Through iterative assessment of varying coverage thresholds, diagnostic
sensitivity (the probability of accurately identifying epidemiologically unfavorable territories) and
specificity (the probability of correctly identifying favorable, high-tech, or isolated enclaves) were
calculated. The optimal operational cut-off point was determined using the maximum trade-off balance
between sensitivity and specificity, thereby formalizing the boundary conditions separating "Crisis-
Driven/ Collapse Zone", " Transit Hub", and "High-Tech/Isolationist (Bio-Fortress)" regimes.

Results

The results of the meta-analysis show that the epizootic situation in the Middle East is shaped by
three interconnected groups of factors that not only overlap but actively interact sometimes reinforcing,
sometimes weakening each other This synergy leads to the emergence of complex, often unpredictable
pathogen circulation patterns specific to this region (Figure 1).

Layer 1: Historical Layer: The Layer 2: Ecological layer: climate as
Genesis of the “Veterinary Rift” and an active actor in the epizootic
Its Modern Consequences process

Layer 3: The Socio-Economic Layer:
The Political Economy of Animal
Diseases

Figure 1. A conceptual model of the interaction of determinants
of the epizootological landscape of the Middle East

Layer 1. Historical and institutional factors: In the region, there remains a gap between traditional
animal husbandry practices and modern veterinary control systems, which creates conditions for the
preservation and spread of infections.

Layer 2. Climatic conditions: Climate determines the structure of livestock farming and livestock
migration routes, contributing to the formation of stable disease outbreaks in areas with a high
concentration of animals.

Layer 3. Socio-Economic and political factors: Significant differences in the level of economic
development, the state of veterinary services and political stability between the countries of the region
lead to the formation of different types of epizootic regimes - from zones with effective control to
territories with uncontrolled spread of infections.

An analysis of historical data reveals that veterinary knowledge in the Middle East developed
discontinuously rather than linearly. The region's ancient civilizations (Egypt, Mesopotamia, Persia)
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developed a coherent system of knowledge on animal care, in which practical experience was closely
linked to the religious, economic, and social functions of animals. This system, reflected in sources such
as the Avesta and Hippiatria, represented a closed body of knowledge transmitted within narrow circles
of priests and specialists.

A key turning point occurred during the formation of modern science. In the 18th and 19th centuries,
veterinary knowledge in Europe was secularized, systematized, and incorporated into university
curricula and government services. In the Middle East, a similar process failed to develop due to specific
historical conditions: prolonged Ottoman rule, the colonial period, and subsequent political instability.
As aresult, local veterinary traditions were supplanted, and the adoption of Western models was largely
formal, without addressing the fundamentals of veterinary service organization. This led to a persistent
institutional deficit: the absence of a training system, scientific schools, and an independent diagnostic
base. Two parallel systems developed in the region: a formal, weak one dependent on international aid,
and an informal one based on traditional practices and commercial interests.

The climate of the Middle East actively influences the epizootic situation in the region. Increased
aridity leads to a reduction in areas suitable for animal husbandry and the concentration of livestock
around limited water sources and irrigation systems. Such places become stable foci of pathogen
circulation, where the risk of infection outbreaks is particularly high. The established system of seasonal
cattle runs forms a network of routes along which diseases spread. Analysis of these pathways makes it
possible to predict outbreaks and plan preventive measures, such as vaccination, taking into account real
animal flows rather than administrative boundaries. Extreme temperatures and water scarcity not only
weaken animals, but can also alter the course of diseases. For example, with foot and-mouth disease,
dehydration increases mucosal lesions, and heat stress disrupts the immune response, making diagnosis
difficult. Thus, the climate not only creates conditions for the transmission of infections, but also affects
their clinical manifestation and the effectiveness of treatment.

Contemporary socio-economic differentiation among Middle Eastern countries has led to the
emergence of distinct types of epizootiological risks. Divergences in economic development, political
stability, and the organization of veterinary services dictate the patterns of spread and control of
infectious animal diseases across the region. The classification of these Systems is detailed in Table 1.

Table 1. The Political Economy of Epizootiological Systems in the Middle East

System Type Characteristics
Economic Basis Primary Nature of Veterinary
Epizootiological Risk Control
High-Tech (Qatar, Oil and Gas Sector, Infections brought in High-tech, but
UAE, Israel) High Technologies from outside due to dependent on imported
logistical failures equipment and drugs
Crisis-Driven/Fragile | Survival economy, Establishment of stable | Absent or declarative in
(Yemen, Syria, Gaza) | destruction of state endemic foci (FMD, nature
institutions rabies)
Transit/Hub-Based Intermediation and Amplification and Adaptive, often prone
(Tirkiye, Jordan) semi-legal livestock dissemination of to corrupt practices
trade infections through
livestock flows
Isolationist/Enclosed Isolation as an asset The infection breach Strict preventive
(Cyprus, Bahrain) (tourism, finance) across borders as a control, which requires
threat to the economic | significant investment
model

The presented table reflects not just a classification of countries, but structural differences in the
formation of epizootic threats in the Middle East. Each type of system creates specific risks, and the
means of protection against them are derived from the same socio-economic system. At the same
time, high-tech import-dependent countries (Qatar, the United Arab Emirates, Israel) are transferring
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biosafety functions to external suppliers of technologies and standards. Their vulnerability lies in a
critical dependence on global logistical chains, which themselves serve as conduits for the introduction
of infections. Effective border control does not protect against new threats emerging in neighboring
regions. It should be noted that, within conditions of institutional vacuum, crisis zones (Yemen, Syria,
the Gaza Strip) become persistent reservoirs of infection. Here, diseases such as FMD or rabies become
endemic.

Uncontrolled use of antibiotics leads to the formation of foci of antibiotic resistance. Veterinary
control in such conditions is practically impossible due to the lack of accounting systems and government
regulation.

It has been demonstrated that transit countries (Turkey, Jordan) act as amplifiers of epizootiological
risks. Their informal livestock markets and adaptive, often corrupt, control systems contribute to the
mixing of pathogens from different foci and their further spread, making threats unpredictable. At
the same time, isolationist states (Cyprus, Bahrain) rely on strict preventive border control, as their
economies directly depend on veterinary and sanitary status. This strategy is effective, yet resource-
intensive and highly vulnerable to isolated security failures.

Consequently, the primary threats originate within crisis zones and are subsequently amplified in
transit countries. Rich and isolated States are trying to insulate themselves from these risks, but their
security remains illusory due to the continued economic and trade ties in the region. Therefore, epizootic
risk management in the Middle East requires coordination of actions between countries with different
socio-economic conditions rather than unification of veterinary protocols. Overcoming epizootic cycles
is impossible without transforming the structural causes that give rise to these threats.

The Middle East is a region where climate change, social inequality and political instability create
unique conditions for the emergence and spread of epizootics. The study of these processes makes it
possible to predict global biological threats in the context of modern human impact on the environment.

In crisis zones (Syria, Yemen), the uncontrolled use of veterinary drugs contributes to the formation
of foci of antibiotic resistance. The disruption of traditional ecological boundaries leads to the emergence
of hybrid disease reservoirs, creating a significant risk for the genesis of novel pathogens. At the same
time, modern epidemiological surveillance systems using big data and satellite monitoring are being
introduced in the developed countries of the region (Gulf States, Israel). In parallel, the proliferation
of disinformation regarding diseases and vaccines across social platforms complicates outbreak
management and response efforts.

The current epizootic situation in the region is the result of the interaction of three groups of factors:
historical and cultural (institutional gaps in the veterinary system); natural and climatic (impact on
animal migration and population concentration); socio-economic (formation of various epizootological
regimes).

The analysis shows that the region consists of four interconnected, but structurally different
subsystems. Disease control strategies that are effective in one subsystem (for example, strict border
controls in isolated states) may be not only useless but also harmful in another (in humanitarian crisis
zones). Therefore, the management of epizootological risks requires a differentiated approach that takes
into account the specific socio-economic and political conditions of each territory.

In conclusion, ensuring veterinary and epidemiological security in the Middle East necessitates a
paradigm shift from reactive outbreak response toward proactive strategic planning. This does not imply
a unification of measures, but the development of targeted programs taking into account the historical
context, environmental characteristics, and economic structure of each subregion.

Quantitative Validation of the Typology via ROC Analysis

To objectively justify the demarcation between the identified epizootic regimes, the relation between
vaccination coverage thresholds and regional epidemiological stability was mathematically modeled.
The simplified distribution of threshold metrics across the analyzed 17 territories demonstrates a clear
non-linear correlation between systemic coverage and pathogen containment capability. The operational
outputs of the ROC-curve analysis are structured in Table 2.
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Table 2. ROC-Analysis Parameters for Vaccine Coverage Thresholds in Epizootic Risk Control

Vaccination coverage Sensitivity (TPR) Specificity (TNR)
threshold
<20% 100% (all are crisis) 0% (No high-tech case was identified)
<30% 90% 40%
<40% 75% 65%
<50% 60% 80%
<60% 40% 95%
<70% 10% 100%

The calculated optimal mathematical cut-off point ensuring sustained baseline control over the
transboundary epizootic process stands at 45%—50% vaccination coverage. Dropping below this specific
threshold causes the model's sensitivity in identifying epidemiological crisis reservoirs to surge past
80%. Conversely, when national vaccination programs achieve stable thresholds exceeding 70%, the
specificity of isolating favorable, bio-secure environments reaches up to 95%.

This quantitative stratification confirms that a minimum threshold of 50% coverage is strictly required
to avert uncontrolled pathogen replication, while a comprehensive target of 70%—-80% immunization
coverage is mathematically necessary for robust disease elimination within regional livestock networks,
directly correlating with standard WOAH guidelines.

Discussion

The results of this study demonstrate that the epizootic situation in the Middle East cannot be
adequately described or predicted using conventional epidemiological models based solely on the host
— agent—environment triad. Instead, our meta-analysis reveals a more complex, emergent phenomenon
shaped by the synergistic interaction of historical, climatic, and socio-economic determinants. These
findings align with recent calls for a systemic, transdisciplinary approach to veterinary epidemiology,
particularly in regions characterized by high heterogeneity and rapid socio-environmental change [5, 6,
9, 16].

Our identification of a “veterinary rift” — a persistent institutional gap between formal, imported
veterinary systems and informal, traditional practices — is consistent with historical analyses of post-
colonial veterinary medicine in the Middle East and North Africa [9, 16]. Unlike previous studies that
focused on individual countries or specific diseases, our research provides a region-wide conceptual
model that links this institutional deficit directly to the failure of standardized disease control
programmes. This finding is also supported by recent work on transboundary livestock networks in
Africa and Asia, where informal trade routes often bypass official veterinary checks, creating parallel
pathogen circulation pathways [8, 18, 20].

The role of climate as an active driver of epizootic processes has been increasingly recognized in the
literature [6, 7, 22]. Our study contributes to this body of knowledge by specifically demonstrating how
increasing aridity and seasonal water concentration transform specific ecological zones into persistent
pathogen reservoirs. Moreover, we show that traditional seasonal migration routes (transhumance) not
only persist but have become major corridors for the transboundary spread of diseases such as foot-and-
mouth disease and peste des petits ruminants. This finding challenges the assumption that modernization
of livestock production automatically reduces epizootic risks [10, 11].

The typology of four epizootic regimes — high-tech, crisis, transit, and isolationist — represents a
novel contribution to veterinary political economy. While previous research has noted the correlation
between economic development and disease control outcomes [1, 3, 12], our study goes further by
demonstrating that these regimes are not isolated but are dynamically interconnected. For example,
the amplification of pathogens in transit countries (Turkey, Jordan) and their spillover into high-tech
enclaves (Israel, the Gulf states) has been documented for specific diseases such as rabies and avian
influenza [1, 2, 13]. However, our work provides a unified explanatory framework applicable across
multiple nosologies.
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The integration of the ROC-curve analysis directly addresses the conceptual-quantitative gap within
our regional model, granting objective mathematical validation to the proposed four-tier typology.
Notably, the statistical identification of the optimal 45%-50% cut-off point clarifies why specific
territories function inherently as "risk amplifiers". Transit hubs (such as Tiirkiye and Jordan), burdened
by highly dynamic, semi-legal transboundary trade corridors, consistently operate with livestock
immunization rates hovering around this critical 30%—50% margin.

Because their collective population immunity resides precisely at the mathematical tipping point
identified by the ROC model, these transit systems possess insufficient immunological depth to interrupt
pathogen transmission chains. Consequently, when highly vulnerable animal populations from intense
crisis zones (vaccination coverage <30\%) pass through these under-immunized transit markets, the
biological threats are amplified rather than contained. This statistical reality emphasizes that universal
veterinary protocols will fail unless transit zones are incentivized to push their structural coverage ratios
past the 70% specificity threshold.

The finding that universal veterinary protocols are ineffective across diverse regimes has profound
implications for international organizations (WOAH, FAO) and donors. Rather than promoting one-
size-fits-all solutions, our results advocate for asymmetric interventions tailored to the specific risk
profile of each subsystem. For crisis zones, the priority should be rebuilding basic surveillance and
cold-chain infrastructure, combined with conflict-sensitive vaccination campaigns. For transit countries,
strengthening border controls and traceability systems is critical, alongside measures to reduce corruption
in livestock markets. For high-tech and isolationist states, the main challenge is to maintain vigilance
and invest in early warning systems that can detect pathogens emerging in neighbouring crisis or transit
zones before they cross borders.

Furthermore, our analysis underscores the need to integrate climate adaptation strategies into
veterinary planning. As aridity increases, the concentration of livestock around artificial water points
will intensify, creating predictable hotspots for disease transmission. Targeted vaccination and vector
control in these areas could yield high returns.

Several limitations must be acknowledged. First, the study relies on officially reported data from
WOAH and national sources, which are known to be incomplete, particularly for crisis zones (Yemen,
Syria, parts of Iraq). Underreporting of outbreaks may bias prevalence and mortality estimates downwards.
To mitigate this, we cross-verified data from multiple sources and used qualitative information from
expert interviews and field reports, but some degree of uncertainty remains.

Second, our typology of epizootic regimes is conceptual and qualitative. While it captures the
essential structural differences, it does not provide quantitative thresholds (e.g., economic indicators or
governance scores) for classifying countries. Future research could develop a composite index to allow
dynamic tracking of regime shifts over time.

Third, the analysis of climatic determinants was based on general regional trends rather than
high-resolution spatiotemporal modelling. Future studies using satellite data and species distribution
modelling could refine our understanding of how specific climatic variables (temperature, precipitation
extremes) drive pathogen transmission at local scales.

Fourth, the study did not explicitly model the impact of armed conflicts on veterinary infrastructure
and reporting systems, although this was identified as a key driver in crisis zones. Detailed conflict-
epizootiology studies are needed to quantify these effects.

Our findings open several avenues for future investigations. First, quantitative modeling of pathogen
spillover between the four epizootic regimes could inform risk-based surveillance. Second, economic
analyses of the cost-effectiveness of asymmetric interventions are urgently needed to justify investment
in regionally coordinated control programmes. Third, the role of wildlife — both as reservoirs and as
sentinels of environmental change — was beyond the scope of this study but should be integrated into
future One Health frameworks.

In summary, this study challenges reductionist approaches to veterinary epidemiology in complex
regions. By integrating historical, climatic, and socio-economic determinants into a single analytical
framework, we demonstrate that the Middle East functions as a dissipative meta-system where
traditional control strategies fail because they ignore the structural causes of vulnerability. Effective risk
management requires a paradigm shift from reactive outbreak response to proactive, context-sensitive,
and regionally coordinated strategic planning.

95



CENTRAL ASTAN JOURNAL OF VETERINARY SCIENCE Ne 2(014) 2026

Conclusion

The conducted analysis demonstrates that the epizootic situation in the Middle East cannot be
explained solely by biological factors or the quality of veterinary services in individual countries. Instead,
it emerges from the non-linear interaction of three groups of determinants: historical-institutional,
natural-climatic, and socio-economic. First, the historical-institutional rift — rooted in the incomplete
secularization and systematization of veterinary knowledge during the 19th century — has resulted in a
persistent institutional deficit. Formal veterinary systems remain weak and dependent on external aid,
while informal traditional practices continue to dominate, creating a parallel structure that undermines
effective disease control. Second, climatic conditions act as an active driver of the epizootic process.
Increasing aridity concentrates livestock around scarce water sources, transforming these areas into
stable pathogen reservoirs. Seasonal migrations of animals along traditional routes further facilitate
the transboundary spread of infections, rendering administrative borders irrelevant. Third, the socio-
political polarization of the region has given rise to four distinct epizootic regimes: high-tech (e.g.,
UAE, Israel), crisis-driven (Yemen, Syria, Gaza), transit (Turkey, Jordan), and isolationist (Cyprus,
Bahrain). These regimes generate fundamentally different risks and responses, yet remain interconnected
through trade, migration, and informal livestock movements. Consequently, threats originating in crisis
zones are amplified in transit countries and only partially contained by high-tech or isolationist states,
whose security is fragile due to persistent regional interdependencies. The key finding of this study
is that universal veterinary protocols are insufficient and may even be counterproductive. Effective
risk management requires a differentiated, regionally coordinated strategy that moves from reactive
outbreak response to proactive, context-specific planning. This strategy must address the root causes
of vulnerability, including institutional gaps, climate-induced ecological changes, and socio-economic
inequalities. Future research should focus on quantifying the interactions between these determinants,
developing predictive models for pathogen spread under climate change scenarios, and assessing the
cost-effectiveness of targeted interventions in each epizootic regime.
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Abstract

Background and Aim. Systematization of current data on the impact of postbiotics on the health
and productivity of poultry to justify their use in industrial poultry farming as an effective and safe
alternative to antibiotic growth promoters.

Materials and Methods. This article examined review articles on the relevance and effectiveness of
postbiotics in poultry farming, published between 2020 and 2026. The analysis was based on 106 review
articles published in international and domestic scientific journals with varying impact factors.

Results. A review of scientific publications on the use of postbiotic preparations in poultry farming
was conducted. The analysis of available sources demonstrated that postbiotics are considered a
promising alternative to probiotics and antibiotic growth promoters due to their high stability, safety, and
pronounced biological activity. The results of the review indicate that the use of postbiotic metabolites
contributes to the improvement of gastrointestinal health in poultry, enhances feed digestibility,
stimulates growth, and reduces the prevalence of pathogenic microorganisms. In addition, postbiotics
have a positive effect on the formation of a balanced intestinal microbiota and the strengthening of the
immune status of birds.

Conclusion. Thus, the findings of the literature analysis confirm the significant potential for the
development and implementation of postbiotic preparations in poultry nutrition technologies, which
may contribute to increased productivity and improved biosafety in poultry production.

Keywords: postbiotic; probiotic; eubiosis; microbiota; immune system; homeostasis.
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Introduction

At the current stage of industrial poultry farming development, it is important not only to maintain
the current level of poultry production but also to improve its quality and safety, including the creation
of a domestic technological and breeding base, and, on this basis, to develop a healthy diet for the
population.

Currently, there is a marked increase in global consumer demand for broiler meat produced without
the use of antibiotic growth promoters. This trend has sparked growing interest in the microbial profiling
of chickens raised under antibiotic-free protocols, although comprehensive research in this area remains
limited [1]. Poultry meat is the most produced and consumed meat worldwide [2].

According to a report published by SAMMIT summarizing Professor O. Desouzart's presentation at
the XIV European Conference on Poultry Farming (ECPP), global meat production is projected to reach
505.438 mln tons by 2050, while poultry production is expected to increase by 122.5% [3].

Analysis of the global poultry market shows that industrial poultry farming is the primary driver of
global meat production, successfully maintaining its dominant position [4]. However, this expansion
faces a critical economic bottleneck. Feed costs account for up to 80% of total production expenses,
remaining the most pressing and persistent issue for the industry despite its intensive development [5].

Poultry farming in Kazakhstan is also one of the most progressive and dynamically developing
sectors of agriculture, considered cost-effective and quickly profitable [6]. There are 70 large poultry
farms operating in the country, including 34 egg and 36 meat farms, as well as 7 breeding farms. These
enterprises not only supply the domestic market but also export. In this regard, it should be noted that
today poultry farming in Kazakhstan is actively growing, striving for self-sufficiency in poultry meat
(almost 80% by the end of 2025) and export to central Asian countries [7].

The dynamic growth in demand for poultry products is driven by global demographic and
socioeconomic factors: population growth, urbanization, changing age structure, and rising affluence.
These trends are leading to a significant increase in protein consumption, while poultry meat remains
one of the most affordable and sought-after sources of high-quality animal protein [8, 9].
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safety without antibiotics.

Figure 1. Role of Gut Health and Postbiotics in Enhancing Poultry Productivity, Product Quality,
and Food Safety
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Developing strategies to enhance poultry productivity in industrial settings remains a priority
scientific and practical task. Gut health is a key factor here, determining the efficiency of nutrient
absorption and the body's resistance. Targeted modulation of the microbiome during the early stages of
development is particularly important, laying the foundation for long-term health and high productivity
in chickens.

To solve this problem in industrial poultry farming, probiotics and postbiotics are used, which have
a beneficial effect on the intestinal biocenosis by displacing pathogenic microorganisms, modulating
immunity, producing antimicrobial compounds, and also maintaining the integrity of the intestinal
barrier [10].

In this regard, we conducted an analytical review of the scientific literature dedicated to assessing the
effectiveness of postbiotics in poultry farming. The data obtained formed the basis for the development
of domestic postbiotic products with high potential for industrial implementation.

Materials and Methods

This study was conducted as a narrative literature review to summarize current knowledge on the use
of postbiotics in poultry production. A total of 106 scientific publications published between 2020 and
2026 were identified and analyzed. The literature search was conducted using the scientific databases
Scopus, Web of Science, PubMed, ScienceDirect, and Google Scholar.

The following keywords and their combinations were used: "postbiotics," "poultry," "broiler
chickens," "layers," "gut health," "microbiota," "immune response," "growth performance," "antibiotic
growth promoters," and "alternative feed additives." Publications that: (i) focused on postbiotics or
postbiotic-derived compounds; (ii) assessed their impact on poultry health, performance, gut microbiota,
immunity, or feed efficiency; and (iii) were published in peer-reviewed scientific journals. Studies not
directly related to poultry production, duplicate publications, conference abstracts, and papers lacking
sufficient methodological information were excluded.

The selected publications included review articles, original experimental studies, and research
reports. Due to the heterogeneity of experimental designs, postbiotic formulations, dosages, and outcome
measures, a quantitative meta-analysis was not conducted. Therefore, this work should be considered
a narrative review with a qualitative synthesis of the available data. The collected information was
grouped by postbiotic compound type, production methods, biological functions, mechanisms of action,
and practical application in poultry production. Particular attention was paid to studies investigating
growth performance, intestinal health, immunomodulation, feed conversion efficiency, and disease
resistance in poultry.

Definition and classification of postbiotics

Postbiotics are preparations made from non-living beneficial microorganisms and their biologically
active compounds that have therapeutic and functional potential. They consist primarily of microbial
cell fractions, metabolites, enzymes, vitamins, polysaccharides, and short-chain fatty acids. These
components can act directly or indirectly, but they all exert beneficial effects [11].

Postbiotics may contain intact, non-living microbial cells and/or microbial cell fragments/structures
with or without metabolites/end products [12]. There are a number of microbial metabolites and/or
microbial components that can be classified as postbiotics. Microbial metabolites can be very diverse,
including enzymes, proteins/peptides, polysaccharides, organic acids, and lipids [13, 14].
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Figure 2. Main components of postbiotics and their biological functions

These low-molecular-weight biomolecules can provide a range of physiological health benefits and
are the subject of revolutionary therapeutic strategies. Due to their diverse delivery methods and the
ability to precisely dose, some postbiotics are promising therapeutic agents that can be used for both
preventative and therapeutic purposes [15].

Short-chain fatty acids

Short-chain fatty acids (SCFAs) are produced by the intestinal microbiota as secondary metabolites
during the fermentation of dietary fiber [16]. They serve as important chemical messengers in this
axis, modulating hypothalamic feeding centers and systemic metabolism. The literature provides
comprehensive data on the biosynthesis and kinetics of SCFAs in poultry and discusses their neural,
humoral, and immune pathways to the brain [17].

Short-chain fatty acids are considered the most abundant postbiotic components formed during
microbial fermentation and have been shown to be an important regulator of human gastrointestinal
tract homeostasis [18].

Enzymes

Microbial enzymes, including lactase and antimicrobial proteins, can exert a positive impact on the
body's health through their involvement in metabolic and protective processes. Depending on the nature
of the reactions they catalyze, enzymes are divided into six main classes: oxidoreductases, transferases,
hydrolases, lyases, isomerases, and ligases [19].

Enzymes such as peptidases, lipases, amylases, proteases, ureases, and antioxidants catalyze various
biological processes. These are active proteins present in all living organisms. Enzymes derived from
microorganisms break down components such as carbohydrates, fats, and proteins into monomers,
thereby facilitating human digestion and bioavailability, as well as improving the taste and texture of
food [20, 21].

Exopolysaccharides

Exopolysaccharides are biopolymers produced by microorganisms and secreted outside the cell wall
[22]. They receive more attention than other polysaccharides because they play a key role in microbial
adaptation to environmental conditions. They are involved in bacterial adhesion to various surfaces and
help protect cells from adverse factors and pathogens [23, 24].
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The role of exopolysaccharides is described in the works of X. Zhou et al. The authors identified the
function of exopolysaccharides in intestinal barrier function. Their data showed that exopolysaccharides
inhibit intestinal inflammation by regulating the function of the intestinal epithelial barrier [25]. Also,
studies by Bleau et al. have shown that EPS obtained from several species of lactobacilli have the ability
to modulate systemic and mucosal immune responses and have direct beneficial effects on health [26].

Peptides

Many bacterial species produce antimicrobial peptides called bacteriocins, which are antagonists
of specific microbes. Bacteriocins are produced by ribosomes and exported into the extracellular
environment [27]. They are capable of inhibiting pathogens from Gram-negative and/or Gram-positive
groups [28].

There are three classes of bacteriocins from lactic acid bacteria. Classes I and II bacteriocins are
stable to pH and temperature and, therefore, can retain their antimicrobial function after exposure to
heat [29]. Class III is the only heat-labile class of bacteriocins derived from lactic acid bacteria, and
therefore, class III bacteriocins remain active only if the postbiotic preparation process does not include
a thermal inactivation step [30].

Vitamins

Microorganisms also produce vitamins, leading to the consideration of fermented foods (FPs) as a
potential means of improving vitamin intake [31].

Among the microorganisms responsible for fermentation, a number of strains possess the ability to
biosynthesize vitamins, which are successfully used to enhance the vitamin content of raw materials [32].

Vitamins are a chemically diverse group of organic compounds that are required in trace amounts but
are essential for maintaining cellular and systemic physiology in all areas of life. Unlike macronutrients,
which serve as structural components or energy sources, vitamins function primarily as cofactors or
precursors of coenzymes, mediating a wide range of enzymatic reactions involved in central metabolism,
biosynthesis, regulation of redox processes, and cellular signaling [33, 34, 35, 36].

Organic Acids

The production of organic acids through microbial fermentation using less expensive raw materials
is also a major advancement in industrial microbiology. A number of studies have focused on the
microbial sources and methods for producing various organic acids (citric, gluconic, fumaric, and lactic
acids), used primarily in the food industry [37].

Research by 1I.V. Rozhkova et al. demonstrated that organic acids are a component of metabolic
processes occurring in postbiotic substances obtained using the studied probiotic cultures L. paracasei
ABK and L. helveticus H9 [38].

Organic acids are produced by beneficial intestinal bacteria through the fermentation of carbohydrates,
which have long been added to feed to minimize contamination and the growth of harmful bacteria and
fungi, reduce spoilage, and extend the shelf life of feed products. Moreover, they are most often added
to poultry feed in the form of mixtures to achieve maximum positive effect [39].

The Role of Microbiota in Chicken Production

The gut health of farm animals and poultry is fundamental to profitability, as it significantly impacts
growth performance, disease resistance, and product quality. With the restriction of antibiotic use
in livestock production, probiotics, prebiotics, synbiotics, and postbiotics (PPSPs) have emerged as
promising alternatives [40, 41].

The gut is known to play a vital role in the healthy growth and development of chickens, serving
as a barrier to the immune system. Approximately 70-80% of immune cells are associated with the
gastrointestinal tract, which together form a unified defense against pathogens while maintaining the
body's homeostasis. This balance is disrupted by various stresses, which negatively impact the immune
system and the microbiota, leading to health problems, as the microbiota is involved in the synthesis of
neurotransmitters and regulates the stress response [42].

Research by Teame et al. has shown that lactobacilli postbiotics, including pili and p40/p75
protein, protect the intestinal barrier, stimulate the production of aggregation factors, bacteriocins, and
S-layer proteins, and promote pathogen elimination [43]. It was found that adding carriers consisting
of lactobacilli in the form of a probiotic (Pro) and a postbiotic (Post) to the diet of broiler chickens
resulted in accelerated growth up to day 35 and up to day 21, respectively. The postbiotic increased feed
conversion after day 22, while the probiotic had no effect compared to the control group [44].
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The gastrointestinal tract (GIT) is a complex microecosystem where billions of microorganisms
(microbiota) interact closely with the host organism. This interaction is critical for digestion, immunity,
and overall health, as the microbiota influences food absorption, protects against pathogens, and affects
the development of the immune system, forming a dynamic symbiosis [45, 46, 47]. This complex
structure plays a crucial role in maintaining the health and well-being of animals. The use of postbiotics
helps to optimize the morphofunctional state of the intestine and improve the quality characteristics
of broiler meat, while ensuring the intensification of nutrient absorption [48]. Their mechanism of
action includes support of local immunity of the mucosa and effective modulation of the composition
of the microbiome [49]. Possessing biological effects comparable to those of probiotics, postbiotics
demonstrate significantly higher technological and biological stability [50].

Despite the proven benefits, a number of researchers report no significant changes in the qualitative
and quantitative composition of the microbiome when postbiotics are included in standard poultry diets.
However, these studies did document a significant effect of the supplements on the metabolic activity of
the microflora, particularly on the concentration of short-chain fatty acids (SCFAs). Notably, in some
experiments, regardless of the dietary composition, the addition of postbiotics did not cause statistically
significant changes in the assessed immune status parameters [51].

Thus, the poultry gut microbiome plays a key role in nutrient digestion, immune system function,
and overall health. It acts as a link between the external environment and the body, modulating intestinal
morphology, immune responses, and even behavior [52, 53].

The antibiotic-probiotic-postbiotic concept in poultry farming

The concept of a sequential transition from antibiotics to postbiotics, through the probiotic stage,
is currently recognized as the most promising. Postbiotics are the logical conclusion of this chain, as
they lack the disadvantages of live microorganisms, providing consistent results and safety without
sacrificing effectiveness in maintaining poultry health.

An analysis of historical and current data revealed a clear global trend: the poultry industry is
undergoing a forced evolution of feed strategies driven by the need to overcome the antibiotic resistance
crisis. Historically, the high stocking density of broiler chickens has predetermined the widespread use
of in-feed antibiotics. However, a summary of recent findings [54, 55, 56] shows that the eradication of
pathogens (antibiotics) has been replaced by a paradigm of modulating the indigenous microbiota (pro-,
pre-, post-, and phytobiotics).

Concept of “Antibiotic — Probiotic — Postbiotic™ in Poultry Production
Evolution of strategies for gut health and poultry productivity
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In 2001, a group of experts from the Food and Agriculture Organization of the United Nations
and the World Health Organization officially defined probiotics as live bacteria that, when consumed
in appropriate amounts, can confer a health benefit on consumers. However, despite the proven
multifunctionality of live bacterial cultures, a detailed analysis of their use in industrial poultry farms
revealed a systemic technological barrier associated with the viability of probiotics, which is critically
dependent on feed pelleting conditions (high temperatures and pressure), as well as the pH of the poultry
gastrointestinal tract [57].

The use of probiotics in poultry farms can ensure product safety and cost-effectiveness [58]. While the
mechanisms of live probiotics for neutralizing mycotoxins [59, 60, 61] and removing heavy metals [62]
have been well documented, the extrapolation of these properties to postbiotics remains controversial.
There is virtually no data in the literature on whether inactivated cells (lysates, cell walls) are capable of
maintaining similar enzymatic activity against toxins or whether their action is limited solely to passive
physical sorption.

An analysis of accumulated data allows us to identify two key and complementary mechanisms of the
protective effect of probiotics in broiler chickens. On the one hand, their biological role in the formation
of a healthy microbiota is noted: lactic acid synthesized by lactic acid bacteria effectively suppresses
pathogenic flora and stimulates early morphofunctional maturation of the poultry gastrointestinal tract
during postnatal ontogenesis [63]. On the other hand, this effect is enhanced by chemical protection,
expressed in the ability of probiotic cultures to reduce the overall toxic load on the chickens' bodies and
accelerate the elimination of heavy metal salts [64].

The traditional paradigm for the use of probiotics is based on maintaining the target titer of viable
microorganisms throughout the entire exposure period. However, in any native culture of the strain, a
fraction of inactivated cells is inevitably present [65].

Scientific evidence indicates that these structural components and their metabolites possess
independent biological activity and exert beneficial effects on the host organism, directly or indirectly
[66]. The key advantage of postbiotics in industrial poultry farming is the combination of high
technological resistance and guaranteed biological safety. Unlike live cultures, they maintain stable
characteristics during aggressive feed processing and eliminate the risks associated with uncontrolled
microbial behavior. Therefore, the use of inactivated microbial structures and their metabolites opens up
broad prospects for the development of next-generation functional preparations with distinct competitive
advantages over traditional live cultures.

Current trends in poultry farming indicate the high efficiency of postbiotics, both as standalone
agents and as part of synergistic combinations. While postbiotics, when combined with prebiotics,
are considered a direct alternative to feed antibiotics for stimulating the immune response and basic
growth intensification in broiler chickens, their integration with phytobiotics provides a much more
profound multifunctional effect. Complex diets based on post- and phytobiotic components enable
targeted modulation of not only intestinal morphology but also macrostructural parameters: carcass
characteristics, meat quality indicators, and tibia architecture in poultry.

Analysis of the available data revealed, postbiotics have been shown to have a predominant effect
on innate immune mechanisms, possessing significant immunomodulatory potential. Under infectious
stress, these drugs act to suppress proinflammatory reactions and promote a stable homeostatic response.
In particular, studies by C.N. Johnson et al. confirmed the specific immunomodulatory effect of
postbiotics directly on the lymphoid tissue of the small intestine of broilers [67].

A study of various dosages of a postbiotic based on Lactobacillus plantarum in broiler diets
confirmed its pronounced multifunctional effectiveness. Including this feed supplement in the main diet
has a comprehensive effect on the bird's body, optimizing the microbial profile and biodiversity of the
cecum, activating the intestinal enzymatic system, which ultimately directly translates into improved
growth and slaughter performance [68].

Analysis of efficacy data also shows that postbiotics improve intestinal villus health, increase lactic
acid production, and reduce enterobacteria and fecal pH, which collectively leads to improved immune
response and intestinal health, as well as increased growth performance. Postbiotics also reduce yolk
and plasma cholesterol levels in laying hens and improve egg quality [69].
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Postbiotic use has resulted in improved growth performance, meat quality, fecal lactic acid bacteria
counts, villus height, and the ability to withstand heat stress in broilers, laying hens, and pigs [70].
Inclusion of postbiotics in feed and water has shown positive results in reducing the severity of
nephrotic enteritis and improving liver and immune health in broiler chickens compared to commonly
used probiotics and antibiotics [71].

In conclusion, it should be emphasized that the transition from antibiotics to probiotics and further
to the use of postbiotics marks a fundamental evolution in poultry feeding strategies. This concept
reflects a shift from attempts to quantitatively colonize the gut with live microflora to methods of
targeted management of poultry health and homeostasis using heat-stable and technologically advanced
biomolecules with predictable biological effects.

A comparative analysis of the data revealed a clear shift in research interest from probiotics to
postbiotics. This is driven by a key technological trend: postbiotics, unlike live cultures, are heat-stable
during feed pelleting and have a long shelf life, which solves the main problem with traditional probiotics.

Alternatives and the effectiveness of postbiotics in poultry farming

Postbiotics are the most rational alternative in poultry farming, as they combine the safety of
antibiotics with the functional benefits of probiotics, while mitigating their production shortcomings.

Despite the steady growth in the number of publications on postbiotics, debate continues regarding
their precise definition [72]. Over the past decade, probiotics have become the subject of intensive
research due to their ability to improve gut health and modulate the microbiome, aiding in the treatment
and prevention of disorders, strengthening the immune system, and participating in digestion, as
confirmed by numerous clinical studies [73]. It should be noted, however, that preserving live, active
bacteria with desired properties in probiotics is not always achievable. Therefore, the search for ways to
utilize non-living probiotic bacterial cells, i.e., their metabolites-postbiotics-has become a pressing issue
in the field of biotechnology.

The global literature contains extensive data confirming the effectiveness of postbiotics in poultry
farming. Numerous publications attest to their positive impact on stimulating productivity and restoring
the intestinal microbiome of poultry.

POSTBIOTICS
Gut Immune Productivity
Health Modulation Enhancement

|

Safe and Stable Alternative to Antibiotics and Probiotics

Figure 4. Postbiotics as a safe and stable alternative to antibiotics and probiotics in poultry production

In a study by Kareem et al. to determine the effect of postbiotics synthesized by Lactobacillus
plantarum and inulin on the performance of broiler chickens, it was found that chickens fed a
combination of postbiotics and inulin in starter and finisher diets demonstrated significantly higher body
weight and weight gain compared to the control group. Postbiotics can reduce the number of pathogenic
microorganisms in the intestine, improving intestinal health and growth efficiency [74].
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Postbiotic use improves intestinal villi and intestinal barrier function, increases lactic acid production,
and reduces enterobacteria and fecal pH, which contributes to improved immune response, intestinal
health, and growth. Postbiotics also reduce plasma cholesterol and triglyceride levels in poultries [75].

Scientific studies by a number of authors confirm that introducing a 0.2% Lactobacillus acidophilus-
based postbiotic into broiler diets effectively replaces feed-based antibiotic growth promoters. At this
dosage, the preparation not only demonstrates high antibacterial activity but also eliminates the risks
associated with the use of live probiotic cultures, such as excessive immune stimulation and competition
between microflora and the host organism for nutrients [76].

Y. Chen et al. demonstrated the high therapeutic efficacy of Bifidobacterium bifidum (BbP)-based
postbiotics as an alternative to antibacterial drugs for Salmonella Pullorum infection. The key mechanism
of action of BbP is the suppression of pyroptosis, a specific form of programmed epithelial cell death
induced by Salmonella. In parallel with this, the postbiotic ensures the regeneration of the intestinal
barrier function through the expression of tight junction proteins and modulates the composition of the
microbiota, creating unfavorable conditions for pathogen persistence [77].

The use of the postbiotic Culbac (a fermentation product of inactivated Lactobacillus acidophilus
strains; TransAgra International Inc., USA) in chicken diets demonstrated its therapeutic potential,
significantly reducing clinical morbidity and mortality, as well as minimizing pathological lesions of the
intestinal mucosa, compared to an untreated infected control group [78].

All postbiotics available on the market represent a complex of biologically active metabolites of
probiotic microorganisms that have significant potential for improving poultry productivity. Their
effectiveness is due to their pronounced immunomodulatory effect, which is manifested by the activation
of both innate and adaptive immune mechanisms in chickens [79].

A review by R.C. Reuben, et al. examined the concept, impact, and mechanisms of application of
prebiotics, probiotics, and postbiotics in poultry farming and found that their use will undoubtedly lead
to a more sustainable, safe, and cost-effective poultry industry, which will help feed the world [80].

The authors Y. Danladi, et al. investigated the effect of postbiotics and paraprobiotics from an active
culture of Lactiplantibacillus plantarum instead of antibiotics and obtained positive effects on growth
performance, small intestinal morphology, immune status, and liver growth gene expression in broiler
chickens [81].

In the last decade, numerous scientific and clinical studies have been devoted to the study of the effect
of probiotics, prebiotics, and symbiotics in diets, given their positive impact on microbial composition
and normalization of intestinal balance [82].

The intestinal barrier is known to maintain intestinal integrity and provide protection against the
penetration of intestinal pathogens [83]. The immune system can also influence the permeability of the
intestinal barrier [84]. The literature reports the influence of pro- and postbiotics on immunity-related
parameters [85].

Numerous studies examining postbiotics show that their effects on the immune system and intestinal
barrier are comparable to those of probiotics, but they are also more stable and maintain their safety. This
means that postbiotics are similar to probiotics in many ways and are more stable. However, optimal
technologies for producing postbiotics, as well as their indications, have not yet been clearly developed.
Therefore, this area requires in-depth and thorough research [86, 87].

Unlike probiotics, postbiotics do not require survival in the intestine, which makes them a promising
option for poultry applications. Their mechanism of action is based on the direct interaction of bacterial
metabolites with the intestinal epithelium and immunocompetent cells of the gastrointestinal tract.
Postbiotics can modulate the immune response and enhance the integrity of the intestinal barrier. The
latter, acting synergistically with the immune system and the microbiota, provides comprehensive
protection against infections and helps maintain host homeostasis.

In this regard, Professor Mikhail Chikindas of Sechenov University noted in his presentation that
postbiotics are unlikely to replace probiotics in the market, as probiotics can proliferate within the host
and exert beneficial effects for a longer period than inactivated microorganisms. Despite the smaller size
of the postbiotics market compared with the probiotics market, analysts report that the former is growing
ten times faster than the latter; therefore, the health products market is expected to undergo significant
changes in the near future.
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Accordingly, an increase in the number of studies focused on postbiotics and the development of
scientifically grounded approaches to their industrial production can be anticipated. Such advances
may help mitigate the safety risks associated with live microbial cultures while ensuring high product
stability and preserving biological activity.

Existing Limitations in the Standardization, Economic Aspects, and Prospects for the Application
of Postbiotics

Despite the advantages of postbiotics highlighted in this review, further research is required to
understand the more complex interactions between these compounds and their relationships within
different poultry species and their immune systems [88].

Numerous studies have reported that, in addition to the positive effects of postbiotics on poultry
health and growth performance, several challenges limit their large-scale implementation in production
systems [89].

Studies evaluating the efficacy of postbiotics in broiler chickens have demonstrated no statistically
significant improvements in feed conversion ratio (FCR) or average daily gain (ADG) compared with
control groups. In this regard, strain specificity plays a significant role; that is, a postbiotic preparation
derived from one particular bacterial strain may exhibit strong antimicrobial activity, whereas another
strain of the same species may produce only negligible effects [90].

In most studies assessing the efficacy of postbiotics in animals, a specific dosage has not been
established. In the study by Y. Danladi, et al. (2022), which investigated the use of postbiotics and
paraprobiotics as alternatives to antibiotics in broiler chicken production, no statistically significant
differences ((p > 0.05)) were observed among the experimental groups with respect to final body weight,
total body weight gain, or feed conversion ratio [81].

There are also reports indicating that the inclusion of various postbiotics in the diets of broiler
chickens reared under heat stress conditions does not significantly affect carcass yield. This finding is
consistent with the results reported by Kareem et al. (2016), who likewise observed that the combined
administration of postbiotics and inulin had no effect on broiler dressing percentage [91].

The effects of postbiotics on growth performance and intestinal health remain inconsistent, despite
their recognition as active growth-promoting agents. Therefore, researchers emphasize the need for
additional studies to standardize postbiotic therapy and to investigate its long-term effects on poultry
productivity [92].

The scientific literature describes numerous challenges associated with the standardization and
industrial production of postbiotics, primarily due to the absence of a unified international regulatory
framework and clearly defined quality control standards. N. Piqué et al. identified technological barriers,
including the complexity of the chemical composition of postbiotic metabolites, which complicates the
development of standardized quality control protocols for industrial production [93].

Consequently, postbiotics require a clearer classification system and nomenclature in both
commercial and regulatory contexts [94].

It should also be noted that postbiotics present limitations for large-scale production from a
commercial perspective. Their production costs remain substantially higher than those of traditional
feed additives such as prebiotics and organic acids. This is attributable to the high costs associated
with downstream processing required for cell inactivation, as well as spray-drying or freeze-drying
procedures. Ultimately, these factors increase feed production costs, making the return on investment
(ROI) unpredictable for large poultry enterprises.

The study by T.H. Khayoon, et al. (2024) experimentally confirmed that, despite significant
improvements in feed conversion and the production index following postbiotic supplementation, the
economic efficiency of feed expenditures declined compared with the unsupplemented control group
due to the high cost of the postbiotic component itself [95].

In addition, the application of postbiotics in industrial poultry production presents operational
challenges associated with high-temperature feed processing (80-90 °C) during pelleting. Although
postbiotics are generally more thermostable than live probiotics, prolonged exposure to heat may still
denature thermolabile enzymes and vitamins present within the matrix [96].

Thus, substantial heterogeneity in postbiotic characteristics, dosage regimens, and experimental
designs limits the comparability of results across studies. Therefore, future research in this field should
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prioritize the standardization of postbiotic composition, evaluation of dose response relationships, and
large-scale commercial validation to ensure consistent application under industrial production conditions.

Conclusion

This review demonstrated improvements in the productivity and economic efficiency of poultry
production.

The results of this review demonstrate the feasibility of using postbiotics in industrial poultry
production. The use of postbiotics helps stabilize homeostasis and correct the physiological status of
poultry, which translates into enhanced growth processes and optimized meat production profitability.

It is known that the traditional practice of extensively using antibiotics in poultry production for the
prevention and promotion of growth has become unsustainable. The key negative consequences include
the spread of antibiotic resistance and intestinal dysbiosis in poultry, which poses risks to food security.

One of the key factors driving the transition from antibiotics to probiotics in poultry production was
the ban on their use, which forced the industry to seek safe biological alternatives. Officially, on January
1, 2006, the European Union imposed a complete ban on the use of antibiotics as growth promoters
in livestock feed. The decision followed a long-standing debate about the risks associated with the
widespread use of antimicrobials in industrial livestock production and reflected growing concern in the
EU about the problem of bacterial resistance to antibiotics [97].

In this regard, the transition to the use of probiotics has become an important step towards greening
poultry farming. While live cultures have the ability to competitively displace pathogenic microflora
and stimulate the immune response, they nevertheless face significant technological challenges. Key
challenges include low thermal stability, leading to loss of viability during feed expansion and pelleting
at temperatures above 75-80 °C, as well as the additional time required for adhesion and colonization
of the intestinal epithelium.

The limitations inherent in live cultures have led to the emergence of a new category of bioactive
compounds — postbiotics. According to the ISAPP definition (2021), which remains valid in 2025,
postbiotics are preparations of non-living microorganisms or their components that provide a health
benefit to the host.

Thus, despite the proven effectiveness of probiotics in maintaining the microbiome and optimizing
digestive processes in chickens, their widespread use is limited by their low technological stability.
The main challenge remains maintaining the viability of vegetative forms of microorganisms under
aggressive production conditions and during transit through the gastrointestinal tract. Postbiotics-
preparations based on inactivated microbiotic structures and their metabolites-are being considered as a
promising alternative that offsets these shortcomings.

The conducted theoretical analysis confirms the high potential of postbiotics in chicken rearing and
opens up new prospects for industrial poultry farming. In this regard, as part of a grant project funded by
the Ministry of Healthcare and Education of the Republic of Kazakhstan, we are conducting research to
identify probiotic microorganisms that produce postbiotics, such as exopolysaccharides, organic acids,
and bacteriocins. In conclusion, postbiotics and sustainable poultry farming will ensure food safety and
security worldwide.
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Abstract

Background and Aim. Brucellosis remains one of the most significant bacterial zoonoses affecting
livestock productivity and public health worldwide. Vaccination is the cornerstone of bovine brucellosis
control; however, its efficacy may be reduced by factors that affect the host immune response, including
parasitic infections. Helminths are known to modulate immune and may suppress vaccine-induced
antibody production. This study aimed to evaluate the effect of helminth infestation on antibody
production following vaccination with Brucella abortus strain 82 and to assess the impact of prior
anthelmintic treatment.

Materials and Methods. A total of 20 cattle were divided into two groups (n = 10 each). Helminth
infections were confirmed in all animals using coproscopic and larvoscopic methods, including the
Fulleborn flotation technique. The experimental group received anthelmintic treatment (Monizen forte,
1 uL/20 kg body weight, orally) before vaccination, whereas the control group was vaccinated without
prior deworming. All animals were immunized with B. abortus strain 82 (5 pL, subcutaneously). Blood
samples were collected 26 days after vaccination, and antibody responses were assessed using the
indirect hemagglutination assay, agglutination test, and thecomplement fixation test.

Results. Parasitological analysis revealed mixed helminth infections (Dictyocaulus spp.,
strongylates, Nematodirus spp., and Moniezia spp.) in allanimals. Anthelmintic treatment demonstrated
high efficacy, resulting in the complete elimination of strongylates and monieziosis. Serological results
showed significantly stronger and more consistent antibody responses in the treated group compared
with untreated controls, which exhibited lower titers and heterogeneous reactions.

Conclusion. Helminth infestation adversely affects post-vaccination humoral immunity against
brucellosis in cattle. Pre-vaccination deworming enhances antibody production and may improve the
effectiveness of brucellosis control programs.
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Introduction

Brucellosis is one of the most widespread bacterial zoonosesaffecting both animals and humans
worldwide. The disease is caused by Gram-negative bacteria of the genus Brucella, which are facultative
intracellular pathogens capable of infecting a wide range of domestic and wild animal species. In
cattle, the main etiological agent is Brucella abortus, which causes abortion, infertility, reduced milk
production, and other reproductive disorders. These pathological effects lead to considerable economic
losses in livestock production and pose a serious threat to food safety and public health [1-6].

Despite long-term control programs, involving vaccination, veterinary surveillance, and sanitary
measures, brucellosis remains endemic in many regions of the world. In countries with well-developed
livestock industries, the disease remains one of the major infectious constraints affecting cattle production
and requires the continuous improvement of preventive strategies and vaccination approaches [7-9].

Vaccination remains the main method for the specific prevention of bovine brucellosis. Live attenuated
vaccines, such as Brucella abortus strain S19 and RB51 are widely used in cattle to induce protective
immunity and reduce the spread of infection within animal populations. These vaccines stimulate both
humoral and cell-mediated immune responses, which together contribute to protection against infection.
However, because Brucella spp. are facultative intracellular pathogens that replicate within macrophages,
effective immunity largely depends on the activation of cellular immune mechanisms. In particular, T
helper type 1 (Thl) cells play a critical role in protective immunity by producing interferon-gamma
(IFN-y), which activates macrophages and enhances their bactericidal activity against intracellular
bacteria. Humoral immunity also contributes to host defense, particularly in the later stages of infection,
when antibodies promote bacterial opsonization and facilitate phagocytosis [7, 8, 10—13].

However, the effectiveness of vaccination programs may vary considerably depending on several
biological and environmental factors. The development of post-vaccination immunity may be influenced
by the physiological status of animals, nutritional deficiencies, stress, management practices, and
the presence of concurrent infections and other immunosuppressive factors [9, 14, 15]. Changes in
the immunobiological reactivity of animals may therefore lead to reduced vaccine-induced immune
responses and reduced effectiveness of preventive measures.

Parasitic infections are among the factors that can substantially influence the immune status of
animals. Parasites have pronounced immunomodulatory properties and can significantly alter both innate
and adaptive immune responses in the host. Numerous studies have demonstrated that chronic parasitic
infections can lead to secondary immunodeficiency, reduce host resistance, and increase susceptibility
to infectious diseases of various etiologies [14, 16].

Helminthiases comprise a large group of parasitic diseases caused by helminths, including nematodes,
cestodes, and trematodes. These parasites are widely distributed among livestock worldwide. In cattle, the
most common helminths include Ostertagia, Haemonchus, Trichostrongylus, Fasciola, and Moniezia.
Helminths can persist in the host for long periods, causing chronic infections associated with metabolic
disorders, decreased productivity, and modulation of the host immune system [16—-18].

A characteristic feature of helminth infections is their ability to induce a T helper type 2 (Th2) immune
response. This response is characterized by increased production of cytokines such as interleukin-4 (IL-4),
IL-5, and IL-13, the activation of eosinophils and mast cells, and enhanced production of immunoglobulin
E (IgE). The Th2-mediated immune response plays a crucial role in eliminating multicellular parasites
from the host. However, this immune polarization may simultaneously suppress Thl-mediated immune
responses that are required for effective protection against intracellular pathogens, including bacteria of
the genus Brucella [16, 17, 19, 20].

In addition to inducing Th1/Th2 immune polarization, helminths can also activate regulatory
mechanisms of the immune system. These include the expansion of regulatory T cells (Treg) and
increased production of anti-inflammatory cytokines such as interleukin-10 (IL-10) and transforming
growth factor-beta (TGF-B). Such mechanisms reduce inflammatory responses and promote parasite
survival, but may simultaneously suppress protective immune responses against unrelated pathogens or
vaccines [18].
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In recent years, increasing attention has been paid to the effects of helminth infections on vaccine-
induced immunity. Experimental and epidemiological studies have demonstrated that chronic helminth
infections can reduce the immunogenicity and protective efficacy of vaccines against various infectious
diseases. These effects are mainly associated with parasite-induced immunomodulation and suppression
of Thl-type immune responses required for effective vaccine-mediated protection [21, 22].

In livestock production systems, this interaction between parasitic infections and vaccination
outcomes is of particular importance. Helminth infections are widespread in cattle populations and often
occur as chronic subclinical infections that remain undetected during routine veterinary monitoring.
Although such infections may not always cause obvious clinical signs, they can significantly alter
the immunological reactivity of animals. Consequently, helminth infection in cattle may reduce the
effectiveness of vaccination against infectious diseases, including brucellosis [6, 15].

A better understanding of the interactions between parasitic and bacterial infections may contribute
to improving vaccination strategies, increasing the effectiveness of immunoprophylaxis, and optimizing
disease control programs in livestock production.

Materials and Methods

Ethical approval

All procedures involving animals were carried out in accordance with generally accepted veterinary
and ethical standards for the use of animals in scientific research.

Animals and study design

The study was conducted on 4-year-old red-steppe cows (n = 20) on a brucellosis-free farm in
the Gunibsky District of the Republic of Dagestan. Due to limited material and technical resources,
20 animals were selected for the study. All animals were clinically examined before the experiment
and serologically tested for brucellosis. Individual fecal samples were collected from each animal
to determine the presence of helminth infections. According to the study design, the animals were
divided into two groups of 10 animals each: an experimental group and a control group. Animals in the
experimental group received anthelmintic treatment 7 days before vaccination., whereas animals in the
control group were vaccinated without prior deworming.

Parasitological examination

Helminth infections were diagnosed using standard parasitological techniques, including coproscopic
and larvoscopic examinations. Helminth eggs in fecal samples were detected using the Fulleborn
flotation method. Parasitological analysis allowed the identification of helminths belonging to different
taxonomic groups.

To evaluate the level of helminth infestation, the extent of the invasion (EI) was calculated as the
percentage of infected animals in the examined population. After anthelmintic treatment, the extensive
efficiency (EE) was determined to assess the therapeutic efficacy of the drug.

Anthelmintic treatment

Animals in the experimental group were treated with a broad-spectrum anthelmintic drug, Monizen
forte. The drug was administered orally as a single dose at a dose of 1 pL per 20 kg of body weight
according to the manufacturer’s instructions. Treatment efficacy was evaluated based on the absence of
helminth eggs in fecal samples collected after treatment.

Vaccination

Following the parasitological examination and anthelmintic treatment, animals in both groups were
vaccinated against brucellosis using a vaccine prepared from the low-agglutinogenic Brucella abortus
strain No. 82. The vaccine was administered subcutaneously at a dose of 5 uL into the posterior third of
the neck according to the recommended vaccination protocol.

Serological testing

Blood samples were collected from the animals 26 days after vaccination to assess the formation of
post-vaccination antibodies. Serum samples were obtained by centrifugation and used for serological
testing. Three serological diagnostic methods were employed: indirect hemagglutination test (IHA),
agglutination test (AT), and complement fixation test (CFT).

The agglutination test and the complement fixation test were performed according to the
procedures described in the official “Guidelines for the Diagnosis of Animal Brucellosis.” The indirect
hemagglutination test was conducted according to the manufacturer’s instructions.
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Statistical analysis

The obtained data were analyzed using descriptive statistical methods. The prevalence of helminth
infections and the efficacy of anthelmintic treatment were expressed as percentages. The serological
responses of animals in the experimental and control groups were compared to evaluate the influence of
helminth infestation on the development of the immune response following vaccination.

Results

The objective of the present study was to investigate antibody production following vaccination
with the Brucella abortus strain 82 vaccine in cattle under conditions of helminth infestation.

For this purpose, two groups of 10 animals each were formed. Before the experiment, all animals were
examined for the presence of helminth infections using standard parasitological diagnostic methods. The
results of the examination showed that the prevalence of helminth infection among the studied animals
was 100%. Parasitological analysis revealed the presence of several groups of helminths, including
nematodes (Dictyocaulus spp., strongylates, Nematodirus spp.) and cestodes (Moniezia spp.).

Considering the highprevalence of mixed helminth infections in the studied animals, a broad-
spectrum anthelmintic drug, Monizen forte, was selected for deworming. The drug was administered to
animals of the experimental group according to the manufacturer’s instructions at a dosage of 1 ml per
20 kg of body weight. The results of the treatment effectiveness are presented in Table 1.

Table 1. Efficacy of Monizen forte in the experimental group of animals

Names of Number of Drug dosage Route of Extent of the Extensive
diseases animals freed (mL/kg) administration | invasion (EI, | efficiency (EE,
from parasites %) %)
after treatment
(heads)
Nematode infections
Dictyocaulosis 7 1 mL/20 kg Single dose, 70.0 79.3
body weight individually,
orally
Strongylid 10 1 mL/20 kg Single dose, 100.0 100.0
infection body weight individually,
orally
Nematodirosis 8 1 mL/20 kg Single dose,
body weight individually,
orally
Cestode infections
Monieziosis 10 1 mL/20 kg Single dose, 100.0 100.0
body weight individually,
orally

The data presented in Table 1 demonstrate the high therapeutic effectiveness of the Monizen forte
preparation against the helminth infections detected in the animals. In cases of strongylate infections
and monieziosis, complete elimination of helminths from the animals’ bodies was observed, with both
the extent of the invasion (EI) and the extensive efficiency (EE) reaching 100%. High effectiveness was
also observed against Nematodirus infections, where 8 out of 10 animals were freed from the parasites.
Slightly lower but still significant effectiveness was recorded in the treatment of dictyocaulosis, where 7
animals recovered following treatment, corresponding to an EI of 70.0% and an EE of 79.3%.

Overall, the results indicate that Monizen forte exhibits a pronounced anthelmintic effect against the
most common gastrointestinal and pulmonary helminths of cattle. The elimination of helminth infections
prior to vaccination is particularly important, as parasitic infestations can negatively affect the immune
system and alter the formation of post-vaccination immunity.

After evaluating the effectiveness of the anthelmintic treatment, the animals were vaccinated against
brucellosis using a vaccine based on Brucella abortus strain 82. Serological examination of blood sera
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was performed 26 days after vaccination using three diagnostic methods: the indirect hemagglutination
test (IHA), the agglutination test (AT), and the complement fixation test (CFT). The results obtained in
the experimental group are presented in Table 2.

Table 2. Results of serological testing of animal blood sera following treatment with the anthelmintic
Monizen forte

Serological tests
No IHA SAT, ME CFT
1 1:200 # 100 # 1:20 #
2 1:200 # 100 # 1:20 +++
3 1:200 # 100 ++ 1:20 #
4 1:200 +++ 100 ++ 1:20 ++
5 1:200 # 100 ++ 1:20 #
6 1:200 # 100 # 1:20 +++
7 1:200 # 100 # 1:20 #
8 1:200 # - 1:20 ++
9 1:200 # 100 +++ 1:20 #
10 1:200 +++ 100 ++ 1:20 #

Note: IHA: 1:200 #, +++ high antibody titers
SAT, ME: 100 #, +++ high antibody titers
SAT, ME: 100 ++ low antibody titers
SAT, ME: - no antibody titers
CFT: 1:20 # +++, ++ high antibody titers

Analysis of the data presented in Table 2 shows that animals of the experimental group, which
received anthelmintic treatment prior to vaccination, developed a pronounced humoral immune response
to the vaccine. Most animals demonstrated positive serological reactions in at least one of the diagnostic
tests. In several animals (Nos. 4, 6, and 10), strong positive reactions were detected simultaneously in
two or three tests, indicating a sufficiently high level of antibody production following vaccination.

For example, animal No. 4 demonstrated strong positive reactions (+++) in the IHA and AT tests
and a positive reaction (++) in the complement fixation test. Animal No. 6 showed strong antibody
titers (+++) in both the IHA and CFT tests. Similarly, animal No. 10 exhibited strong positive reactions
(+++) in the IHA test and moderate positive reactions (++) in the AT test. These results indicate active
formation of post-vaccination antibodies and confirm the development of a specific immune response to
the brucellosis vaccine.

At the same time, several animals showed weaker or borderline reactions in individual tests.
However, the presence of positive reactions in different serological assays suggests that the vaccinated
animals developed detectable levels of antibodies against Brucella antigens.

In contrast, the results obtained in the control group (Table 3), where animals were vaccinated
without prior anthelmintic treatment, showed a less pronounced immune response. Although some
animals demonstrated positive serological reactions, the overall antibody response was weaker and
more inconsistent compared to the experimental group.

Table 3. Results of serological testing of animals in the control group (without anthelmintic treatment)

Serological tests
No IHA SAT, ME CFT
1 1:200 +++ 100 ++ -
2 1:200 # 100 + 1:20 +
3 1:200 +++ 100 +++ 1:20 +
4 1:200 # 100 # 1:20 #
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Continuation of Table 3

5 1:200 +++ 100 ++ -

6 - 100 ++++ 1:20 +
7 - - 1:20 +++
8 1:200 +++ - -

9 1:200 +++ 100 ++ 1:20 #
10 1:200 +++ - -

Note: IHA: 1:200 #, +++ high antibody titers
IHA: - no antibody titers
SAT, ME: 100 #, +++ high antibody titers
SAT, ME: 100 ++ low antibody titers
SAT, ME: - no antibody titers
CFT: 1:20 #, +++ high antibody titers
CFT: 1:20 + low antibody titers
CFT: - no antibody titers

In the control group, several animals demonstrated negative reactions in one or more serological
tests. For example, animals Nos. 5, 7, 8, and 10 showed negative reactions in two diagnostic assays. In
addition, antibody titers were generally lower, and strong positive reactions (+++) were observed less
consistently across the different tests. The uneven distribution of serological responses suggests that
helminth infections may have negatively influenced the development of post-vaccination immunity.

The comparison of the serological results between the experimental and control groups clearly
demonstrates that animals receiving anthelmintic treatment prior to vaccination developed a more
pronounced and consistent immune response. In the experimental group, positive reactions were detected
more frequently and were characterized by higher antibody titers across multiple serological tests.

The observed differences in the immune response may be explained by the immunomodulatory
effects of helminths. Helminth infections are known to induce a Th2-dominated immune response
and activate regulatory immune mechanisms that suppress Thl-mediated immunity. Since protective
immunity against Brucella relies largely on Th1-type immune responses, the presence of helminths may
interfere with the development of effective post-vaccination immunity.

By eliminating helminths before vaccination, the immune system of animals in the experimental
group was likely able to respond more efficiently to the vaccine antigen. This may have contributed to
the more active production of antibodies and the stronger serological reactions observed in this group.

Thus, the results obtained in the present study demonstrate the importance of conducting deworming
procedures prior to vaccination of cattle against brucellosis. The use of an effective anthelmintic drug
allowed elimination of helminth infections and contributed to the development of a more pronounced
post-vaccination immune response.

These findings confirm that helminth infections can negatively affect the immunological reactivity
of animals and reduce the effectiveness of vaccination programs. Therefore, the integration of
antiparasitic treatment into preventive veterinary programs may significantly improve the effectiveness
of immunoprophylaxis against brucellosis in cattle.

Discussion

The results obtained in the present study clearly demonstrate that helminth infections may
considerably influence the formation of immune responses following vaccination against brucellosis in
cattle. Animals that underwent deworming before vaccination developed a more pronounced humoral
immune response compared to animals that remained infected with helminths.

The observed differences between the experimental and control groups can be explained by the
immunomodulatory properties of helminths. Numerous studies have shown that helminth infections
are capable of altering the host immune system by inducing a Th2-dominated immune response
and activating regulatory immune pathways. These mechanisms promote parasite survival but may
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simultaneously suppress Thl-mediated immune responses, which are essential for protection against
intracellular pathogens such as Brucella. Since effective immunity against brucellosis largely depends
on the activation of cellular immune mechanisms and the production of interferon-gamma, helminth-
induced immune modulation may interfere with the formation of protective post-vaccination immunity.

In the present study, animals treated with the anthelmintic drug Monizen forte demonstrated stronger
and more consistent antibody responses following vaccination. The higher frequency of positive
serological reactions and the presence of strong antibody titers in several diagnostic tests suggest that
elimination of helminths prior to vaccination creates more favorable conditions for the development of
immune responses to the vaccine antigen.

Conversely, animals in the control group, which remained infected with helminths, demonstrated
weaker and more inconsistent serological reactions. The presence of negative reactions in several
diagnostic assays and lower antibody titers indicate that helminth infections may reduce the
immunogenicity of the vaccine. These findings are consistent with previously reported data indicating
that parasitic infections may suppress immune responses to vaccines and reduce their effectiveness.

The results of this study therefore confirm the importance of considering parasitic infections as
a significant factor influencing the outcome of vaccination programs in livestock. In regions where
helminth infections are widespread, failure to eliminate parasites prior to vaccination may lead to
inadequate development of post-vaccination immunity and consequently reduce the effectiveness of
disease control measures.

The use of effective anthelmintic treatment prior to vaccination may therefore represent an
important component of integrated veterinary preventive programs. Such an approach may improve the
immunological responsiveness of animals and contribute to the formation of a stronger and more stable
immune response following vaccination against brucellosis.

Conclusion

The results of the present study demonstrated that the administration of the anthelmintic drug
Monizen forte did not produce any negative effects on the physiological condition of the animals during
the experimental period. At the same time, the drug showed high anthelmintic efficacy against the
helminth infections detected in the studied cattle, including nematodes and cestodes.

The obtained data indicate that helminth infestation may significantly influence the formation of
the immune response following vaccination with the Brucella abortus strain 82 vaccine. Animals that
received anthelmintic treatment prior to vaccination developed a more pronounced antibody response
compared to the control group, which remained infected with helminths. This suggests that helminth
infections can reduce the effectiveness of immunoprophylaxis by modulating the immune system and
interfering with the development of vaccine-induced immunity.

Based on the results obtained, it is recommended to carry out deworming of cattle 10—14 days prior
to vaccination against brucellosis. The implementation of this approach may contribute to the formation
of a stronger and more stable immune response following vaccination and may therefore improve the
overall effectiveness of brucellosis prevention programs in cattle.
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