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Dear colleagues,
As always, we are announcing:
Call for Papers — One Health Journal

The One Health approach fosters
integrated collaboration across human,
animal, plant, and environmental health
sectors to effectively address complex
global health challenges.

Founded in 2022 by the State Scientific
and Research Institute for Laboratory
Diagnostics and Veterinary and Sanitary
Expertise (SSRILDVSE) in partnership
with the Non-Governmental Organization
One Health Institute (NGO OHI), the One
Health Journal provides a platform for
interdisciplinary scientific communication
and knowledge exchange. The journal
has been included in the State Register
of Professional Scientific Journals since
2023 in the fields of veterinary and biological sciences, and since 2024 in medical
sciences.

We invite researchers and practitioners to submit original research articles and review
papers that contribute to the development and implementation of the One Health
concept.

The forthcoming issue will focus on key challenges at the interface of human,
veterinary, and environmental health, including:

- infectious diseases
- food safety and biosecurity
- environmental protection

We encourage you to join us in strengthening scientific collaboration and advancing the
One Health paradigm.

We look forward to receiving your submissions and to your valuable contributions.

Sincerely yours,

Prof. Dr Anton Gerilovych,
Editor-in-Chief

ONE HEALTH
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Section 1

PO3[IJ1 1. EMepaXeHTHi xBOopobOu Ta €EauHe 340pOB’A
SECTION 1. Emergent diseases and One Health

UDC 636.09:616-093/098
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Multidrug-resistant Enterobacteriaceae in veterinary practice: current challenges
Murashko O.1.', Melnyk V.V.2 (ORCID: 0000-0002-6958-2577)

1 — State Institution "L.V. Gromashevsky Institute of Epidemiology and Infectious Diseases
of the National Academy of Medical Sciences of Ukraine", Kyiv, Ukraine, e-mail:
sunsetmur@gmail.com

2 — National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Abstract. Antimicrobial resistance in companion animals is of growing importance within the One
Health approach due to close contact between humans and domestic animals and the risk of
circulation of multidrug-resistant pathogens in households and veterinary clinics. The aim of the
study was to evaluate the structure of clinically significant isolates of the Enterobacteriaceae
family and the proportion of multidrug-resistant (MDR) strains in dogs and cats with clinical signs
of bacterial infections in veterinary clinics in Kyiv in 2022-2025.

Wound material was collected with sterile swabs from the depth/area of active inflammation and
placed in Amies transport medium (AMIES). Samples (n=63: feces -17 (27.0%) and swabs from
purulent-inflammatory wounds - 46 (73.0%)) were transported at +2...+8 °C. Cultivation was
performed on MacConkey agar and Endo medium with incubation at 35-37 °C for 1824 hours;
identification was performed using standard biochemical tests. Sensitivity to antimicrobial drugs
was determined using the Kirby—Bauer method on Mueller—Hinton agar with interpretation
according to EUCAST, ESBL was detected using the DDST method. MDR was defined as
insensitivity to at least one drug in three or more classes. The data were summarized descriptively
(n, %).

The study was conducted as a single-moment observational study. Of the 63 clinical samples
selected, the dominant isolate was Escherichia coli - 44/63 (69.8%), while Klebsiella spp.
accounted for 19/63 (30.2%). MDR was detected in 15/63 isolates (23.8%), i.e., almost every
fourth isolate was characterized by multidrug resistance. The detection of Klebsiella spp. as the
second most frequent group is also clinically significant, since representatives of this genus are
often associated with clinically associated infections and are capable of accumulating resistance
factors, which complicates treatment.

In veterinary clinics in Kyiv in 2023-2025, E. coli predominated among clinical isolates of
Enterobacteriaceae, and the proportion of MDR was 23.8%. The recorded proportion of MDR
indicates an increased risk of ineffective empirical antibiotic therapy and justifies the need for
wider use of bacteriological testing and susceptibility testing for clinically significant cases,
particularly in purulent-inflammatory lesions of the skin and soft tissues. The results confirm the
need for regular local microbiological monitoring, enhanced infection control, and rational use of
antimicrobial drugs in the treatment of companion animals.

Keywords: antimicrobial resistance, multidrug resistance, Enterobacteriaceae, Escherichia coli,
Klebsiella spp., companion animals, veterinary clinics, One Health

The issue of antimicrobial resistance (AMR) in domestic animals is becoming increasingly
relevant for several reasons: the constant use of antibacterial drugs in veterinary practice, close
contact between small pet owners and their animals, and intensive microbial exchange within
homes and veterinary clinics. Under these conditions, animals can act not only as a factor
reflecting the circulation of resistant strains in the shared environment, but also as a potential
reservoir and “bridge” for the transmission of multidrug-resistant enterobacteria between humans,
animals, and the environment, making the problem cross-sectoral from a One Health perspective
(Walther, 2023; Menezes, 2024; Monteiro, 2025).

The transmission of multidrug-resistant bacteria (MDR/MDRO) among dogs and cats is
considered an important component of the AMR problem, as carrier animals can maintain the
circulation of resistant enterobacteria in households and veterinary facilities. Enterobacterales (in
particular the Enterobacteriaceae family) are of particular importance in the structure of AMR in
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companion animals due to their prevalence in both normal microbiota and among pathogens of
various etiologies (skin and soft tissue infections, postoperative complications). At the same time,
they are characterized by a high capacity for horizontal transfer of resistance genes, which
contributes to the formation of MDR/MDRO profiles. At the molecular level, the spread of plasmid-
associated determinants plays a key role, primarily extended-spectrum B-lactamases (ESBL) and
AmpC (Formenti, 2021; Menezes, 2024).

A systematic review of risk factors for antimicrobial-resistant Enterobacterales in dogs
highlights the importance of previous antibiotic use, hospitalisation, and certain clinical conditions
that increase the likelihood of detecting resistant isolates (Karalliu, 2024). The emergence of
carbapenemase-producing Enterobacteriaceae in small companion animals is a particular
concern, as such resistance mechanisms are associated with antimicrobial drugs that are critical
for treatment and may reflect intense selective pressure in the clinical setting. It has been noted
that the link between inadequate infection control in veterinary clinics correlates with
environmental contamination with carbapenemase-producing Enterobacterales and other MDR
bacteria (Schmidt, 2020), and recent reviews and reports from various European countries
confirm the growing importance of this problem in the treatment of small animals (Silva, 2022;
Silva, 2024; Perreten, 2025).

Additional attention is drawn to reports of decreased sensitivity to colistin among isolates
obtained from companion animals, particularly within the Enterobacter cloacae complex, which
emphasizes the need for rational use of antimicrobial drugs and laboratory monitoring of treatment
(Sato, 2022). According to a population study in China, MDR Escherichia coli was detected in
35.77% of companion animals (dogs — 40.96%, cats — 27.28%), which indicates a significant
prevalence of resistant strains even outside the veterinary clinic (Teng, 2023). At the same time,
the risk of colonization increases in clinical settings: in Switzerland, the proportion of MDRO-
carrying animals was 15.5% on admission and 32.1% on discharge, and MDRO acquisition during
treatment was recorded in 28.3% of cases, emphasizing the role of veterinary clinics as an
environment for intensive selection and transmission of resistant microorganisms (Dazio, 2021b).
Data from a hospital in Spain show a similar trend: the carriage of ESBL-producing
Enterobacteriaceae in dogs increased from 25.0% on admission to 45.5% on discharge (Ortiz-
Diez, 2023). Available data also confirm the possibility of MDRO transmission between humans
and animals under conditions of close contact, which increases the significance of the problem
within households and clinics (Dazio, 2021a; Hackmann, 2024; Menezes, 2024).

On this basis, the aim of this study is to summarize current data on the prevalence of
MDR/MDRO Enterobacterales in companion animal practice and to identify key risk factors and
areas for prevention, in particular through increased microbiological monitoring and infection
control measures in veterinary hospitals (Karalliu, 2024; Monteiro, 2025).

The aim of the study was to assess the structure of clinically significant isolates of the
Enterobacteriaceae family and the proportion of multidrug-resistant (MDR) strains in dogs and
cats with clinical signs of infections of bacterial etiology in veterinary clinics in Kyiv in 2022-2025.

Materials and methods. The study was conducted in 2022—-2025 in veterinary clinics in
Kyiv, included dogs and cats with clinical signs of bacterial infections. Biological material was
collected during routine diagnostic procedures after obtaining informed consent from the animal
owners. A total of 63 clinical samples (n=63) were collected, including 17 fecal samples (n=17)
and 46 samples from purulent-inflammatory wounds (n=46). The laboratory stage was carried out
at the Department of Veterinary Epidemiology and Animal Health of the National University of Life
and Environmental Sciences of Ukraine, using the material and technical resources of the
Laboratory of Molecular Virology and Medical Microbiology with the Museum of Microorganisms
Pathogenic to Humans of the State Institution “L.V. Gromashevsky Institute of Epidemiology and
Infectious Diseases of the National Academy of Medical Sciences of Ukraine.”

Material from purulent-inflammatory wounds was collected with sterile swabs after
preliminary cleaning of the wound surface with sterile saline solution (0.9% NacCl) to remove
necrotic masses and surface exudate. The sampling was performed from the depth of the wound
or from the area of active inflammation in order to obtain a clinically significant isolate. Fecal
samples were collected in sterile containers in accordance with standard aseptic rules. The
collected material was transported to the laboratory in thermal containers with cooling elements
at a temperature of 2-8 °C, while maintaining the cold chain. Immediately after collection, swabs
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with wound material were placed in Amies transport medium (AMIES), which ensures the viability
of Gram-negative bacteria during transport.

The initial bacteriological examination included cultivation of clinical material on selective
and differential diagnostic medium recommended for the isolation of enterobacteria. For this
purpose, MacConkey agar was used to assess lactose fermentation and Endo medium to
differentiate between lactose-positive and lactose-negative colonies. If necessary, meat peptone
agar (MPA) was used to obtain isolated colonies. The cultures were incubated under aerobic
conditions at 35-37 °C for 18-24 hours. After incubation, the growth and morphological
characteristics of the colonies (size, shape, edges, surface, pigmentation) were evaluated, as well
as the nature of growth on MacConkey agar. Biochemical identification of the isolated cultures
was performed using standard tests that allow differentiation between members of the
Enterobacteriaceae family. The results of the reactions were recorded after incubation at 35-37
°C in accordance with the manufacturer's instructions and generally accepted microbiological
reference books.

The sensitivity of isolates to antimicrobial drugs was determined by the disc diffusion
method (Kirby—Bauer) with interpretation of the results in accordance with EUCAST
recommendations. The panel of tested drugs included B-lactams (ampicillin, amoxicillin/clavulanic
acid), third-generation cephalosporins (cefotaxime, ceftriaxone, or ceftazidime), fluoroquinolones
(enrofloxacin, marbofloxacin), aminoglycosides (gentamicin, amikacin), tetracycline, and co-
trimoxazole. Phenotypic detection of extended-spectrum B-lactamases (ESBL) was performed
using the double disc synergy test (DDST). Multidrug resistance (MDR) was defined as the
insensitivity of an isolate to at least one antimicrobial agent in three or more classes of
antimicrobial agents. The results of the study were summarized descriptively in the form of
absolute (n) and relative (%) indicators, followed by presentation in tables.

Results. The data obtained indicate that in the conditions of veterinary practice in Kyiv in
2022-2025, Escherichia coli (44/63; 69.8%) dominated among the isolated representatives of the
Enterobacteriaceae family, while the proportion of Klebsiella spp. was 19/63 (30.2%). This
structure of isolates is expected for clinical material from small domestic animals, since E. coli is
widely represented in the intestinal microbiota and is opportunistic (Formenti, 2021; Monteiro,
2025).

The detection of Klebsiella spp. as the second most frequent group is also clinically
significant, as representatives of this genus are often associated with clinically associated
infections and are capable of accumulating resistance factors, which complicates treatment
(Menezes, 2024; Monteiro, 2025).

The multidrug resistance (MDR) rate of 15/63 (23.8%) reflects the presence of a significant
proportion of isolates for which the choice of antimicrobial drugs is potentially narrowed. For
veterinary practice, this means an increased risk of ineffective therapy and the need to focus on
laboratory diagnostic results, and also highlights the importance of rational prescribing of
antimicrobial agents at the clinic level (Karalliu, 2024; Monteiro, 2025). Given that the study
covered material from animals with clinical signs of bacterial infection, the recorded proportion of
MDR may reflect the cumulative effect of previous antibiotic use, duration, or recurrence of
infection, and possible factors related to the animal's admission to the clinic (Dazio, 2021b; Ortiz-
Diez, 2023).

An important factor in interpretation is the structure of the biomaterial: swabs from
purulent-inflammatory wounds predominated in the sample (46/63; 73.0%), while fecal samples
accounted for 17/63 (27.0%). Skin and soft tissue infections, especially chronic or complicated
ones, are often accompanied by mixed infection, surface contamination, and the formation of
microbial communities, which can support the persistence of pathogens and increase the
likelihood of detecting strains with acquired resistance (Monteiro, 2025).

These findings are of practical significance in the context of the One Health concept, since
companion animals can act as reservoirs and epidemiological “bridges” facilitating the circulation
of resistant Enterobacterales between households and veterinary clinics (Walther, 2023;
Hackmann, 2024; Menezes, 2024). This reinforces the argument for systematic control in
veterinary clinics: hand hygiene, routine disinfection of surfaces and instruments, separation of
patient flows, proper handling pathogenic material ( Schmidt, 2020; Dazio, 2021b; Monteiro,
2025).
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The limitations of the study include the local nature of the sample , the moderate volume
and uneven distribution of material types, which may affect the generalisation of results to other
regions and other categories of patients. In addition, the lack of a detailed analysis of sensitivity
profiles for each drug for all isolates limits the ability to detail practical recommendations for the
choice of therapy; However, even under these conditions, the established proportion of MDR
emphasizes the need for further studies with broader coverage and standardized data collection
on antimicrobial susceptibility and resistance mechanisms (Karalliu, 2024; Menezes, 2024;
Monteiro, 2025).

Conclusions. Escherichia coli dominated among the isolated enterobacteria — 44/63
(69.8%), while Klebsiella spp. accounted for 19/63 (30.2%), which characterizes the local
microbiological profile of Enterobacteriaceae in clinical cases of bacterial infections in the city.

Multidrug resistance (MDR) was detected in 15/63 (23.8%) isolates, i.e., in almost every
fourth case, which emphasizes the presence in practice of a significant proportion of strains with
a potentially limited choice of antimicrobial agents. The recorded proportion of MDR indicates an
increased risk of ineffective empirical antibiotic therapy and justifies the need for wider use of
bacteriological testing and susceptibility testing for clinically significant cases, particularly in
purulent-inflammatory lesions of the skin and soft tissues.

The results obtained indicate the importance of a systematic approach to combating AMR
in veterinary institutions, which should include the rational use of antimicrobial drugs.
Standardization of infection control measures (hand hygiene, disinfection, proper handling of
wound material and excreta).

Further research should focus on expanding the sample (other cities/regions), balancing
the structure of the material, and supplementing phenotypic screening (in particular ESBL) with
molecular methods to clarify the mechanisms of resistance and assess possible routes of spread
within the One Health approach.
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2 — HauioHanbHMM yHiBepcuTeT biopecypciB i npupogokopnuctyBaHHA YKpaiHu, M. KniB,
YKpaiHa

Pe3rome. AHMuUMIKpobHa pe3ucmeHmHicmb y meapUuH-KOMNaHbUOHI6 Mae 3pocmaroye 3Ha4YeHHs
8 Mexax nioxody One Health yepe3 micHul koHmakm sirodel i doMaluHix meapuH ma pusuk
UUPKYayii Mynbmupe3ucmeHmHux 36y0HuUKie y domozocrodapcmeax i 6emepuHapHUX KiliHIKax.
Memoro 0docnidxeHHs 6yro ouiHUMU CMPYyKmMypy KiHIYHO 3Ha4dyuwux i3onsamie poduHuU
Enterobacteriaceae ma yacmky mynbmupesucmeHmuux (MDR) wmawmie y cobak i komig i3
KMiHIYHUMU O3HakKamu iHgbekuiti bakmepianbHOi emiosioaii y eemepuHapHux KiiHikax m. Kuig y
2022-2025 pp. [locnidxxeHHs1 BUKOHaHO Ik OOHOMOMEHmHe obcepesauitiHe. BidibpaHo 63 KriiHidHi
3pasku (n=63): cpekanii — 17 (27,0%) ma masku 3 eHiliHo-3ananbHUx paH — 46 (73,0%). Spasku
mpaHcrnopmysanu rpu +2...+8 °C; paHosul mamepian 8idbupanu cmepunbHUMU maMrioHaMmu 3
2nubUHU/BINSHKU akmueHOo20 3anasieHHs ma rnomiwanu e mpaHcriopmHe cepedosuwie Amies
(AMIES). KynbsmusysaHHsi npogodurnu Ha az2api MakKoHki ma cepedosuwii EHOO 3 iHKybaui€to
35-37 °C npomsicom 18-24 200; ideHmudabikauito 3diticHro8anu cmaHoapmHumMu GioxXiMiYHUMU
mecmamu. Yymnugicme 00 aHmMuMikpobHUX ripernapamis susHadanu memodom Kirby—Bauer Ha
azapi Mwonnepa—liHmoHa 3 iHmepnpemauieto 3a EUCAST; ESBL susensnu memodom DDST.
MDR eusHayvanu sk Hedymirugicme woHaliMeHwe 0o 0dHo20 npernapamy e mpbox abo binbuwe
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knacax. [aHi y3azanbHioganu onucogo (n, %). Y pesynbmami domiHyrodum izonssmom byna
Escherichia coli — 44/63 (69,8%), modi sik Klebsiella spp. cmaHosuna 19/63 (30,2%). MDR
gusienieHo y 15/63 isonamie (23,8%), mobmo Mmalxe KOxeH 4Yemeepmul i30715m
Xapakmepu3sygascsi Myribmupe3ucmeHmHicmio.
Y eemepuHapHux KriHikax M. Kuie y 2023-2025 pp. ceped KhiHiYHUX i30515mie
Enterobacteriaceae nepeeaxana E. coli, a yacmka MDR cmaHosuna 23,8%. Pe3ynsmamu
niomeepOxytoms rompeby 8 peayrnsipHOMY J10KallbHOMY MIiKpo6iofi02i4HOMY MOHIMOpPUHaY,
MOCUSIEHHI IHGPEKUIIHO20 KOHMPOJI0 ma pauyioHarbHOMY 3acmocyeaHHi aHmUuMIKpOBHUX
npenapamie y npakmuui rikygsaHHs1 meapuH-KoMraHbUOHI8.
Knro4oBi cnoBa: aHTUMiKpoOHa pe3nCTEHTHICTb, MYNbTUPE3NCTEHTHICTb, Enterobacteriaceae,
Escherichia coli, Klebsiella spp., TBapMHM-KOMNaHbMOHW, BETEPUHApPHI KriHikn, One Health.

DOI: 10.31073/onehealthjournal2026-111-01
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PCR-based detection of Erysipelothrix rhusiopathiae using EvaGreen real-time PCR assay
Gerilovych A."2 (ORCID: 0000-0002-3280-4172), Korovin L." 3, Vashchyk Ye.3

1 — PSI One Health Scientific and Research Institute, Kharkiv, Ukraine

2 — Institute for Problems of Cryobiology and Cryomedicine of NAS of Ukraine, Kharkiv,
Ukraine

3 — National Scientific Center «Institute of Experimental and Clinical Veterinary Medicine»,
Kharkiv, Ukraine, email: korovin.vetbio@gmail.com

Abstract. The present study aimed to develop and evaluate an EvaGreen real-time PCR assay
for rapid, sensitive, and specific detection of Erysipelothrix rhusiopathiae, the causative agent of
swine erysipelas and an important zoonotic pathogen.

Species-specific primers targeting the spaA gene of E. rhusiopathiae were used for amplification
on the iTower real-time PCR platform (Jena Analytik, Germany). Reaction conditions were
optimized using EvaGreen fluorescent chemistry. Analytical sensitivity was determined using ten-
fold serial dilutions of purified genomic DNA, while specificity was evaluated against non-target
bacterial species commonly associated with swine infections. Clinical samples obtained from pigs
with suspected erysipelas, including tonsils, spleen, lymph nodes, heart valves, blood, and
synovial fluid, were tested to assess diagnostic applicability.

The developed assay successfully detected E. rhusiopathiae DNA in all positive controls and field-
positive samples. The limit of detection was established at 10 fg/uL. Standard curve analysis
demonstrated excellent linearity (R? = 0.998) and high amplification efficiency (98.4%). No
amplification was observed with non-target bacterial DNA, confirming high analytical specificity.
All positive samples produced a single characteristic melting peak at 81.7 £+ 0.3°C, indicating
specific amplification. Among 48 field specimens, 19 samples (39.6%) tested positive, with the
highest detection rates observed in tonsillar and splenic tissues. Intra- and inter-assay variation
remained below 3%, confirming strong repeatability and reproducibility.

The EvaGreen real-time PCR assay is a rapid, reliable, and cost-effective molecular method for
detection of E. rhusiopathiae. Its high sensitivity, specificity, and robust performance make it
suitable for routine veterinary diagnostics, outbreak investigations, and epidemiological
surveillance of swine erysipelas. The assay may serve as an effective alternative to probe-based
real-time PCR systems, particularly in laboratories with limited resources.

Keywords: Erysipelothrix rhusiopathiae; swine erysipelas; EvaGreen; real-time PCR; molecular
diagnostics; spaA gene.

Erysipelothrix rhusiopathiae is a Gram-positive, non-spore-forming, facultatively intracellular
bacterium with worldwide distribution and substantial veterinary as well as zoonotic importance.
It is recognized as the principal causative agent of erysipelas in swine, a disease characterized
by acute septicemia, urticarial cutaneous lesions (“diamond skin disease”), chronic arthritis, and
endocarditis, resulting in considerable economic losses to the pig industry through mortality,
reduced productivity, and carcass condemnation (Wood, 1999; Opriessnig, 2011). In addition to
swine, the pathogen has been isolated from poultry, sheep, fish, reptiles, and numerous wildlife
species, demonstrating a broad host spectrum and ecological adaptability (Brooke, 1999, Zhao,
2023).

Beyond its veterinary relevance, E. rhusiopathiae is an established zoonotic pathogen capable of
causing localized erysipeloid, generalized cutaneous infection, and occasionally severe systemic
disease such as septicemia or infective endocarditis in humans. Occupational exposure remains
the principal risk factor, particularly among farmers, butchers, veterinarians, fishermen, and
abattoir workers who frequently handle infected animals or contaminated animal products (Wang,
2010; Milton, 2025; Rajkhowa, 2023). The One Health significance of the organism is therefore
increasingly recognized, linking animal health, food safety, occupational medicine, and
environmental hygiene.

The epidemiology of E. rhusiopathiae is further complicated by its ability to persist in
asymptomatic carrier animals and survive for prolonged periods in the environment. Clinically
healthy pigs may harbor the bacterium in tonsillar tissues and shed the organism intermittently,
serving as a continuous source of infection within herds (Wood, 1999). Environmental persistence
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in soil, slurry, and organic matter enhances indirect transmission and contributes to recurrent
outbreaks, especially under conditions of inadequate sanitation, stress, overcrowding, or
concurrent infections (Opriessnig, 2011).

Traditional laboratory diagnosis is based on bacterial isolation, microscopic examination,
biochemical characterization, and serological methods. However, culture-based identification
may be hindered by slow growth, overgrowth by contaminating flora, prior antimicrobial treatment,
or low bacterial concentration in samples. These limitations can delay diagnosis and compromise
timely disease control measures (Makino, 1994).

Molecular diagnostic approaches, particularly polymerase chain reaction (PCR), have markedly
improved the detection of E. rhusiopathiae by providing rapid, sensitive, and highly specific
identification directly from clinical specimens. PCR assays targeting genes such as 16S rRNA,
spaA, and other species-specific markers are widely used for confirmation of infection,
differentiation from related bacteria, and epidemiological investigations (Makino, 1994; Pal, 2010;
Nishikawa, 2022). Real-time PCR platforms further enhance diagnostic efficiency by enabling
quantitative detection, reduced contamination risk, and high-throughput screening suitable for
veterinary surveillance programs.

Considering the continuing economic burden of erysipelas, the zoonotic potential of the pathogen,
and the necessity for rapid outbreak response, PCR-based methods have become indispensable
tools in modern veterinary diagnostics. Therefore, the application and optimization of PCR for
detection of E. rhusiopathiae remain highly relevant for disease monitoring, herd health
management, and integrated One Health biosecurity strategies.

Therefore, the aim of this study was to develop and validate a real-time PCR assay
based on EvaGreen chemistry using the iTOWER platform (Jena Analytik) for the detection of E.
rhusiopathiae DNA targeting the spaA gene. The proposed method is intended to improve
diagnostic efficiency and support integrated disease monitoring within the One Health framework.

Materials and Methods. The study was conducted to develop and evaluate a real-time
PCR assay for the detection of Erysipelothrix rhusiopathiae using EvaGreen fluorescent
chemistry. Reference strains of E. rhusiopathiae obtained from a certified microbial collection
were used as positive controls. To assess analytical specificity, non-target bacterial species
commonly associated with swine infections or capable of causing similar clinical manifestations
were included, such as Streptococcus suis, Staphylococcus aureus, Escherichia coli, Pasteurella
multocida, and Trueperella pyogenes.

Clinical samples were collected from pigs showing signs consistent with swine erysipelas,
including fever, skin lesions, lameness, arthritis, and sudden death. Specimens included tonsils,
spleen, liver, heart valves, lymph nodes, synovial fluid, and blood. Tissue samples were collected
aseptically during necropsy and transported to the laboratory under refrigerated conditions (4°C)
for further processing.

Sample preparation and DNA extraction. Approximately 25 mg of tissue was homogenized
in sterile phosphate-buffered saline using disposable homogenizers. Blood and synovial fluid
samples were vortexed thoroughly before extraction. Genomic DNA was extracted using a
commercial silica membrane-based purification kit according to the manufacturer’s instructions.
DNA was eluted in 100 pL of nuclease-free water and stored at —20°C until analysis.

DNA concentration and purity were measured spectrophotometrically at 260/280 nm. Only
samples with acceptable purity ratios (1.7-2.0) were included for PCR testing.

Primer design. Species-specific primers were selected from conserved regions of the
spaA gene encoding surface protective antigen A, commonly associated with virulent strains of
E. rhusiopathiae. Primer sequences were analyzed for specificity using nucleotide database
alignment tools and synthesized commercially.

Table 1
Primer set for E. rhusiopathiae target gene sequence amplifcation
Primer Sequence (5'-3') Target Gene
ERH-F AGT TTACGC TGATGAAGG TG spaA
ERH-R TCAATCCTT GCATTT CCAGC spaA

Expected amplicon size by using of selected primers was 128 bp.
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Real-time PCR assay. Amplification was performed using an iTower real-time PCR system

(Jena Analytik, Germany) in a final reaction volume of 20 pyL containing:
— 10 uL 2x EvaGreen gPCR Master Mix
— 0.4 uM forward primer

0.4 uM reverse primer

2 uL template DNA
— nuclease-free water to final volume

Thermal cycling conditions were as follows:

Initial denaturation: 95°C for 5 min, and 40 cycles of denaturation: 95°C for
15 s, annealing: 58°C for 20 s and extension: 72°C for 20 s

Fluorescence acquisition was performed at the end of each extension step.

Melting curve analysis. Following amplification, melt curve analysis was carried out from
65°C to 95°C with increments of 0.2°C every 5 s to verify product specificity. A single sharp
melting peak was interpreted as specific amplification of the target fragment.

Analytical sensitivity. To determine the limit of detection (LOD), ten-fold serial dilutions of
purified E. rhusiopathiae DNA were prepared from 10 ng/uL to 1 fg/uL. Each dilution was tested
in triplicate. The lowest concentration consistently detected in all replicates was considered the
analytical detection limit.

Analytical specificity. DNA extracted from non-target bacterial species was tested under
identical reaction conditions to evaluate cross-reactivity. Absence of amplification or non-specific
melt peaks was interpreted as assay specificity.

Standard curve and PCR efficiency. A standard curve was generated using serial DNA
dilutions by plotting threshold cycle (Ct) values against the logarithm of DNA concentration.
Amplification efficiency (E) was calculated using the formula:

E = (1071/slore — 1) x 100%

The correlation coefficient (R?) was used to assess linearity of amplification.

Repeatability and reproducibility. Intra-assay repeatability was determined by testing three
DNA concentrations in triplicate within a single run. Inter-assay reproducibility was evaluated by
repeating experiments on three separate days. Mean Ct values, standard deviations, and
coefficients of variation were calculated.

Data interpretation. Samples with Ct values <35 and a specific melting temperature
corresponding to the positive control were considered positive. Samples with Ct values >35 were
retested. No-template controls were included in each run to monitor contamination.

Statistical analysis. Descriptive statistics, regression analysis, and calculation of mean Ct
values were performed using Microsoft Excel and statistical software. Differences were
considered significant at p < 0.05 where applicable.

Results. Performance of the EvaGreen real-Time PCR assay. The developed EvaGreen
real-time PCR assay successfully detected Erysipelothrix rhusiopathiae DNA in all positive control
samples and in clinically suspected field specimens containing the target organism. Amplification
curves demonstrated typical sigmoidal kinetics with clear fluorescence separation from the
baseline and no signal in no-template controls.

The assay generated reproducible amplification over a wide dynamic range of DNA
concentrations. Positive reactions were consistently observed from 10 ng/uL to the lowest
detectable dilution, indicating high analytical sensitivity.

Analytical sensitivity and standard curve analysis. Ten-fold serial dilutions of purified E.
rhusiopathiae DNA were used to determine the analytical sensitivity and amplification efficiency.
The assay consistently detected target DNA down to 10 fg/uL, which was established as the limit
of detection (LOD). At concentrations below this level, amplification became inconsistent and Ct
values were highly variable.

A linear relationship was observed between Ct values and logarithmic DNA concentration across
six dilution points. Standard curve analysis demonstrated excellent linearity with a correlation
coefficient of R? = 0.998, indicating reliable quantitative performance. The slope of the standard
curve was —3.36, corresponding to a PCR efficiency of 98,4 % (table 2).

E = (107Y/(=336) — 1) x 100% = 98.4%
These values indicate optimal amplification characteristics for diagnostic real-time PCR.
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Table 2
Analytical sensitivity and standard curve parameters

Parameter Value

Dynamic range 10 ng/pL — 10 fg/uL

Limit of detection (LOD) 10 fg/pL

Slope -3.36

Efficiency (E%) 98.4%

Correlation coefficient (R?) 0.998

Specificity of the assay. No amplification signals were observed from DNA extracted from
non-target bacterial species including Streptococcus suis, Staphylococcus aureus, Escherichia
coli, Pasteurella multocida, and Trueperella pyogenes. These findings confirmed high analytical
specificity of the primer pair and absence of cross-reactivity under optimized reaction conditions.

Melting curve analysis. All positive E. rhusiopathiae samples produced a single sharp
melting peak at 81.7 + 0.3°C, confirming specific amplification of the intended amplicon. No
secondary peaks, primer-dimer signals, or abnormal melting profiles were detected.

Detection in clinical samples.A total of 48 field samples from pigs with suspected
erysipelas were examined. Of these, 19 samples (39.6%) were positive by EvaGreen real-time
PCR. Positive detections were most frequent in tonsils, spleen, lymph nodes, and heart valve
tissues. Blood samples showed lower positivity rates, particularly in animals sampled after
antimicrobial treatment (table 3).

Table 3.
Detection of E. rhusiopathiae in field specimens
Sample type Number testedPositive|Positivity (%)
Tonsils 12 7 58.3
Spleen 8 4 50.0
Lymph nodes 7 3 42.9
Heart valves 5 2 40.0
Blood 10 2 20.0
Synovial fluid 6 1 16.7
Total 48 19 39.6

Repeatability and reproducibility. The assay showed strong repeatability with intra-assay
coefficient of variation (CV) values ranging from 0.8% to 1.9%. Inter-assay reproducibility across
three independent runs demonstrated CV values between 1.4% and 2.7%, indicating robust
assay stability.

Overall diagnostic utility. The EvaGreen real-time PCR assay provided rapid detection of
E. rhusiopathiae within approximately 70 minutes, including amplification and melt curve analysis.
The combination of high sensitivity, excellent specificity, and reproducible performance supports
its suitability for routine veterinary diagnostics, outbreak investigations, and surveillance of swine
erysipelas.

Conclusions. The developed EvaGreen real-time PCR assay proved to be a rapid, sensitive,
and specific method for the detection of Erysipelothrix rhusiopathiae. The assay reliably identified
target DNA over a broad dynamic range and demonstrated excellent analytical performance,
including a low detection limit, high amplification efficiency, and strong linearity of the standard
curve.

Melting curve analysis confirmed the specificity of amplification by producing a single
characteristic melting peak for positive samples, while no cross-reactivity was observed with non-
target bacterial species commonly associated with swine infections. These findings indicate that
the selected primers and optimized reaction conditions are suitable for accurate laboratory
diagnosis.

Application of the assay to clinical field samples enabled efficient identification of infected animals,
with the highest detection rates observed in tonsils and internal organs, supporting the known role
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of carrier pigs and systemic dissemination during disease. The method also showed high
repeatability and reproducibility, confirming its robustness for routine diagnostic use.
Overall, the EvaGreen real-time PCR assay represents a practical and cost-effective molecular
tool for veterinary laboratories, particularly where probe-based systems are less accessible. Its
implementation can significantly improve early diagnosis, outbreak response, epidemiological
surveillance, and biosecurity management of swine erysipelas. Further validation using larger
sample sets and comparison with bacteriological culture methods would strengthen its application
in national monitoring programs and integrated One Health disease control strategies.
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Pe3rome. Memorw daHozo docridxxeHHsT 6yno po3pobrieHHs ma ouiHka memody [JIP y
pearnibHOMYy Yaci 3 sukopucmaHHsaM EvaGreen dns weudkozo, 4ymugo2o ma crieyughiyHo2o
eusierieHHs1 Erysipelothrix rhusiopathiae, 36yOHuka 6ewuxu ceuHel ma 8axriugo20
300HO3HO20 M1amozeHy.
Hns amnnipikayii Ha nnamegopmi NJIP y peansHomy yaci iTower (Jena Analytik, Himey4uHa)
sukopucmosysarnu gudocrieyuiyHi npalimepu, crpsimosaHi Ha eeH spaA E. rhusiopathiae.
Ymosu peakuii 6ynu onmumizoeaHi 3 8UKOpUCMaHHSM @briyopecuyeHmHo20 b6ap8HuUKa
EvaGreen. AHanimuyHy dymrugicmb 6u3Hayasu 3a 00rnoMo20ot0  decsimuKpamHux
rnocnidogHux po3sedeHrb oquueHoi eeHomHoi [JHK, modi sik cneuugbiyHicmb ouiHosanu w000
Heuinbosux sudie bakmepill, sKi 3a3eudali 3yMoesooms iHghekuii y cauHel. KniHidHi 3pa3ku,
ompumaHi 8i0 ceuHel 3 nido3poro Ha bewuxy, 6KmYandYu muadasnuKku, CeresiHKy,
JniimMbamudHi 8y3nu, cepuesi KnanaHu, Kpoe ma cuHosiasnbHy piOuHy, 6ynu npomecmosaHi
0J15 OUIHKU Oia2HOCMUYHOI 3aCmMoCO8HOCMI.
Pospobneruti mecm ycniwHo susisug [JHK E. rhusiopathiae y ecix no3umueHUX KOHMPOJISX
ma nonbosuUX MO3UMUEHUX 3paskax. Mexa eusieneHHs 6yrna ecmaHoesieHa Ha pieHi 10
e/MKn. AHaris cmaHOapmHOI Kpueoi npodemoHcmpysaes Yyydoey niHitiHicms (R? = 0,998) ma
8UCOKY ecbekmueHicmb amnnichikauii (98,4%). Amnnicbikauii He criocmepieanocs 3 OJHK
Heuinbosux bakmepit, wo nidmeepdusio 8UCOKY aHanimuyHy creyugiyHicms. Yci no3umueHi
3pasku dasiu 00UH xapakmepHul ik nnasneHHs npu 81,7 + 0,3 °C, wo ekasye Ha crneyuidyHy
amnnicpikayito. Ceped 48 nonbosux 3paskie 19 (39,6 %) danu nosumueHul pe3yrnbmam,
rnpudomy Haleulwli MOKa3HUKU BUSIBIIEHHSI criocmepieanucs y mkaHuHax muzadarnukie ma
cenesiHku. BHympiwHbO- ma Mixmecmoea eapiauisd 3anuwanacsi Huxde 3 %, wo
niémeepdxye sUCOKY MosmoprogaHicmb ma 8idmeoprosaHicme.
AHaniz EvaGreen y pexumi peanbHO20 4Yacy € WeuOKuM, HaliliHUM ma €eKOHOMIYHO
ehekmusHUM MonekynspHuM Memodom eusisneHHs E. rhusiopathiae. Wozo eucoka
yymuugicmsb, crieyugiyHicmb ma HadiliHicmb pobrniamb (o2o ripudamHumM Ors pymuHHOI
eemepuHapHoI OiaezHOCMUKU, po3cridyeaHHs crianaxie ma enidemionozidyHo2o Haansdy 3a
epusenesioro ceuHeld. Llel aHasiz Moxe cryaysamu egheKkmueHOK allbmepHamugoo
cucmemam [JIP y pexumi peanbHO20 Yacy Ha ocHo8i 30Hdie, ocobriugo 8 nabopamopisx 3
obmexeHUMU pecypcamul.
KnwuoBi cnoBa: Erysipelothrix rhusiopathiae; Gewwunxa csuHewn; EvaGreen; TP vy
peanbHOMY Yaci; MoneKynspHa aiarHocTuka; reH spaA.
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Monitoring of radiation contamination of wild mushrooms in the Polissia region
Kochetova H. (ORCID: 0000-0003-3234-1355), Prokopenko T. (ORCID: 0000-0003-
3234-1355), Gusak L. (ORCID: 0000-0001-7570-2574), Molodyk A. (ORCID: 0009-
0003-9719-5560)

State Scientific and Research Institute for Laboratory Diagnostics and Veterinary
and Sanitary Expertise, Kyiv, Ukraine, email: kochetovag@ukr.net

Abstract. Radiological control plays a key role in ensuring the safety of food products,
especially freshly picked wild mushrooms, which actively absorb radioactive elements, in
particular Cesium-137 and Strontium-90. Because of this ability, mushrooms can pose a
significant threat if radiation contamination levels are not properly controlled. Scientific
studies show that the ecological features of Polissia, in particular the sandy soils of this
region, contribute to the accumulation of radionuclides in the upper layers of the earth.
The natural migration of such pollutants leads to their concentration in wild mushrooms.
Mechanisms of migration and accumulation of radionuclides are complex processes that
depend on many factors. Among them, the most important are the type of soil, climatic
conditions of the territory, reclamation measures, methods of land use, as well as the
biological specificity of vegetation. At the same time, the situation is aggravated by
modern socio-ecological challenges, such as military actions and mass fires. These
phenomena disturb the upper layers of the soil, causing the release of previously bound
radionuclides from contaminated areas, in particular those affected by the accident at the
Chernobyl nuclear power plant. Radioactive dust and ash rise into the air and are carried
over considerable distances, settling even in regions that were previously considered
ecologically clean. This creates an additional threat to the safety of food products and
forest resources in "clean" zones. In response to these challenges, Ukraine introduced a
food safety control system designed to reduce the impact of radiation on the population.
Ilts key component has become regular radiological monitoring of food products, which
allows for prompt assessment of the level of radiation contamination and timely response
to potential risks. In addition, radiological control performs an important function of raising
public awareness and ensuring environmental and industrial safety.

Keywords: radiological control, fresh wild mushrooms, Cesium-137, Strontium-90,
radiation load, environment, accumulation.

Even decades after the accident at the Chernobyl nuclear power plant, the issue
of radiological control of food products of plant and animal origin remains extremely
relevant and important both for science and for practical activities. Since radioactive
pollution of the environment remains one of the biggest environmental hazards, because
its consequences can affect not only the environment but also human health for a long
time.

According to statistical data, two artificial radionuclides — Cesium-137 and
Strontium-90 — stand out among the most dangerous sources of biosphere pollution,
including food products. The harmful effect of which is primarily caused by a long half-
life: for Cesium-137 it is 30 years, and for Strontium-90 it is 29 years. Therefore, the
research conducted in this field will continue to be relevant because it has practical and
scientific value and is aimed at protecting the population from the consequences of
radioactive pollution. In particular, systematic monitoring of food products, especially
products of forest origin, is a key measure to reduce the level of radiation exposure to

I One Health Journal. 2026. Vol. 4. N. 3 I
17



Section 2

humans, as it prevents food products from entering the market that do not meet safety
standards (Gudkov, 2012; Zdrojewicz, 2016; Kashparov, 2019; Malimon, 2023).

Considering all of the above, the goal of our research was to establish the current
state of safety of fresh wild mushrooms, regarding the content of Cesium-137 and
Strontium-90 radionuclides collected on the territory of the Polissia region in the context
of food safety. Because it is scientifically stated that the unique ecosystem of Polissia
contributes to the accumulation of radionuclides in plants, primarily Cesium-137, by their
migration from the soil. For example, soils are able to retain up to 87% of the radionuclide
Cesium-137, and shrubs, herbaceous plants, and mushrooms are able to accumulate
almost 90% of radionuclides (Dutov, 2015; Jeskovsky, 2019; Kotelevych, 2019).

Materials and methods. Radiological control of forest food products was carried
out by the method of spectrometric analysis. To determine the specific activity of
radionuclides, universal spectrometric complexes "Gamma-Plus" with "Progress"
software were used.

The obtained results were analyzed and systematized using generally accepted
statistical and analytical methods. All measurements and data are presented according
to International System of Units (SI) standards.

Results and their discussion. On the basis of the of the Research Radiology
Department of the State Scientific and Research Institute for Laboratory Diagnostics and
Veterinary and Sanitary Expertise, the results of research obtained with the participation
of regional state laboratories of the State Production and Consumer Service of Volyn,
Kyiv, Zhytomyr and Rivne regions were studied, systematized and analyzed.

It was established that despite the decades that have passed since the accident at
the Chernobyl NPP and the natural decay of radionuclides in the environment, wild
mushrooms continue to intensively absorb radionuclides from the soil as in previous
years, while remaining the main source of internal exposure of the population.

It is shown the regions in a section of regions in the territories of which exceeding
the permissible levels of the radionuclide Cesium-137 in samples of fresh wild
mushrooms was most often detected (Fig.1).

¢ Kamin-Kashir district
*Kovel district

Volyn region

*Narodytsky district
Zhytomyr region *Ovrutsky district
* Korostensky district

: . *Sarnensky district
Rivne region

* Vyshgorod district
Kyiv region * Buchansky district
* Brovary district

Fig.1. Territories where fresh wild mushrooms contaminated with radioactive
Cesium were most often found

It should be noted that the level of content of radionuclides in forest mushrooms
can vary significantly even in the territory of one district, depending on the specific place
of collection. Such differences are explained by the uneven fallout of radioactive fallout
after the Chernobyl disaster. As a result, mushrooms can be completely safe in one area,
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and the level of pollution can significantly exceed permissible levels in just half a
kilometer, such a phenomenon is called "spotted pollution" (Jeskovsky, 2019; Konoplev,
2020; Grodzynska, 2023). In addition, the highest concentration of radionuclides is
usually observed in lowlands, streams and places of water stagnation, where Cesium is
washed away with precipitation (Grodzynska, 2017; Kashparov, 2019; Holiaka, 2020).

It is shown the highest levels of contamination with the radionuclide Cesium-137
found in samples of fresh wild mushrooms collected on the territory of the Polissky region
in the period from 2020 to 2025 (Fig.2).

5930
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Fig. 2. The highest levels of Cesium-137 contamination were found in samples of
fresh wild mushrooms

During a detailed analysis of the obtained data, it was established that forest
mushrooms will continue to steadily accumulate significant concentrations of radiocesium
and remain "critical" food products, and the main dose-forming radionuclide that
significantly affects the formation of the dose of internal exposure of the population
remains Cesium-137.

As of 2025, the maximum recorded specific activity of radiocesium in fresh wild
mushrooms was 5930 Bqg/kg. These mushrooms were collected on the territory of the
Kyiv region. Other regions also show notable concentrations of radiocesium. Thus, in the
Volyn region, the radionuclide activity reached the level of 1,590 Bqg/kg, in Zhytomyr
region — 1,500 Bg/kg, and in the Rivne region — 3,800 Bq/kg.

The high content of radioactive cesium-137 in wild mushrooms has a scientific
explanation and is caused by a combination of various factors. First of all, cesium is able
to accumulate for a long time in the upper layer of soil humus, which creates favorable
conditions for its active assimilation by mycelium. This is especially characteristic of fungi
with a surface mycelium system, such as Polish mushroom, buttercups or bryophytes,
which effectively absorb the radionuclide (Russell, 2015; Ernst, 2022; Gabriel, 2023).

The biological mechanism of assimilation of Cesium isotopes by fungi is also
important. Its penetration occurs due to chemical similarity with potassium ions, which is
vital for their development. This similarity leads to the fact that radioactive Cesium is
absorbed by fungi as a substitute for a useful element. It should be noted that the
distribution of radioactive Cesium in the structure of the mushroom has its own
characteristics: in the cap, its concentration is usually 1.5-2 times higher than the content
in the stem. An additional danger is old, overripe mushrooms that accumulate much more
harmful substances, which makes them especially dangerous for consumption (Orita,
2018; Gupta, 2018; Romanchuk, 2019).

Exceeding the permissible levels of Strontium-90 in forest mushroom samples was
not detected. This is primarily due to the fact that strontium is a chemical analogue of
calcium, and most forest mushrooms have a low physiological need for calcium, so they
practically do not absorb this isotope from the soil. (Gupta, 2018; Kashparov, 2019;
Grodzinskaya, 2022).
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Also, the state of food safety, primarily of forest origin, is significantly affected by
modern environmental challenges, in particular, large-scale forest fires and damage to
the surface layers of the soil as a result of military operations. Such phenomena contribute
to the repeated release of radionuclides from the contaminated soil. During the burning
of wood and grass, radioactive particles, together with smoke and ash, can be carried by
the wind for tens of kilometres, settling on agricultural and forest vegetation in "clean"
territories and making them dangerous for consumption even in those regions that were
previously considered radiation-safe.

So, summarizing the obtained data, it should be noted that the specific activity of
the radionuclide Cesium-137 in fresh wild mushrooms collected on the territory of the
Polissia region in 2025 exceeds the permissible levels of Cesium-137 content (< 500
Bq/kg) established by the current Hygienic Standards in the Volyn Region in 3.2 times,
11.9 times in Kyiv region, 3.0 times in Zhytomyr region, and 7.6 times in Rivne region,
respectively.

Conclusions. It was established that fresh wild mushrooms collected in the Polish
region continue to be "critical" products from the point of view of radioactive
contamination. The level of cesium-137 contamination in such mushrooms exceeds the
permissible norms from 3 to almost 12 times. Therefore, it is recommended to carry out
mandatory, permanent radiological control of food products, in particular wild mushrooms,
in radiological laboratories in local markets or in the institutions of the State Production
and Consumer Service of Ukraine.
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KouyetoBa I.C. (ORCID: 0000-0003-3234-1355), lNpokoneHko T.0. (ORCID: 0000-
0003-3234-1355), Nycak J1.M. (ORCID: 0000-0001-7570-2574), Monoguk A.Il'. (ORCID:
0009-0003-9719-5560)

HepxaBHMM HayKOBO—AOCNiIAHUWA IHCTUTYT 3 nabopaToOpHOi pAiarHOCTUKM Ta
BeTepuHapHO—CaHiTapHoOI eKcnepTusm, M. KuiB, YKpaiHa, email:
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Pe3rome. PadionozaiyHuti KOHMporsib eidigpae Kio4dosy posib y 3abesriedyeHHi besrneku
xap4osux npodykmis, ocobnueo ceixo3zibpaHux Oukopocnux epubie, SKi aKmueHo
rnoanuHarome padioakmueHi efiemMeHmu, 30Kpema uesit-137 i cmpoHuit-90. Yepes uro
30amHicmb epubu MOXymb CmaHO8UMU 3Ha4yHy 3a2po3y, SKWO pieeHb padiayiliHo2o
3abpyOHEeHHs1 He KOHMPOJIK8aMuU HanexXHUM YUHOM.

Haykoei docnidxeHHs1 ceid4amb, W0 eKoroeaidyHi ocobniueocmi lNoniccs, 30Kpema niuiaHi
rPYHMU Ub020 pe2iOHy, Cripusitomb HaKoMuU4YeHH padioHyKIidig y 8epPXHIX wapax 3eMiii.
[MpupoOHa mMiecpauis makux 3abpydHrogadie npu3eodums 00 iX KOHUeHmpauii y
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oukopocnux epubax. MexaHiamu migpayii ma Hakornu4yeHHsi padioHyKridie € ckrnadHUMU
npouecamu, wo 3anexamse 8i0 6azambox YUHHUKIE. Ceped HUX HalisaxXnusiluumu € muri
rpyHmy,  KraiMamuyHi  ymMo8u  mepumopii,  mesniopamueHi  3axodu, mMemoou
3emMrieKkopucmyeaHHs, a makox bionoaiyHa crieyucgbika poCcrIUHHOCM.
BoodHouac cumyauis 3a2o0cmproembCsi Yepe3 cydacHi couiaribHO-eKO02i4HI 8UKITUKU,
maki Sk eiticbkosi Oii ma macosi rnoxexi. Lli aeuwa nopywyroms 8EpXHI wapu rpyHmy,
CMIPUYUHSIIOYU 8UBINbHEHHST paHiwe 38’a3aHux padioHyksidie i3 3abpyOHEeHUX 30H,
30Kkpema mux, Wwo nocmpaxdasu eHacnidok aeapii Ha YopHobunbcokiti AEC.
PadioakmueHut nun i nonin nididMarombscsl 8 rnoeimpsi ma rnepeHocsimbCcsi Ha 3HayHi
giOcmamHi, ocidaro4u Hasimb y pezioHax, SiKi 00 Ub020 88a)kasliCs €KO/102[HHO YUCMUMU.
Lle cmeoptoe 0odamkosy 3a2po3y 05151 be3rieku xap4yosux rnpodyKmig i 1icosux pecypcie
y "qucmux" 30Hax.
Y ei0nosiob Ha Ui 8UKIUKU & YKpaiHi 3anposadxeHO cucmeMy KOHMpOIo be3nexu
xap4o8ux rpodykmie, NOKIUKaHy 3MeHWuUmu ernnus padiauii Ha HaceneHHs. If kroyosum
KOMMOHEHMOM cmae pea2ynsipHuli padiono2idyHuli MOHIMOopUHa xap4yosux npodykmis, wo
00380s151€ OrepamueHO OuiH8amu pieeHb padiauitiHo2o 3abpyOHEHHS ma c80e4YacHO
peaaysamu Ha nomeHuiltHi pusuku. Kpim uboz2o, padionioc2iyHul KOHMPOJ/b BUKOHYE
gaxnusy @byHKUito nidsuweHHs1 obisHaHocmi epomadsiH ma 3abe3rneyeHHs1 €K0or02i4HOI
ma rpomMucriogoi besrneku.
Knio4yoBi cnoBa: papfionoriyHMin KOHTpPONb, Aukopocni rpubu ceixi, uesin-137,
CTpoHUin- 90, pagiauinHe HaBaHTaXXeHHSs, HABKOMULLIHE cepefoBULLEe, akyMynsuis
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A comprehensive assessment of the quality of raw cow’s milk based on somatic cell count
and the presence of mesophilic aerobic and facultative anaerobic microorganisms as
indicators of the safety and processing properties of raw milk
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State Scientific and Research Institute of Laboratory Diagnostics and Veterinary and
Sanitary Expertise, Kyiv, Ukraine, e-mail: tog.liya888@gmail.com

Abstract. This study conducted a comparative evaluation of methods for determining the somatic
cell count and the number of mesophilic aerobic and facultative anaerobic microorganisms
MAFAnM) in raw cow’s milk. The aim of the study was to establish the analytical agreement,
accuracy, and reproducibility of results obtained by different methods, as well as to justify the
feasibility of using the TEMPO® automated system as an alternative method for microbiological
control.

The study material consisted of 39 samples of raw cow’s milk collected in 2025 from clinically
healthy Black-and-White and Red dairy cows aged 4-8 years on private farms in various regions
of Ukraine. Somatic cell counts were determined using two microscopic methods in accordance
with the requirements of ISO 13366-1:2008: by counting cells in smears across fifty fields of view
and in ten parallel strips. The number of total aerobic bacteria was determined using two
independent methods: an automated fluorometric method using the TEMPO® system and a
reference method of deep plating on Plate Count Agar medium in accordance with ISO 4833-
1:2013.

Statistical analysis of the results was performed using Student’s paired t-test and Pearson’s
correlation analysis. It was found that the mean values of somatic cell counts obtained by different
methods were 301,795 and 294,641 cells/cm?® respectively, and for MAFAnNM—43,041 and
43,613 CFU/cm?® The calculated t-test values (t = 1.80 for somatic cells and t = —1.32 for
MAFAnM) did not exceed critical values (p > 0.05), indicating the absence of statistically
significant differences between the methods. The Pearson correlation coefficient was r = 1.0 for
somatic cells and r = 0.9996 for MAFAnNM (p < 0.05), indicating a strong direct linear relationship
and high consistency of results.

The research demonstrated that TEMPO® automated system provides results for the detection
of mesophilic aerobic and facultative anaerobic microorganisms (MAFAnM) in raw milk that are
statistically equivalent to the reference method, with high accuracy and reproducibility and
minimal human influence. The use of this system is recommended for implementation in
production laboratories as a rapid and reliable tool for monitoring the microbiological parameters
of raw milk.

Keywords: somatic cells, mesophilic aerobic and facultative anaerobic microorganisms
(MAFANnM), cow’s milk, species, automated TEMPO® method, correlation analysis, Student’s t-
test.

Cow's milk is one of the most valuable and nutritionally balanced foods in the human diet, as
it contains a wide range of nutrients essential for the body's normal functioning. It is characterized
by high nutritional and biological value due to its optimal combination of proteins, fats,
carbohydrates, minerals, and vitamins. Milk proteins consist of casein and whey proteins, which
are complete proteins containing all the essential amino acids necessary for the synthesis of body
tissues, with a digestibility of up to 95-98%. Milk fat is a source of energy and a carrier of fat-
soluble vitamins, while lactose meets the body’s energy needs and promotes better calcium
absorption (Vranjes, 2015; Mykhailiutenko, 2025).

Milk is particularly important as a source of minerals, specifically calcium and phosphorus,
which are present in an optimal ratio that supports the effective formation and maintenance of
bone tissue and teeth. The presence of vitamin D further enhances calcium absorption, which is
important for children during periods of rapid growth and for adults to help prevent osteoporosis.
In addition, milk contains B vitamins, which have a positive effect on nervous system function, as
well as potassium, which helps regulate water-salt balance and blood pressure (Li, 2025).
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The food industry makes extensive use of cow’s and goat’s milk, as well as dairy products
(hard and processed cheeses, butter, fermented milk products, etc.). Milk and dairy products are
an important part of the human diet (Sadvari, 2024).

The nutritional value of cow’s milk is also due to the presence of biologically active
components, such as enzymes, immunoglobulins, lysozyme, and lactoferrin, which play an
important role in building the body’s immune defenses and maintaining normal intestinal
microflora. As a result, milk helps increase the body’s resistance to infectious diseases (Miftari,
2026).

Cow's milk is an accessible source of energy and nutrients, making it particularly important
in the diets of children, adolescents, individuals with high physical activity levels, and the elderly.
At the same time, individual physiological characteristics should be taken into account, as some
people may have lactose intolerance or allergic reactions to milk proteins. Thus, when consumed
in moderation, cow’s milk is an important component of a balanced diet and contributes to
maintaining good health (Zhao, 2025).

The dairy industry in Ukraine is of great economic importance, as it provides the population
with essential food products of high nutritional value. The growing demand for dairy products in
Ukraine is confirmed by statistical data, which indicates stable consumption of milk and dairy
products. This demonstrates the continued importance of dairy products in the diet of citizens,
which in turn stimulates the development of the dairy industry, as well as milk production and
processing. The high quality of milk and dairy products directly impacts the industry’s profitability
and its competitiveness in domestic and international markets (Yang, 2025; Curci, 2025).

The primary goal of dairy farms is to provide environmental conditions that meet the needs
of the breed being raised in order to support profitable and sustainable production. Given that
cattle productivity is the result of a complex interaction between genotype and environmental
conditions, it is crucial to provide appropriate environmental conditions to enhance productivity.
Sustainable and profitable production depends on the number of calves born per year and optimal
milk yield from each cow. Around the world, breeding research on dairy cows has focused
primarily on increasing milk yield for many years. However, most researchers note that increased
milk yield has a negative impact on the fertility of dairy cows. Additionally, the elevated metabolic
rate in high-producing cows tends to negatively affect their metabolic status. A fast metabolism
can lead to an imbalance in energy and nutrients (Ermetin, 2025; Nuzzi, 2026).

Because milk production is the primary source of income for dairy farms, it is important to
consider factors that can directly affect milk production, such as mastitis. Mastitis is the most
common disease of the mammary gland in cattle, goats, sheep, and other animals (Nagy, 2025).

Mastitis is an inflammatory disease of the mammary gland in animals, usually caused by
a bacterial infection, although other causes (trauma, stress, poor hygiene) may also be involved.
It results in significant economic losses in the dairy industry due to its direct impact on milk
production. Mastitis is a major problem in terms of reduced productivity and the quality and safety
of milk. Somatic cells serve as a criterion for determining the quality and safety of raw milk and
the health status of the mammary gland in animals (Kotelevich, 2023; Kukeyeva, 2023).

The somatic cell count is widely used as an indicator of udder inflammation, since both
subclinical and clinical mastitis result in high levels of these cells.

Somatic cells in raw cow’s milk are an important biological and diagnostic indicator that
characterizes the physiological condition of the mammary gland, the sanitary quality of milk, and
its technological properties. The term “somatic cells” refers to the totality of cells present in milk,
which include, on the one hand, mammary gland epithelial cells that are shed during milk
secretion, and on the other hand, cells of the immune system (leukocytes) (Fonseca, 2025;
Fonseca, 2025).

Leukocytes are vital to the immune system of animals, playing a key role in protecting the
mammary gland from environmental pathogens, including bacteria, viruses, and fungi. The
composition and relative proportions of these leukocytes vary among different animal species,
reflecting the unique immune response mechanisms of different breeds. Although all animals
have the same basic types of white blood cells (neutrophils, monocytes, eosinophils, and
basophils). In cattle, lymphocytes predominate—they account for approximately 50—-70%, while
neutrophils are less common (20-40%). This type of blood is called lymphocytic (Desidera, 2025).
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In physiologically healthy cows, the somatic cell count in milk is relatively low and falls
within the limits established by regulatory documents, indicating a normal udder condition and the
absence of inflammatory processes. The majority of these cells are macrophages and epithelial
cells, which perform protective and regulatory functions. Macrophages participate in the
phagocytosis of microorganisms and cellular debris, providing local immunity, while epithelial cells
reflect the physiological renewal of mammary gland tissues (Besteiro, 2025).

When inflammatory processes develop, particularly mastitis, there is a sharp increase in
the number of somatic cells in milk, which is caused by the migration of leukocytes to the site of
infection. In such cases, neutrophils become the dominant cell type, playing a key role in
neutralizing pathogenic microorganisms. The increase in somatic cell count is a protective
response of the body; however, it is accompanied by changes in the physical, chemical, and
technological properties of milk (Pan, 2025).

Elevated somatic cell counts negatively affect milk quality; specifically, they lead to a
decrease in casein content, an imbalance in protein fractions, and increased activity of proteolytic
and lipolytic enzymes, which causes the hydrolysis of proteins and fats. This, in turn, impairs the
taste properties of milk, reduces its heat stability and processing suitability, particularly in the
production of cheese and fermented milk products. Furthermore, a high somatic cell count may
indicate the presence of pathogenic microorganisms and a decline in the sanitary quality of the
raw material (Mikulec, 2024; Smistad, 2025).

From a diagnostic standpoint, determining somatic cell count is one of the key criteria for
monitoring udder health and detecting subclinical mastitis at an early stage. This parameter is
widely used in veterinary practice and the dairy industry as an indicator of raw milk quality and
compliance with regulatory requirements.

Thus, somatic cells in raw cow’s milk play a dual role: on the one hand, they are a key
component of the mammary gland’s local immune defense, and on the other, they serve as a
sensitive indicator of the gland’s physiological condition and milk quality. Controlling their
numbers is crucial for ensuring the safety, nutritional value, and technological suitability of raw
milk (Mikulec, 2024).

The analysis of mesophilic aerobic and facultative anaerobic microorganisms (MAFAnM)
in raw cow’'s milk plays a different role. It is one of the main microbiological indicators
characterizing its sanitary quality, safety, and technological suitability. It characterizes the level of
milk contamination and provides an assessment of milking hygiene and equipment cleanliness.
Unlike somatic cells, the MAFANM count is not a direct indicator of udder health. A high MAFANM
count may result from external contamination, even in animals with healthy udders. At the same
time, the number of microorganisms may increase in the presence of mastitis, but this is not
always the case and does not always correlate directly (Ryzhkova, 2023).

MAFANM consists of various groups of microorganisms capable of growing under aerobic
or facultatively anaerobic conditions at a temperature of approximately 30 °C. It comprises mainly
saprophytic bacteria, as well as opportunistic pathogens that may enter milk from the
environment.

The main sources of milk contamination, as measured by the MAFANM index, include the
animal’s udder surface, milking equipment, tools, water, air, and the hands of the staff. In addition,
microorganisms can enter the milk if sanitary and hygiene requirements are not met during
milking, transportation, and storage. An important factor affecting the MAFANM level is storage
temperature: if milk is not cooled promptly, conditions favorable for the rapid multiplication of
microorganisms are created (Ryzhkova, 2023).

This indicator provides a comprehensive assessment of the overall microbial
contamination of milk and is widely used in laboratory practice for quality control. A low level of
total bacterial count indicates proper sanitary conditions in production, compliance with hygiene
requirements during milking, and effective milk cooling. Such milk is characterized by high storage
stability, preservation of organoleptic properties, and suitability for further processing. Conversely,
a high MAFANM content is a sign of microbial contamination and a disruption in the production
process, which can lead to the rapid growth of microflora (Yuan, 2022).

An increase in the number of MAFANM is accompanied by an intensification of enzymatic
processes, particularly proteolysis and lipolysis, which cause the breakdown of milk proteins and
fats. This leads to the formation of decomposition products that impair the taste, odor, and
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consistency of milk, reduce its nutritional value, and shorten its shelf life. In addition, high microbial
contamination of milk can complicate technological processes, particularly pasteurization and the
production of dairy products, since some microorganisms or their enzymes may remain active
even after heat treatment (Ryzhkova, 2023).

From a safety perspective, the MAFANM value is important as an indicator of the overall
sanitary condition of milk, although it does not provide direct information about the presence of
specific pathogenic microorganisms. However, high MAFAnM values increase the likelihood of
the presence of undesirable or potentially hazardous microflora, which may pose a risk to
consumer health. Regular monitoring of this indicator allows for the timely detection of deviations
in the production process, the prediction of milk shelf life, and the assurance of its compliance
with established regulatory requirements (Micules, 2025).

Thus, the analysis of somatic cells allows for an assessment of the udder’s health, while
the count of mesophilic aerobic and facultative anaerobic microorganisms (MAFANnM) reflects the
sanitary and hygienic standards of milk production. Both indicators are important and are used in
conjunction to provide a comprehensive assessment of raw milk quality.

Materials and methods. The experimental studies were conducted at the Laboratory for
Microbiological Analysis of Food and Feed within the Research Bacteriology Department of the
State Research Institute for Laboratory Diagnostics and Veterinary and Sanitary Expertise
(DNDILDVSE), which is accredited by the National Accreditation Agency of Ukraine for
competence in accordance with the requirements of DSTU ISO/IEC 17025-21, Kyiv.

The study utilized samples of raw cow’s milk collected throughout 2025 from private farms
located in various regions of Ukraine. The milk was obtained from clinically healthy animals. At
the time of sampling, the cows were not pregnant and were not in the lactation period, which
helped minimize the influence of physiological factors on milk composition. Cow’s milk was
obtained from Black-and-White and Red dairy breeds aged 4 to 8 years.The animals were kept
on private farms and were in a physiologically normal condition. The fat content in cow’s milk
averaged 3.2 g per 100 g of product (3.2%). The collected raw milk samples were transported to
the laboratory in special insulated containers with cooling packs, which ensured that the
temperature was maintained + 4 °C + 2 °C.

During the research, 39 samples of raw milk were analyzed. The study was conducted
based on two main parameters:

- determination of somatic cell count;

- determination of the number of mesophilic aerobic and facultative anaerobic microorgan-

isms (MAFANnM).

The somatic cell count was determined using two microscopic methods (to compare results)
by counting cells in stained smears in accordance with the requirements of the international
standard 1ISO 13366-1:2008 (ISO 13366, 2008).

The number of mesophilic aerobic and facultative anaerobic microorganisms (MAFANM) in
raw milk samples was determined using two independent methods for the purpose of comparing
the results. The first method involved the use of the TEMPO® automated system. The second
method for determining MAFANM was performed in accordance with the requirements of ISO
4833:2013 (ISO 4833, 2013).

Prior to microscopic examination, the milk was first incubated in a water bath at +40 °C for 20
minutes to determine somatic cell count; it was then cooled to room temperature and thoroughly
mixed to ensure the homogeneity of the sample. For each test sample, at least two microscopic
slides were prepared, from which the slide of the highest quality was selected for counting.

To prepare a smear, 0.01 cm? of pre-mixed milk was applied to a clean microscope slide using
a microsyringe. The drop was placed within a pre-marked area measuring 1 cm® £ 5% (from 95
mm?to 105 mm?) (Fig. 1).
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Fig.1 A smear of raw milk stained with a Newman-Lampert dye solution

The material was evenly spread over the surface of the area in a thin layer using a dissecting
needle. Afterward, the specimen was left to dry at room temperature until completely dry.

After drying, the slides were immersed in a staining bath containing a modified Newman—
Lampert stain and left for 15 minutes. After staining, the slides were removed, dried at room
temperature, and then rinsed with distilled water to remove any residual stain.

Somatic cell counts (leukocytes, lymphocytes, monocytes, and epithelial cells) were
performed using a microscope at the most appropriate magnification (ranging from 500x% to
1000x), (Fig. 2).

Fig. 2. Somatic cells in the smear (magnification x1000)

The obtained values were then used to calculate their concentration in the tested milk sample.

To determine the number of mesophilic aerobic and facultative anaerobic microorganisms in
raw milk using the TEMPO® system, the test samples were prepared in stages. From each batch
of test material, 10 cm?® of raw milk was sampled and aseptically transferred into a sterile filter bag
(Bag Filter). We added 90 cm? of sterile primary solvent—peptone water—to the bag, resulting in
an initial dilution of 1:10. The resulting suspension was thoroughly homogenized using a
homogenizer (Bag Mixer) until a homogeneous mixture suitable for further processing was
formed.

Using the dispenser on the TEMPO® Aerobic Count unit, 9 ml of secondary solvent (saline
solution) and 1 ml of the sample from the primary dilution were added to the vial containing the
dry culture medium to fully dissolve the dry culture medium and prepare the mixture for further
analysis (Fig. 3).
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= -
Fig. 3. Dry growth medium TEMPO®AC

The mixture was homogenized for 3 seconds.

Further preparation for analysis was performed using the TEMPO® FILLER sample
preparation station (Fig. 4).

\

Fig. 4. TEMPO®Filler Sample Preparation Station (card filling and sealing)

After logging into the instrument’s software, the corresponding working module was opened
to enter information about the test samples.

The identification data for each sample were read using a barcode scanner. Information such
as the sample number, test date, type of matrix being tested, and the selected analytical method
was automatically entered into the system.

Special TEMPO® AC cards, designed for determining MAFANM, were attached to each vial
containing the prepared inoculated culture medium. Before starting the procedure, the barcodes
on the vial and the card were verified by scanning them. After that, the vials and cards were placed
in a rack. One rack is designed to hold up to six vials and six cards at a time.

The prepared rack was placed into the TEMPO® FILLER device, where the card wells were
automatically filled with the inoculated culture medium. During this process, the contents of the
vial were completely drawn into the card’s micro-well system. After the card filling process was
complete, the TEMPO® FILLER automatically cut off the transport tubes and hermetically sealed
the cards (Fig. 5).

After the approximately three-minute cycle was complete, the rack with the filled cards was
removed from the sample preparation station. An empty vial indicated that the inoculated medium
had been completely and correctly transferred to the card.

The prepared plates were placed in a special incubation rack, oriented so that the labels faced
the rack handle. The plates were then transferred to a thermostat, where the microorganisms
were cultured at a temperature of 30 °C + 1 °C for 40—48 hours.

Microbiological examination of the test samples, processing of the obtained data, and
interpretation of the results for determining the number of mesophilic aerobic and facultative
anaerobic microorganisms (MAFAnM) were performed using the second method in accordance
with the requirements of the international standard ISO 4833-1:2013.

Buffered peptone water was used to prepare the initial suspension in a 1:10 ratio. When using
the standard method, a series of consecutive decimal dilutions of the test material (102, 103, etc.)
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was prepared. From the corresponding dilutions, 1 cm? of suspension was collected using a sterile
pipette and transferred to sterile Petri dishes.

e |
. Fan . N
Fig. 5. Cards with cut-off straws

To each Petri dish containing the material, approximately 15 cm? of Plate Count Agar medium
was added, which had been pre-cooled in a water bath to a temperature of (47 + 2) °C. After that,
the contents of the dishes were gently mixed with light circular motions to ensure uniform
distribution of the sample in the medium.
After the agar medium had completely solidified, the plates were incubated in a thermostat at a
temperature of (30 + 1) °C for (72 = 3) hours. Upon completion of incubation, all microbial colonies
on the plates suitable for counting were counted, i.e., those containing between 15 and 300
colonies on at least one of the plates of the corresponding dilution.
Results and Discussion. A study was conducted on 39 samples of raw milk to determine somatic
cell count and the presence of mesophilic aerobic and facultative anaerobic microorganisms
(MAFANM).
Somatic cell counts were determined using two calculation methods:
1) The number of rectangular somatic cells in the smear was counted and calculated in fifty
consecutive, evenly spaced fields of view using the following formula:

WgxLgXN
C: SHLs t

1
11><(D2—f)2><Nf><Vm “a
where:

C - total cell concentration per cm?;

Ws - horizontal diameter of the smear, mm;

Ls - vertical diameter of the smear, mm;

N - total number of cells counted;

Dr - diameter of the microscope’s field of view, mm;

N: - number of all fields of view in which cells were counted;

Vm - volume of the test sample in the smear;

Vm = 0,01 (if the Newman-Lampart colorant was used for coloring);

d - sample dilution factor;

d =1 (if the sample was not diluted).

2) The number of rectangular somatic cells in the smear was counted and calculated in
consecutive fields across ten parallel vertical strips using the following formula:

_ LgxN, 1
T DpxNpxVp,  d’

with:

Ny - the total number of counted lanes.

Calculations of the somatic cell count in the test samples showed that both calculation
methods are reliable and practical for use (Fig. 6), (Table 1).

The study and counting of mesophilic aerobic and facultative anaerobic microorganisms
(MAFANnM) were conducted using the automated TEMPO® method and the reference method of
deep plating on Petri dishes containing Plate Count Agar medium.
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Fig. 6. Results of somatic cell count in raw milk using two calculation approaches

After incubation, the TEMPO® AC cards used in the study at the MAFAnM via the
automated TEMPO® method were scanned to interpret the results. A rack containing the cards
was placed in the TEMPO® READER (card reading station). The device automatically read the
barcode on each card. Next, the fluorescence intensity in individual wells of the card was
measured. Based on the obtained fluorescence signals, the software processed the data,
calculated the quantitative content of mesophilic aerobic and facultative anaerobic
microorganisms in the samples, and displayed the results electronically for further interpretation.

In individual wells of the card, the system automatically identified positive and negative
wells and performed mathematical calculations to determine the bacterial concentration in the
samples.The results were then recorded.

The calculated test results were displayed on the computer screen, converted to the
original product in CFU/cm?, taking into account the dilutions applied, which ensured an accurate
representation of the quantitative content of microorganisms in the sample (Fig. 2), (Table 2).

Following the inoculation of samples onto Petri dishes containing Plate Count Agar,
characteristic colonies were observed to grow. The colonies were white to cream in color;
yellowish-gray colonies were also noted. The surface of the colonies was smooth, and their
consistency was soft and slimy (Fig. 7).

Fig. 7. Growth of MAFANnM colonies on the medium Plate Count Agar
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Table 1

Analysis of the results of a study on the somatic cell count in raw milk (M * m, n = 5)

Test samples | Results of the count of rectangular | Results of the count of
(TS) somatic cells in a smear across fifty | rectangular somatic cells in a
consecutive, evenly spaced fields | smear across consecutive fields
of view, on ten parallel vertical strips,
cells/cm?® cells/cm?®
TS Ne 1 101 000 + 31 115 000 + 35
TS Ne 2 232000 + 69,0 227 000 + 68
TS Ne 3 143 000 + 43 121 000 * 36
TS Ne 4 246 000 + 74 232000+ 70
TS Ne 5 80 000 + 24,0 97 000 £ 29
TS Ne 6 144 000 + 43 153 000 + 46
TS Ne 7 318 000 + 95 320 000 + 96
TS Ne 8 116 000 + 35 113 000 + 34
TS Ne 9 177 000 + 53 176 000 + 53
TS Ne 10 133 000 + 40 130 000 + 39
TS Ne 11 84 000 + 42 91 000 * 27
TS Ne 12 81000 + 24 79 000 + 24
TS Ne 13 296 000 + 89 274 000 £ 82
TS Ne 14 256 000 + 77 235000 + 71
TS Ne 15 167 000 + 50 171 000 £ 51
TS Ne 16 386 000 + 116 365 000 + 110
TS Ne 17 339 000 + 102 319 000 £ 96
TS Ne 18 228 000 + 68 221000 * 66
TS Ne 19 211 000 + 63 207 000 + 62
TS Ne 20 1495 000 + 299 1432 000 + 430
TS Ne 21 562 000 + 169 540 000 £ 162
TS Ne 22 183 000 + 55 171 000 + 51
TS Ne 23 478 000 + 143 486 000 + 146
TS Ne 24 80 000 + 24 91 000 + 27
TS Ne 25 129 000 + 39 122 000 + 37
TS Ne 26 79 000 + 24 70 000 £ 21
TS Ne 27 423 000 + 127 415000 + 125
TS Ne 28 81000 + 24 67 000 + 20
TS Ne 29 128 000 + 39 143 000 + 43
TS Ne30 77 000 + 23 68 000 + 20
TS Ne31 423 000 + 127 443 000 + 133
TS Ne32 397 000 + 119 378 000 £ 113
TS Ne 33 316 000 + 95 309 000 + 93
TS Ne 34 186 000 + 56 193 000 + 58
TS Ne 35 168 000 + 50 160 000 + 48
TS Ne 36 211 000 + 63 204 000 * 61
TS Ne 37 1483 000 + 445 1457 000 + 437
TS Ne 38 1389 000 + 417 1323 000 + 397
TS Ne 39 260 000 + 78 286 000 * 86
p <0,05
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The number of mesophilic aerobic and facultative anaerobic microorganisms (MAFAnM)
that grew on Petri dishes in the test samples was calculated using the appropriate formula.

_ e
T (n1+0,1-n3)d’

with:

N - number of microorganisms (CFU/cm?3);

Y.c - the total number of colonies counted in all Petri dishes;

n¢ - the number of cups in which colonies grew in the first culture;

ny - the number of cups in which colonies grew in the second culture;
d - dilution ratio.

The results obtained regarding the number of MAFAnM were expressed in colony-forming
units (CFU/cm3) (Fig. 8), (Table 2).

A comparison was conducted of selected values from the study of somatic cell count and
the number of MAFANM present in raw milk.

The somatic cell count results were compared between the two counting methods in
rectangular smears, specifically across fifty consecutive, evenly spaced fields of view and across
ten parallel vertical strips.

For this purpose, Student’s t-test for paired samples was used, which allows comparing
the means of two dependent samples and determining whether they differ statistically
significantly.

The study included 39 paired samples, for each of which the analyses were performed
using both methods simultaneously.

Calculations of Student’s t-test (t) to assess differences between the results of determining
somatic cell count and the number of mesophilic aerobic and facultative anaerobic
microorganisms (MAFANnM) in raw milk were performed using a paired t-test, since the results
obtained for the same samples using different methods were being compared. The calculation
was performed using the formula:
d= %Z?:l xi — ¥,

d = 7230,77 somatic cells/cm3

d = -217,95 CFU/cm?® (MAFANM),

where x; - is the number of somatic cells counted in rectangular smears across fifty consecutive,
evenly spaced fields of view (cells/cm?3);

yi is the number of somatic cells counted in rectangular smears across ten parallel vertical strips
(cells/lcm?);

d- the standard deviation of the values between the two methods;

n - the number of test samples

Standard deviation:

S = Z(Xi—ﬂz,
n-1
S1= 44725 somatic cells /cm3;
S2= 42462 somatic cells /cm3;
S1~ 36360 CFU/cm? (MAFANM)
S>= 36630 CFU/cm3(MAFANM)
where,
S - standard deviation, which characterizes the degree of variability (dispersion) of the results of
somatic cell count and MAFANM measurements relative to their arithmetic mean;
x - the arithmetic mean of the indicator under study, calculated based on the aggregate of the
results obtained:
- for somatic cells—based on the results of two counts;
- for MAFANM - based on the results obtained using different research methods (the auto-
mated TEMPO® method and the reference method of inoculation on PCA agar);
Xi - a separate (individual) value of the indicator under study:
for somatic cells—the value obtained from two different counts;
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Table 2
Analysis of the results of the study on the concentration of MAFAnNM
inraw milk (M£m, n=5)

Test samples Results of the determination of the | Results of the determination of
concentration of MAFAnM in raw | the number of total aerobic
milk using the TEMPO® system, bacteria in raw milk using the
CFU/cm? standard method on Plate

Count Agar, CFU/cm?

TS Ne 1 (1,2 £ 0,006) x 10* CFU/cm? (1,30 £ 0,017) x10* CFU/cm?

TS Ne 2 (3,2+0,016) x 10* CFU/cm? (3,3+0,013) x 10* CFU/cm?

TS Ne 3 (1,4 £0,007) x 10* CFU/cm? (1,5 +£0,006) x 10* CFU/cm?

TS Ne 4 (1,0 £ 0,005) x 10% CFU/cm?® (1,1 £0,003) x 103 CFU/cm?

TS Ne 5 (1,2 £0,006) x 10* CFU/cm? (1,1 £0,09) x 10* CFU/cm?

TS Ne 6 (3,3+0,016) x 10* CFU/cm? (3,2+0,012) x 10* CFU/cm?

TS Ne 7 (1,9 £0,009) x 10* CFU/cm? (2,0 £0,008) x 10* CFU/cm?

TS Ne 8 (3,2+0,016) x 10* CFU/cm? (3,3+0,013) x 10* CFU/cm?

TS Ne 9 (2,9 £0,014) x 10* CFU/cm® (3,1+0,012) x 10* CFU/cm?

TS Ne 10 (3,7+£0,018) x 10* CFU/cm? (3,6 £0,0144) x 10* CFU/cm®

TS Ne 11 (1,1 £0,055) x 10° CFU/cm? (1,2 £ 0,044) x 10°CFU/cm?

TS Ne 12 (2,6 £0,013) x 10* CFU/cm® (2,7+£0,011) x 10* CFU/cm?

TS Ne 13 (5,4 £0,027) x 10* CFU/cm? (5,5 +£0,022) x 10* CFU/cm?

TS Ne 14 (1,5 £ 0,007) x 10* CFU/cm?® (1,4 £ 0,005) x 10* CFU/cm?®

TS Ne 15 (3,6 £0,018) x 10* CFU/cm® (3,7 £0,014) x 10* CFU/cm?

TS Ne 16 (5,5 +£0,027) x 10* CFU/cm® (5,6 £0,022) x 10* CFU/cm?

TS Ne 17 (2,0 £0,010) x 10* CFU/cm? (1,9 £0,007) x 10* CFU/cm?

TS Ne 18 (1,7 £0,008) x 10° CFU/cm? (1,8 £0,068) x 10°CFU/cm?

TS Ne 19 (6,0 £ 0,030) x 10* CFU/cm® (5,9 £0,023) x 10* CFU/cm?

TS Ne 20 (5,4 £0,027) x 10* CFU/cm? (5,5 +£0,022) x 10* CFU/cm?

TS Ne 21 (1,4 £0,012) x 10 CFU/cm? (1,5 +£0,003) x 103 CFU/cm?

TS Ne 22 (1,5 +£0,007) x 10* CFU/cm? (1,4 £0,014) x 10* CFU/cm?

TS Ne 23 (3,7 £0,018) x 10* CFU/cm® (3,8 £0,012) x 10* CFU/cm?

TS Ne 24 (9,0 £ 0,045) x 10* CFU/cm? (9,1 £0,036) x 10* CFU/cm?

TS Ne 25 (3,5+£0,017) x 10* CFU/cm?® (3,6 £0,014) x 10* CFU/cm?®

TS Ne 26 (2,1+£0,010) x 10* CFU/cm® (2,0 £0,008) x 10* CFU/cm?

TS Ne 27 (1,2 £0,006) x 10* CFU/cm? (1,1 £0,004) x 10* CFU/cm?

TS Ne 28 (9,0 £ 0,045) x 10* CFU/cm® (9,1 £0,036) x 10* CFU/cm?

TS Ne 29 (3,7 £0,018) x 10* CFU/cm® (3,6 £0,014) x 10* CFU/cm?

TS Ne 30 (2,1 £0,010) x 10* CFU/cm?® (2,0 £ 0,008) x 10* CFU/cm?®

TS Ne 31 (1,0 £ 0,005) x 10* CFU/cm? (1,1 +£0,013) x 10* CFU/cm?

TS Ne 32 (1,1 +£0,051) x 10° CFU/cm? (1,3+0,041) x 10°CFU/cm?

TS Ne 33 (1,5 £0,076) x 10° CFU/cm? (1,6 £0,061) x 10° CFU/cm?

TS Ne 34 (3,9 +£0,019) x 10* CFU/cm® (4,0 £0,016) x 10* CFU/cm?

TS Ne 35 (8,9 £0,044) x 10* CFU/cm® (9,0 £ 0,036) x 10* CFU/cm?

TS Ne 36 (3,7+£0,018) x 10* CFU/cm® (3,6 £0,014) x 10* CFU/cm®

TS Ne 37 (8,6 £0,043) x 10* CFU/cm® (8,5 +0,034) x 10* CFU/cm®

TS Ne 38 (1,3 £0,006) x 10* CFU/cm? (1,4 £0,011) x 10* CFU/cm?

TS Ne 39 (9,1 £0,045) x 10* CFU/cm? (9,0 £0,036) x 10* CFU/cm?

p <0,05

- for MAFANnM: the value obtained for each sample using the TEMPO® automated system

and the reference method of plating on PCA agar.

- n—number of observations (sample size)
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t - Statistics for a paired t-test:
d

t=5s;—,

d/\/ﬁ
t= 1,80 somatic cells/cm?
t=-1,32 CFU/cm3 (MAFANM)
where,
Sq - standard deviation of the differences

Critical value at a = 0,05, df = 38:

tcr= 2,024 somatic cells/cm?

tcr= 2,02 CFU/cm? (MAFANM)

Comparison:|tcount| = 1,80 < tcr = 2,024 somatic cells/cm?
Comparison:|tcount| = 1,32 < tcr = 2,02 CFU/cm?* (MAFAnM)

Thus, the mean values from the two somatic cell counts (301,795 and 294,641 cells/cm?)
and the standard deviations (44,725 cells/cm® and 42,462 cells/cm?®) are similar, indicating
comparable variability in the results. The calculated t-value (t = 1.80) at df = 38 is less than the
critical value (tcr = 2.024, a = 0.05, two-tailed test). Thus, no statistically significant differences
were found between the methods for determining somatic cell counts (p > 0.05). The methods
are consistent and equivalent in terms of measurement results.
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Test sample

Cell count

B Mesophilis aerobic and facultative anaerobic microorganisms (MAFAM) isolated from raw

milk using the TEMPO® system.
B Mesophilis aerobic and facultative anaerobic microorganisms (MAFAM) isolated from raw

milk using the reference method on Plate Count Agar

Fig. 8. Results of isolation and enumeration of MAFAM in raw milk using two research
method
The mean values obtained from milk testing using the MAFAnM system via two

different methods (43,041 CFU/cm?® and 43,513 CFU/cm?®) and standard deviations (36,360
CFU/cm?® and 36,630 CFU/cm?) are practically identical, indicating a high degree of consistency
in the results. The calculated t-value (f = —1.32) at df = 38 is less than the critical value tcr =
2.020, a = 0.05, two-tailed test). Thus, no statistically significant differences were found between
the automated TEMPO® method and the reference method of inoculation on PCA agar (p > 0.05).
The methods are statistically equivalent for the determination of MAFANM.
The analysis was based on the results of a study of 39 paired samples.
The formula for Pearson's correlation coefficient:
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n=39
For 39 paired samples, the following results were obtained: r = 71,0 somatic cells/cm?
r=0.9996 CFU/cm? (MAFAnM)

Thus, the results of the correlation analysis show that there is a very strong direct linear
relationship between the results of somatic cell counts obtained using different counting methods
and the results of MAFANM determination using the automated TEMPO® method and the
reference method of plating on PCA agar. For somatic cells, the correlation coefficientis r=1.0—
indicating perfect agreement of the results—while for MAFANM, r = 0.9996, indicating virtually
complete agreement between the methods. In both cases, the correlation is statistically significant
(p < 0.05), which confirms the reliability of the results obtained and indicates the equivalence of
the research methods used.

Following experimental analyses of 39 raw milk samples, they were classified by grade in
accordance with the requirements of DSTU 3662:2018. The samples were classified based on
quality indicators, specifically somatic cell count and the number of mesophilic aerobic and
facultative anaerobic microorganisms (MAFAnM). The results obtained made it possible to assess
the sanitary and hygienic condition of the milk and classify each sample into the appropriate grade
in accordance with established regulatory criteria. The proportion of each grade (extra, premium,
first, and ungraded) was determined as a percentage of the total number of samples tested (Figs.
9-10).

10 %

Ungraded
8 %
First grade

82 %

Extra grade

Fig. 9. Distribution of raw milk samples by grade based on somatic cell count, %
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13%
Premium grade

87 %
Extra grade

Fig. 10. Distribution of raw milk samples by grade based on the percentage of MAFAnM, %

Conclusions. The study analyzed 39 samples of raw cow’s milk from clinically healthy
Black-and-White and Red dairy cows aged 4-8 years, collected from private farms in various
regions of Ukraine.

The determination of somatic cells in raw milk was performed using two microscopic
methods with Newman-Lampert staining in accordance with ISO 13366-1:2008. Both methods
allow for the quantitative assessment of epithelial cells and leukocytes, reflecting the physiological
condition of the udder and milk quality. The results demonstrated the high accuracy and practical
applicability of both approaches. Pearson’s correlation analysis revealed a strong positive linear
relationship between the results of the two methods, indicating their analytical equivalence.
Student’s paired t-test did not reveal any statistically significant differences between the mean
values of the samples (p > 0.05), confirming the reliability, reproducibility, and stability of the
results obtained by both methods.

An analysis of 39 raw milk samples showed that most of the milk met high-quality standards
in terms of somatic cell count. Specifically, 82% of the samples met the requirements for extra-
grade milk, 8% for first-grade milk, and 10% were classified as ungraded milk. The results indicate
an overall adequate level of milk production hygiene; however, the presence of ungraded raw
milk points to the need to improve animal housing conditions and strengthen health monitoring.

The testing of raw milk for the presence of mesophilic aerobic and facultative anaerobic
microorganisms (MAFAnM) was conducted using the TEMPO® automated system and
conventional deep plating on Plate Count Agar in accordance with ISO 4833-1:2013. Statistical
analysis revealed no significant differences between the results of the automated TEMPO®
method and the reference plating method (p > 0.05). Correlation analysis showed a high positive
correlation between the results of the two methods, with the MAFANM correlation coefficient
indicating virtually complete agreement (p < 0.05), confirming the reliability of the data obtained.
Regression analysis demonstrated a proportional relationship between the quantitative indicators
obtained by different methods, without any systematic bias in the results, indicating the absence
of significant methodological error when using the automated TEMPO® system.

The results obtained using the TEMPO® system confirmed the feasibility of using the
system as an alternative method for determining MAFANM in raw milk in production laboratory
settings. The TEMPO® system ensured the reliability, accuracy, and reproducibility of results
comparable to those of the classical culture method. The TEMPO® system demonstrated
significant advantages, including reduced analysis time, ease of use, and minimized human
factor.

The results of the assessment of raw milk for MAFANM content showed that 87% of the
samples met the “Extra” grade standards, while 13% met the “Superior” grade standards,
indicating a high overall quality of the raw material tested.
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The low somatic cell counts in the samples analyzed fell within the normal range for
physiologically healthy milk, confirming the absence of inflammatory processes in the udder and
the animals’ good health. The MAFANM levels varied depending on housing conditions, animal
care, and milking techniques. Low MAFANnM values indicated high milk hygiene, while elevated
values may indicate hygiene violations or issues with the processing technology. Regular
monitoring of somatic cells and MAFANM is an effective tool for assessing the physiological
condition of the udder, the sanitary quality of milk, and its technological suitability, which is of
direct importance for ensuring the safety and nutritional value of dairy products.
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KomnnekcHa ouiHKa cTaHy CUPOro KOpoB’AAYOro Mosioka 3a BMiCTOM COMaTUYHUX KIITUH i
Me30inbHUX aepobHUX Ta haKynbTaTUBHO-aHaepPOOHUX MiKpoOpraHi3aMiB AK iHAUKaTopiB
06e3neyvyHoOCTi Ta TeXHONMOriYHUX BIaCTUBOCTEN MOJIOYHOI CUPOBUHM

TorauuHcbka J1. (ORCID: 0009-0005-5032-5940), Kypsita H. (ORCID: 0000-0002-6958-1064),
Mycieub |. (ORCID: 0000-0002-2456-560X), MiwaHcbkun O. (ORCID: 0009-0002-0111-4977),
Nanka I. (ORCID: 0000-0001-8701-3506), banaHuyyk J1. (ORCID: 0000-0003-0989-5886),
Kynukosa B. (ORCID:0009-0008-8827-030X)

[ep>xaBHUA HayKOBO-AOCNIAHUM iIHCTUTYT 3 NabOpPaTOPHOI AiarHOCTUKMN Ta BEeTepUHApPHO-
caHiTapHoI ekcnepTusu, M. Kuie, YkpaiHa, e-mail: tog.liya888@gmail.com

Pe3rome. Y pobomi nposedeHo ropigHsnnbHy OUiHKY Memodie 8u3HaYeHHsI eMicmy coMamu4HUX
KimuH ma KirlbKocmi Me30@irnibHUX aepobHuX i haKyribmamueHO-aHaepobHUX MIKPOOp2aHi3Mig
(MA®AHM) y cupomy kopoe’sdomy morsnoui. Memoro JdocnidxeHHs 6yno ecmaHO8EeHHS
aHanimu4yHoi y3eodxeHocmi, mo4yHocmi ma eidmeoprosaHocmi pesyribmamis, ompumaHux
Pi3HUMU MemodaMu, a maKox 0brpyHmyg8aHHs MOX/IU8OCMI 3acmocy8aHHs agmomMamu308aHoI
cucmemu TEMPO® sik anbmepHamugHo20 Mmemo0dy MikpobiosioaidyHo20 KOHMPOITO.
Mamepianom docnidxeHHs criyaysasniu 39 3paskie HamugHO20 KOpPo8’siH020 Mosioka, 8ifibpaHux
y 2025 poui 8id KriHiYHO 300po8uUX KOpie YHOpHO-psi60i ma 4ep8OHOI MOTIOYHUX ropid gikom 4—8
poOKie 'y npusamHux aocrio0apcmeax pi3HUX peeioHi8 YKpaiHu. BusHayYeHHs Kinbkocmi
comMamuyHux KnimuH 30ilicHro8anu 08omMa MIKPOCKOMiYHUMU mMemodamu 8i0rogidHo 00 sumoe
ISO 13366-1:2008: wnsaxom nidpaxyHKy KAimuH y Maskax y rn’amoecsmu rofsx 30py ma 'y
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Oecamu napanenbHUx cmyaax. Kinbkicms MA®AHM eusHavanu deoma He3anexxHUMU
mMemodamu: asmomamu3o8aHuM ¢hslyopuMempuYHUM MemMoOOM i3 8UKOPUCMAHHSM cucmemu
TEMPO® ma emarnoHHUM memodoM 211ubuHHO20 riocigy Ha rnoxueHe cepedosuwie Plate Count
Agar 32i0H0 3 ISO 4833-1:2013.
CmamucmuyHy o6pobKy pe3yribmamie 30iliCHIo8asnu i3 3acmocy8aHHsIM napHo20 t-kpumepito
CmbroOeHma ma KopensuitiHo2o aHanizy [lipcoHa. BcmaHoeneHo, wo cepedHi 3Ha4yeHHs
rOKa3HUKi8 COMamu4HUX KIimuH, ompumaHi pisHuUmMu memodamu, cmaHosunu 301795 ma
294641 knimur/cm?® 8idrnogioHo, a 0nsa MA®AHM — 43041 ma 43513 KYO/cm?®. Po3paxoeaHi
3HayeHHs t-kpumepito (t = 1,80 Onsa comamuyHux knimuH ma t = —1,32 dna MA®AHM) He
repesulyysarnu KpumuyHux 3HadeHb (p > 0,05), wo ce8idyumse npo 8i0cymHicmb crmamucmu4yHO
3Hauywux giomiHHocmel mixx memodamu. KoegbiyieHm kopensauii lipcoHa cmaHosus r = 1,0 dns
comamuyHux krimuHd ma r = 0,9996 dns MA®AHM (p < 0,05), wo eka3ye Ha HasigHicCmb MiCHO20
rPsIMO20 JiHIHO20 38’93Ky ma 8UCOKY y3200XKeHiCmb pe3yribmamis.
LocnidxeHHs1 nokasanu, wo aemomamu3ogaHa cucmema TEMPO® 3abesneuye pesynbsmamu
BU3HA4YeHHs1 Me30@hifibHUX aepobHux ma hakynbmamueHo-aHaepobHUX MIKpOOpaaHi3mig
(MA®AHM) y cupomy mornoui, cmamucmu4yHO eKaiearieHmMHi emasnioHHOMy Memody, 3 8UCOKOI
moYHicMo ma  8idmeoprogaHiCmo | MiHIManbHUM  8rfiU8oM  JIIOOCbKO20  (hakmopy.
BukopucmaHHs uiei cucmemu OouinbHe 0ris erposadXeHHs1 y 8upobHuUYUx nabopamopisix sk
ornepamugHo20 ma HadiliIHo20 IHCMpPyMeHmMy KOHMPOJIHO MiKpObIOI02iYHUX MOKa3HUKI8 MOI0YHOT
CUPOBUHU.
Knio4oBi cnoBa: comaTu4Hi KNiTMHW, Me30diNbHNX aepobHMX i hakynbTaTMBHO-aHAEepPOBHNX
mikpoopraHiamie (MA®AHM), MOMoKo KOpoB’siye, r'aTyHOK, aBToMaTu3oBaHuin metoq TEMPO®,
KopensauiHui aHanis, t-kputepin CtotogeHTa
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Abstract. The article presents the results of an experimental assessment of the bactericidal
activity and stability of the biocidal agent “Krezonid,” whose main active ingredient is meta-cresol
(3-methylphenol). The study was conducted to substantiate the effectiveness of the biocidal agent
and confirm the preservation of its antimicrobial properties during long-term storage in accordance
with the requirements. Bactericidal activity was evaluated using a quantitative suspension method
with determination of the number of viable microorganisms (CFU) after exposure to the
preparation. Streptococcus faecalis and Salmonella enteritidis strains were used as test cultures.
The preparation was studied at concentrations of 0.1, 0.5, and 1.0% with exposure times of 10—
30 minutes. The stability of the biocidal agent was studied under real storage conditions for 30
months by monitoring organoleptic indicators, pH values, and the preservation of bactericidal
activity. It was found that the biocidal agent “Krezonid” exhibits pronounced bactericidal activity
against both test microorganism cultures.

Complete inactivation of Streptococcus faecalis and Salmonella enteritidis was achieved at a
concentration of 0.5% and exposure of 20 minutes. During storage, the drug “Krezonid” retained
its physicochemical homogeneity, stable pH value, and complete bactericidal activity throughout
the observation period. The results obtained indicate the high efficacy and stability of the biocidal
agent Krezonid, which justifies its use in veterinary practice and the possibility of establishing a
shelf life of at least 24 months under regulated storage conditions.

Keywords: biocidal agents, meta-cresol, bactericidal activity, stability, veterinary disinfection

Prevention and control of infectious diseases in animal husbandry are fundamental
components of the epizootic welfare system and ensuring the safety of food products of animal
origin. The effectiveness of sanitary and hygienic measures largely depends on the use of biocidal
agents capable of ensuring a stable reduction in the number of pathogenic and conditionally
pathogenic microorganisms in the external environment (Maillard, 2024).

Among chemical compounds with proven antimicrobial activity, phenolic derivatives
occupy a special place, characterized by their ability to disrupt the structural and functional
integrity of microbial cell membranes. The mechanism of antimicrobial action of phenols consists
in destabilizing the lipid layer of the cytoplasmic membrane, denaturing protein structures, and
disrupting energy metabolism, which leads to the death of the bacterial cell (Russell, 2002; Rutala,
2019).

Modern experimental studies confirm the high effectiveness of phenolic compounds
against Gram-positive and Gram-negative bacteria. In particular, phenolic disinfectants provide a
pronounced bactericidal effect at relatively low working concentrations, maintaining their activity
even in difficult conditions of exposure to organic impurities. Similar conclusions regarding the
promise of phenolic compounds as biocides are cited by Oulahal (2022), emphasizing their
stability and broad spectrum of antimicrobial activity.

One of the important representatives of phenolic compounds used in disinfectants and
biocidal agents is meta-cresol (3-methylphenol). According to Maillard, J.-Y., Pascoe, M., and
Russell, meta-cresol exhibits bactericidal activity by disrupting the permeability of the cytoplasmic
membrane and inhibiting key enzymatic processes in microbial cells. An important advantage of
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phenolic biocides, in particular meta-cresol, is the preservation of antimicrobial activity in
conditions of organic contamination, which is of fundamental importance for veterinary practice
(Maillard, 2024; Russell, 2002).

In the biocidal product “Krezonid,” meta-cresol is the main active ingredient, while auxiliary
ingredients ensure the stability of the composition, maintain optimal pH, and reproduce
bactericidal activity throughout the entire storage period. This approach to the formulation of
biocidal products is in line with current recommendations for the creation of effective veterinary
disinfectants, as outlined in the works of Tyski (2019) and Wales (2020).

According to current requirements for state registration of veterinary biocidal products,
experimental evaluation should include not only confirmation of bactericidal activity, but also
monitoring of the stability of the active substance during storage using quantitative microbiological
indicators. The need for such an approach is indicated by (Tarka, 2021), as well as (Wales, 2020),
who emphasize the importance of determining the logarithmic reduction of viable microorganisms
to justify the effectiveness of biocides (Ponomarenko, 2020).

Aim of the study was to experimentally investigate the bactericidal activity and stability
of the biocidal agent “Krezonid,” whose main active ingredient is meta-cresol, using quantitative
microbiological methods in accordance with current requirements.

Materials and methods. The object of the study was the biocidal agent “Krezonid” — a
composite preparation based on meta-cresol with the addition of auxiliary components that
ensure the stability and technological properties of the preparation. The studies were conducted
at the laboratory of the Institute of Veterinary Medicine of the National Academy of Agrarian
Sciences of Ukraine. Standard test strains of microorganisms were used in the studies:
Streptococcus faecalis; Salmonella enteritidis.

The cultures were grown on meat-peptone agar at a temperature of 37+1°C for 18-24
hours.

The bactericidal activity of the preparation was determined by a quantitative suspension
test in accordance with the generally accepted approaches used in EN 1040 and EN 1656
standards for evaluating the action of chemical disinfectants (Harkavenko et al., 2020).

Working suspensions of microorganisms were prepared at a concentration of 107-108
CFU/cm3. The drug “Krezonid” was studied at working concentrations of 0.1%, 0.5%, and 1.0%
for exposure times of 10, 20, and 30 minutes at a temperature of 37£1°C.

After exposure, the effect of the preparation was neutralized, serial dilutions were
performed, and the preparation was seeded onto a nutrient medium, followed by counting the
number of colonies (CFU). Samples without the addition of a biocidal agent served as controls.

The stability of the biocidal agent was evaluated under real storage conditions for 24
months. The preparation was stored in a hermetically sealed factory container at a temperature
of 5 to 25°C in a place protected from light.

Stability control was carried out after 0, 6, 12, 24, and 30 months of storage by: evaluating
organoleptic indicators (appearance, color, smell, presence of sediment or stratification);
determining pH values; re-determining bactericidal activity using generally accepted methods
(Kovalenko, 2011).

Results. Experimental studies have shown that the drug “Krezonid” exhibits pronounced
bactericidal activity even at low concentrations. At a concentration of 0.1% and exposure of 10
minutes, the number of viable Streptococcus faecalis cells decreased from 1.2x10%® CFU/cm? to
4.6%10° CFU/cm3, indicating a pronounced but incomplete reduction in the microbial population.
Increasing the exposure time to 20 minutes at the same concentration led to a further decrease
in the number of CFU/cm? to 1.3x10%, which can be characterized as a significant suppression
of bacterial viability (Table 1).

When the concentration is increased to 0.5% and the exposure time is 20 minutes,
Streptococcus faecalis is completely inactivated, as no colonies were found in the test samples.
This indicates that a working concentration of 0.5% is optimal for effective destruction of bacteria
in a short period of time. Complete inactivation is also observed at a concentration of 1.0% and
an exposure time of 30 minutes, confirming a direct relationship between concentration, exposure
time, and product efficacy.
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Table 1
Bactericidal activity of the biocidal agent “Krezonid” against Streptococcus faecalis
Concentration of Exposition, min hgﬁﬁgrrngf CFU/cm?® Decrease
the drug, % ’ ' (test) CFU/cm?
(control)
0,1 10 1,2x108 4 6%x10° pronounced
0,1 20 1,2x108 1,3x10* significant
0,5 20 1,2%108 Not detected complete
1,0 30 1,2x108 Not detected complete

The results obtained are consistent with the literature data (Russell, 2002) on the effect of
phenolic compounds on Gram-positive bacteria: the mechanism of action consists in disrupting
the integrity of the cell membrane and denaturing proteins, which leads to the rapid death of
microorganisms.

Salmonella enteritidis showed slightly higher resistance to the drug than Streptococcus
faecalis, which corresponds to the known properties of Gram-negative bacteria with an outer
membrane that provides an additional barrier against chemical agents (Table 2). At a
concentration of 0.1% and an exposure time of 10 minutes, the number of viable cells decreased
from 9.8 x 107 CFU/cm?to 6.1 x 10° CFU/cm?3, i.e., there was a marked but incomplete inhibition.
Increasing the exposure to 20 minutes reduced the CFU/cm? to 2.4 x 10%, which can be assessed
as a significant but not complete inhibition of bacterial viability.

Table 2

Bactericidal activity of the biocidal agent “Krezonid” against Salmonella enteritidis

Concentration of | Exposition, Number of Concentration Exposition,
the drug, % min. CFU/cm? of the drug, % min.
0,1 10 9,8x107 6,1x10° pronounced
0,1 20 9,8x107 2,4x104 significant
0,5 20 9,8x107 Not detected complete
1,0 30 9,8x107 Not detected complete

The use of a concentration of 0.5% and an exposure time of 20 minutes ensured complete
inactivation of Salmonella enteritidis, similar to Streptococcus faecalis. A concentration of 1.0%
and an exposure time of 30 minutes also ensured complete destruction of the bacteria.

These results confirm that Krezonid is effective against both test strains, but for Gram-
negative bacteria such as Salmonella enteritidis, a minimum working concentration of 0.5% with
an exposure time of at least 20 minutes is recommended to achieve complete bactericidal action.

To assess the stability of “Krezonid”, monitoring was carried out for 30 months under real
storage conditions (at a temperature of 5 to 25°C, protected from light, in sealed containers)
(Table 3). The results showed that the product retains: A uniform appearance without sediment
or separation at all stages of observation.

Table 3
Stability indicators of the biocidal agent “Krezonid” during storage
Term of External ap- Sediment / pH Meta- Density Bacteri-
storage, pearance stratification 5,8— cresol 1.10-1.20 | cidal activ-
months 6,2 content g/lcm? ity
0 homogeneous absent 6,0 5,15 1,12 Safed
6 homogeneous absent 5,9 5,10 1,11 Safed
12 homogeneous absent 6,1 5,09 1,13 Safed
24 homogeneous absent 6,0 5,02 1,14 Safed
30 homogeneous absent 5,8 4,85 1,15 Safed
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The pH level was within the range of 5.8—6.2, with changes not exceeding 0.2 units, which
does not affect antimicrobial activity. Complete bactericidal activity against both test
microorganisms was observed even after 30 months.

However, the meta-cresol content decreased to 4.85 after 30 months, which gives reason
to recommend the product for a shelf life of 24 months.

These data indicate the high physicochemical stability of the product, which ensures a
long shelf life and effectiveness in practical application.

Experiments to control activity after storage showed (Tables 4 and 5) that Streptococcus
faecalis and Salmonella enteritidis are completely inactivated at a concentration of 0.5% and
exposure of 20 minutes at all stages of storage (6, 12, 24, 30 months). This confirms that the
active components of the preparation do not degrade during storage and that the physicochemical
properties remain stable.

Table 4
Bactericidal activity of “Krezonid” against Streptococcus faecalis during storage
Term of storage, | Concentration, Exposition, Number of Evaluation of the
months % min. CFU/cm? action
6 0,5 20 Not detected Full
12 0,5 20 Not detected Full
24 0,5 20 Not detected Full
30 0,5 20 Not detected Full

Thus, “Krezonid” meets modern requirements for veterinary biocidal products:
preservation of bactericidal activity, stability of composition, and optimal operating parameters.

Table 5
Bactericidal activity of “Krezonid” against Salmonella enteritidis during storage
Term of storage, | Concentration, Exposition, min Number of Evaluation of the
months % ’ CFU/cm3 action

6 0,5 20 Not detected Full
12 0,5 20 Not detected Full
24 0,5 20 Not detected Full
30 0,5 20 Not detected Full

Analysis of the experimental data presented in Tables 3—5 shows that the biocidal agent
“Krezonid” retains its physicochemical homogeneity and bactericidal activity throughout the entire
study period. The pH value changed by no more than 0.2 units, which is not critical for the stability
of phenolic biocidal compositions.

Quantitative microbiological studies showed that after 6, 12, 24, and 30 months of storage,
the preparation at a working concentration of 0.5% ensured complete inactivation of test
microorganisms without the detection of viable cells during sowing. The absence of a decrease
in bactericidal activity confirms the stability of the active components of the preparation and
justifies the establishment of a shelf life of at least 24 months.

The results obtained are of practical importance for the biocidal agent “Krezonid”, as they
demonstrate the compliance of the preparation with the requirements for stability and
effectiveness during storage.

Discussion. The results obtained are consistent with the literature data on the high
antimicrobial activity of phenolic compounds, in particular meta-cresol, which has a bactericidal
effect by disrupting the integrity of cell membranes and denaturing the protein structures of
microorganisms.

An important characteristic of biocidal agents intended for veterinary use is the stability of
their properties during storage. The results of the studies show that the composition of the agent
“Krezonid” ensures the preservation of physicochemical parameters and bactericidal activity for
at least 24 months of actual storage, which meets the requirements for drugs submitted for state
registration (Rutala, 2019).
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Scientific publications and regulatory documents indicate that the effectiveness of phe-
nolic veterinary disinfectants and combined biocides is largely determined by the concentration
of active ingredients, duration of exposure, and stability of the product during storage. According
to Wales et al., phenolic disinfectants provide rapid bactericidal action against Gram-positive and
Gram-negative bacteria in the concentration range of 0.5-1.0% and exposure time of 15-30
minutes (Wales, 2020)

The works of Russell and Boyce show that combined biocidal compositions, which
combine phenolic compounds with other active components, in particular quaternary ammonium
compounds, are characterized by a broader spectrum of antimicrobial activity and greater
resistance to organic contaminants. Similar preparations used in the veterinary and food
industries demonstrate complete inactivation of Streptococcus faecalis and Salmonella enteritidis
after 20—30 minutes of exposure at concentrations of at least 0.5% (Russell, 2002; Boyce, 2023).

The results obtained in this study indicate that the biocidal agent “Krezonid” is not inferior
to well-known phenolic and combined analogues described in the literature in terms of bactericidal
activity and stability. The preservation of full bactericidal activity after 6, 12, 24, and 30 months of
storage distinguishes “Krezonid” favorably from certain biocidal agents, for which publications
note a gradual decrease in effectiveness due to the degradation of active components or changes
in the acidity of the environment.

Thus, a comparative analysis with data from real scientific studies confirms the compliance
of the biocidal agent “Krezonid” with modern requirements for veterinary disinfectants and justifies
the expediency of its use and the establishment of a shelf life of at least 24 months for the biocidal
agent “Krezonid” under regulated storage conditions.

The prospect for future work is to investigate the fungicidal properties of the biocidal agent
“Krezonid”.

Conclusions. The biocidal agent “Krezonid” meets the requirements for veterinary disin-
fectants in terms of bactericidal activity against Streptococcus faecalis and Salmonella enteritidis.
Quantitative microbiological studies confirm an effective reduction in the number of viable micro-
organisms to a level that cannot be determined by the sowing method, in the range of working
concentrations of 0.5-1.0%.

The results of stability testing under real storage conditions for 24 months indicate that the
physicochemical properties and bactericidal activity of the product are preserved.
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Pesrome. Y cmammi HaeedeHO pe3ynbmamu  eKCcriepuMeHmarsbHOi  OUIHKU
bakmepuyudHoi akmusHocmi ma cmabinibHocmi 6ioyudHo2o 3acoby «Kpe30Hid», OCHOBHUM
Oito4UM KOMIMOHEHMOM SIKO20 € Mema-Kpe3os (3-memurigheHorn). [ocnidxeHHs nposedeHo 3
memoro obrpyHmysaHHs egekmusHocmi  bioyudHo20 npernapamy ma nidmeepdKeHHs
36epexeHHsT Uioeo0 aHMuMIKpObHUX eracmueocmel y npoueci mpueanoz2o 36epicaHHS
8i0rnosiOHOo 00 eumoz. bakmepuyudHy akmueHiCmb OUiHI08asIU KifbKICHUM CYCreH3idHUM
MemodoM i3 8U3HAYEHHSIM KiflbKOCMI XXumme3damHux mikpoopeaaHiamie (CFU) nicns ekcriosuuir
npenapamy. 5lk mecm-Kynbmypu eukopucmosyeanu wmamu Streptococcus faecalis ma
Salmonella enteritidis. lNpenapam Odocnidxysanu y koHueHmpauisx 0,1, 0,5 ma 1,0 % 3a
ekcrio3uuii 10-30 xe. CmabinbHicmb bioyudHo20 3acoby eusyqasu 8 ymMosax peasibHO20
36epiezaHHs npomsizom 30 Mic WIsIXOM KOHMPOJIH0 Op2aHOMeNnmMuUYHUX MOKa3HUKI8, 3HaqYeHHs pH
ma 36epexxeHHs1 bakmepulyudHoi akmusHocmi. BecmaHosrneHo, wo bioyudHul 3acié «Kpe3oHid»
nposesnse supaxeHy bakmepuyudHy akmueHicmb w000 060X Kyrbmyp mecm-mikpoopaaHiamie.
lNosHa iHakmueauis Streptococcus faecalis ma Salmonella enteritidis Oocsieanacs npu
koHueHmpauii 0,5 % i ekcrnioauuii 20 x8. Y npoueci 36epiecaHHs ripenapam «Kpe3oHiO» 36epicas
pi3uKko-ximiyHy 0OHOpIOHicmb, cmabinbHe 3Ha4eHHs1 pH ma noeHy 6bakmepuyulHy akmugHicmb
npomsicoM ycbo2o repiody criocmepexeHHs1. OmpumaHi pe3ynbmamu cei04amb rpo BUCOKY
egpekmusHicmb i cmabinbHicmb 6ioyudHo20 3acoby «Kpe3oHid», wo 0brpyHmMogye OouifibHiCMb
lioeo 3acmocyeaHHs y eemepuHapHil fpakmuuyi ma MOXIIU8ICMb 8CMaHOB/IEHHS MepPMiHy
npudamHoOCcmi He MEeHLWE HiX 24 Mic. 3a pearnaMeHmMo8aHUXx ymMoa 3bepicaHHS.
KnwouoBi cnoBa: GioumaHi 3acobu, meTta-kpesos, GaktepuumMgHa akTUBHICTb, CTabINbHICTD,
BeTepuHapHa aesiHdekuisa
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Abstract. Sarcocystosis of cattle remains a relevant parasitological problem in the system of
post-mortem veterinary and sanitary control due to the predominantly asymptomatic course of
infection and the limited diagnostic value of macroscopic examination. The aim of this study was
to investigate the level of sarcocystosis infestation in cattle by means of macroscopic examination
of muscle tissues and compression microscopy of stained sections, to determine the degree of
involvement of different anatomical muscle groups, and to study the morphological and
morphometric characteristics of Sarcocystis spp.

A total of 473 muscle samples (esophagus, myocardium, masticatory muscles, hind limb muscles,
diaphragm, and intercostal muscles) collected during post-mortem veterinary inspection in
December 2025 and January 2026 were examined. Diagnostic procedures included macroscopic
inspection with serial incisions and compression microscopy of stained preparations, followed by
morphometric analysis using digital microscopy and ImagedJ software.

No macroscopic cysts of Sarcocystis spp. were detected during visual inspection. In contrast,
compression microscopy revealed microsarcocysts in 105 out of 473 examined samples,
corresponding to an overall prevalence of 22.2%. A pronounced anatomical unevenness of
infection was established, with the highest infestation rates observed in the esophagus and hind
limb muscles (up to 72%). Morphometric analysis revealed two main morphological types of
microsarcocysts: oval and spindle-shaped, which differ visually.

The obtained results confirm the latent course of sarcocystosis in cattle and demonstrate the high
diagnostic value of compression microscopy of stained preparations. The use of this method is
essential for an objective assessment of infestation levels and for improving the effectiveness of
veterinary and sanitary control of meat safety.

Keywords: sarcocystosis, cattle, compression microscopy, muscle tissues, post-slaughter
diagnosis

Sarcocystosis is one of the most widespread parasitic diseases of farm animals,
particularly cattle, with a pronounced zoonotic potential (Dubey, 2016). The causative agents of
this disease are protozoa of the genus Sarcocystis, which infect the muscular tissues of animals
(Fayer, 2004). According to numerous studies, the prevalence of Sarcocystis infection in cattle in
different regions of the world may reach 70-100%, highlighting the significant epizootic
importance of this parasitosis (Dubey, 2006).

The disease not only reduces animal productivity but also poses risks to public health
through the consumption of contaminated meat (Moré, 2011). Zoonotic species of the pathogen,
such as S. hominis and S. heydorni, can be transmitted to humans through insufficiently heat-
treated meat, causing gastrointestinal disorders (Gjerde, 2013; Fayer, 2015). The parasite has a
heteroxenous life cycle with alternation of definitive hosts (carnivorous animals: dogs, cats, and
humans) and intermediate hosts (cattle) (Dubey, 2016, Hu, 2017). Definitive hosts excrete
sporocysts with feces, contaminating the environment, feed, and water, thereby ensuring stable
circulation of theparasiteintheexternal environment (Dubey, 1989). In intermediate hosts, the
parasite forms sarcocysts in the muscles, which become a source of infection for definitive hosts
when raw, insufficiently heat-treated, or frozen meat is consumed (Gjerde, 2014, Dubey, 2015).

The causative agents of sarcocystosis demonstrate high resistance to environmental
factors (Oryan, 2010). Sporozoites and sporocysts of Sarcocystis spp. are able to retain invasive
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properties for months at low temperatures (down to =20 °C), in moist soil, or on contaminated
surfaces (European Food Safety Authority (EFSA), 2015). This contributes to long-term
contamination of pastures, feed, water, and animal housing facilities (Fayer R, 2019). Tissue
stages of the pathogen in meat are relatively resistant to cooling, freezing, and salting: sarcocysts
survive at -4 °C for several weeks but die during deep freezing (-20 °C for 3 days) or cooking
(70 °C for 20 min) (World Organisation for Animal Health (WOAH, ex-OIE), 2021) Such resistance
is critically important for veterinary-sanitary safety of meat products, as insufficient processing
may lead to outbreaks of zoonotic infections (European Food Safety Authority (EFSA), 2015).

The pathogenic effect of Sarcocystis spp. is caused by mechanical damage to muscle
fibers, toxic-allergic effects of parasite metabolites, and immunopathological reactions of the host
organism (Lindsay, 2020). During the acute phase (schizogony), endothelial damage to blood
vessels occurs, which may lead to hemorrhages, anemia, and neurological symptoms (Dubey,
2023). The chronic phase is characterized by the formation of sarcocysts in the muscles and often
proceeds subclinically (Yang, 2018). In most cases, sarcocystosis in cattle does not manifest with
pronounced clinical signs (latent course), complicating diagnosis during the life of animals (Araujo,
2025, European Food Safety Authority (EFSA), 2015).

The absence of specific symptoms contributes to underestimation of the invasion and
preservation of infection sources within animal populations (Vangeel, 2021). Economic losses
caused by sarcocystosis are complex and include reduced body weight gain (up to 20% in
infected animals), deterioration of meat quality (reduced tenderness and flavor), Carcasses
affected by sarcocysts are subject to technical disposal, which leads to direct losses for farms
and meat processing plants (European Food Safety Authority (EFSA). 2015). The disease also
requires additional costs for control and prevention, including improvement of animal husbandry
hygiene and meat processing measures (Imre, 2019).

Timely laboratory diagnosis is a key aspect of sarcocystosis control, especially
considering its latent course (Gjerde, 2015, Yang, 2018). Traditional post-mortem examination
methods (visual inspection and macroscopic examination of muscles) detect only macroscopic
forms of the parasite, missing microscopic sarcocysts (Oryan, 2010). Therefore, more sensitive
diagnostic methods are commonly used, including compression microscopy, histological staining
(hematoxylin—eosin), enzyme-linked immunosorbent assay (ELISA) for antibody detection, and
PCR for molecular identification of species (Gjerde, 2015, Yang 2018).

Control measures involve preventive strategies such as restricting access of carnivorous
animals to pastures, maintaining feed hygiene, and adequate heat treatment of meat (World
Organisation for Animal Health (WOAH, ex-OIE), 2021). Further research is required to develop
effective vaccines and antiparasitic drugs (Dubey, 2023, Zaib, 2024). Sarcocystosis remains a
significant problem for livestock production and public health, requiring integrated approaches to
diagnosis, prevention, and control (Lindsay, 2020).

Aim of the study. To determine the degree of infection of different anatomical groups of
muscle tissues with Sarcocystis spp. using compression microscopy of stained sections for the
detection of microcysts, and to investigate the morphological and morphometric characteristics of
microsarcocysts.

Materials and methods. The material for the study consisted of samples taken from
cattle, namely: esophagus, myocardium (heart muscle), masticatory muscles, hind limb muscles,
diaphragm, and intercostal muscles. Sampling was carried out during post-mortem veterinary-
sanitary inspection in accordance with generally accepted rules for the collection of biological
material.

One of the first stages of diagnosis was the visual detection of macrocysts, which are
larger than 2.0 cm. Examination was performed according to generally accepted methodological
guidelines for the diagnosis of sarcocystosis, in compliance with standards of veterinary-sanitary
meat inspection.

Each anatomical specimen was subjected to external visual inspection under sufficient
lighting to evaluate the surface structure and detect pathological inclusions. Particular attention
was paid to the detection of macroscopic sarcocysts in the form of whitish or grayish, elongated
or oval formations located between muscle fibers or under serous membranes.

To increase diagnostic sensitivity, each examined organ was subjected to a series of
longitudinal and transverse incisions with a scalpel at intervals of 0.5-1.0 cm, which allowed

I  One Health Journal. 2026. Vol. 4. N. 3 I
48



Section 3

visualization of deeper layers of muscle tissue. The cuts were examined with the naked eye and
using a magnifying glass (x2.0-5.0) to detect macrocysts.

During the macroscopic examination, no cases of macrocyst detection were recorded in
the examined anatomical organs.

The second stage of the study was based on the detection of microcysts. From each
anatomical sample, four sections approximately the size of a rice grain were prepared. The
sections were stained for 40 minutes using methylene blue with the addition of concentrated
acetic acid (1:1), which provided contrast staining of muscle fibers and intracellular parasitic
structures. After staining, the sections were washed twice with distilled water.

The experimental sections were placed in the wells of the lower part of a compressorium,
covered with the upper plate, and evenly fixed by tightening the screws until a thin transparent
preparation suitable for microscopic examination was obtained. Microscopic examination was
performed using a light microscope.

Primary examination was carried out at magnification: objective x5, eyepiece x10 to detect
inclusions morphologically similar to sarcocysts. When suspicious forms were detected, further
examination was performed at magnification: objective x10, eyepiece x10 for detailed
assessment of the shape, size, and localization of the parasite in muscle fibers.

To establish the final diagnosis and detect developmental stages of the parasite, individual
sections were transferred to a glass slide, covered with a coverslip, and examined at high
magnification: objective x40, eyepiece x10. Diagnostic criteria included the presence of a clearly
defined sarcocyst, the characteristic structure of its wall, and detection of bradyzoites.

The final stage of diagnosis involved the study of morphological and morphometric
characteristics of microsarcocysts by isolating the parasite from muscle fibers through mechanical
homogenization. To isolate sarcocysts, muscle samples from different anatomical locations
(heart, diaphragmatic pillars, esophagus, masticatory, intercostal, and striated muscles) were
used, obtained from one animal. Samples were cleaned of fat and fascia and mechanically ground
twice by passing through a meat grinder with holes 3.0 mm in diameter. For examination, 10.0 g
of minced muscle mass was selected, to which 40.0 ml of phosphate-buffered saline (PBS) (pH
7.4) was added, thoroughly mixed, and filtered through a medium-density sieve to remove coarse
tissue fragments.

The obtained filtrate was transferred to centrifuge tubes and centrifuged at 600 x g for 5
min, after which the supernatant was removed and the sediment resuspended in 10.0-20.0 ml
PBS. A portion of the suspension (1.0-2.0 ml) was transferred to a Petri dish and examined under
a light microscope at low magnification (x4-5) with further clarification at x10. Sarcocysts were
identified by their characteristic elongated shape with rounded ends and absence of an internal
fibrous structure; detected cysts were isolated under microscopic control and transferred into
tubes with PBS for further storage in a refrigerator at 5 + 1 °C.

Microscopic examinations were carried out using a ZEISS light microscope (Carl Zeiss,
Germany) equipped with a standard digital video camera and proprietary ZEISS ZEN software.
Preparations were examined in transmitted light using magnifications of x50, x100, and x400,
which allowed the study of microsarcocyst structure, shape, wall thickness, and the nature of
internal contents, including the presence of bradyzoites.

Morphometric analysis was performed using the ImageJ software (National Institutes of
Health, USA) after preliminary calibration using a micrometric scale. The length, width, and wall
thickness of microsarcocysts were measured; for each morphological type, at least 20-30
measurements were performed followed by calculation of minimum, maximum, and mean values
as well as standard deviation.

Results. During the examination for the presence of macrocysts, a visual inspection of
anatomical organs was performed, including transverse and longitudinal incisions and the use of
magnifying devices. No macrocysts were detected in the examined beef samples obtained from
cattle, indicating the predominance of microscopic forms of sarcocyst invasion.

Diagnostic investigations aimed at detecting microcysts were carried out in december
2025 and january 2026. In total, 473 muscle tissue samples collected from cattle carcasses were
examined. Positive results for the presence of sarcocysts were obtained during microscopic
examination using the compression diagnostic method with preliminary staining of the samples.

I One Health Journal. 2026. Vol. 4. N. 3 I
49



Section 3

Microscopy of the total number of samples examined (473) revealed 105 positive samples, which
accounted for 22.2 % of the total number tested.

In December 2025, 376 samples were examined, of which 15 yielded positive results,
representing 4 %.

In January 2026, 97 samples were examined, of which 50 yielded positive results,
representing 51.5 %.

Thus, all data on the invasion of the examined cattle carcasses were obtained exclusively
through compression microscopy of stained preparations. These findings confirm the low
diagnostic informativeness of visual methods used during post-mortem veterinary and sanitary
inspection and substantiate the necessity of mandatory microscopic diagnostics to obtain reliable
information on the presence of sarcocysts in samples.

The overall detection rate of sarcocysts in 22.2% of the examined samples indicates a
stable circulation of the pathogen among the cattle population, even in the absence of clinical
manifestations.

The detection intensity of sarcocysts largely depends on the age of the animals, the
duration of invasion, and the localization of the parasite within muscle fibers, as well as on the
cyst density in the examined material. During the winter period, animals of older age groups are
more frequently sent for slaughter, which potentially increases the probability of detecting
sarcocystosis pathogens.

Thus, the obtained data confirm the key role of compression microscopy in the laboratory
diagnostic system of sarcocystosis. The use of stained samples and stepwise microscopic
analysis allowed to reveal the actual level of animal infestation, which was completely
inaccessible using macroscopic examination methods.The analysis of the results suggests that
the actual prevalence of sarcocystosis may be underestimated, since even the compression
method has limited sensitivity in cases of low invasion intensity and uneven distribution of cysts
in muscle tissue.

To determine the intensity of lesions in each anatomical group, 473 samples were
examined from the esophagus, myocardium (cardiac muscle), masticatory muscles, hind limb
muscles, diaphragm, cardiac muscle, and intercostal muscles.

According to the results, the intensity of muscle tissue infection ranged from 46.0% to
72.0%, indicating a significant prevalence of sarcocystosis among the examined cattle population.
The obtained data made it possible to determine the percentage of infection for each organ
according to the level of invasion. The highest level of invasion was observed in muscles with
intensive blood supply, which creates optimal conditions for parasite migration and development.
Based on the conducted studies, the following distribution of muscles according to the degree of
pathogen accumulation was established:

Highly affected muscle groups:
esophagus — 72 %, myocardium (cardiac muscle) — 66 %, masticatory muscles — 61 %, hind limb
muscles — 72 %

Moderately affected muscle groups: diaphragm — 52 %, intercostal muscles — 46 % (Fig. 1).

Intercostal muscles IIIIEEGEGGNGNGNGNNNNNNNNNNNEEEN 46
Diaphragm [N 52
M'asun 3agHboi kiHuiskv G 58
Masticatory muscles I 61
Myocardium I 66
Esophagus I 72

0 10 20 30 40 50 60 70 80

Fig. 1. Prevalence of Sarcocystis spp. infection in different muscle tissues of cattle
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During microscopic examinations, microsarcocysts of Sarcocystis spp. were detected in
the muscle tissues of cattle. These structures were predominantly localized intracellularly
between muscle fibers, and less frequently arranged parallel to the direction of muscle bundles.
Morphometric analysis performed using digital microscopy and measurement software (ImageJ)
made it possible to classify the cysts according to their shape and size.

Based on morphological characteristics, the microsarcocysts detected in cattle muscle
tissue were clearly divided into two main types, differing in shape, size, and predominant
localization within the host organism.

Oval (ellipsoidal) microsarcocysts were characterized by the following parameters:

. length — 120-280 pm;
. width — 40-90 pm.

These cysts predominated in the myocardium (cardiac muscle) and esophageal muscles,
which may indicate their adaptation to tissues with high functional activity and intensive blood
supply.

Spindle-shaped (fusiform) microsarcocysts had the following dimensions:

. length — 180-350 pm;
o width — 30-70 pm.

They were more frequently detected in skeletal muscles, particularly in the masticatory
muscles, neck muscles, limb muscles, and lumbar muscles. Their elongated shape and smaller
width facilitate better integration into the long muscle fibers of skeletal musculature, which may
explain their predominance in these tissues.

The sarcocyst wall was clearly delineated and thin or moderately thickened, with a
thickness of 1.0-3.0 ym. The internal cavity of the cysts was filled with numerous bradyzoites,
which were densely packed and oriented parallel to the longitudinal axis of the cyst.

a b

Fig. 2. Microsarcocysts of Sarcocystis spp. in cattle muscle tissues: (a) spindle-shaped
(fusiform) microsarcocysts; (b) oval (ellipsoidal) microsarcocyst

Discussion. Thus, the identified morphological and morphometric heterogeneity of
Sarcocystis spp. microsarcocysts indicates the presence of at least two morphotypes of the
parasite, differing not only in shape and size but also in tissue tropism. The predominant
localization of oval microsarcocysts in the myocardium and esophageal muscles, and spindle-
shaped microsarcocysts in skeletal musculature, reflects the parasite’s adaptation to the
morphofunctional characteristics of different types of muscle tissue.
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Conclusions
1. Macroscopic examination of cattle muscle tissues collected during post-mortem veteri-
nary-sanitary inspection revealed no macroscopic sarcocysts (Sarcocystis spp.) in any of the ex-
amined anatomical samples, indicating the low diagnostic value of visual examination for sarco-
cystosis detection.
2. Compression microscopy of stained tissue sections allowed the detection of microsarco-
cysts of Sarcocystis spp. in 105 out of 473 examined samples, confirming the effectiveness of
this method for identifying latent forms of invasion and determining the actual level of muscle
tissue infection.
3. A pronounced anatomical unevenness of sarcocystosis infection was established. The
highest infection rates were recorded in the esophagus and hind limb muscles (up to 72%), slightly
lower in the myocardium and masticatory muscles (61-66%), while the intercostal muscles and
diaphragm showed the lowest prevalence (46-52%).
4, Morphometric analysis made it possible to distinguish two main forms of microsarcocysts
— oval and spindle-shaped, with lengths ranging from 120 to 350 ym and widths from 30 to 90
pm, indicating the morphological variability of tissue stages of the parasite and likely reflecting
species-specific characteristics of the pathogen.
5. The obtained results confirm the latent course of sarcocystosis in cattle and justify the
mandatory use of compression microscopy of stained preparations in post-mortem veterinary-
sanitary control systems for ensuring the safety of meat products.
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1 - [OepxaBHMA HayKOBO-AOCHIAHMWA {HCTUTYT 3 nabopaTopHOi pAiarHOCTMKM Ta
BeTepuHapHoO-caHiTapHOi ekcneptusn, M. KuiB, YkpaiHa, M. KuiB, YkpaiHa, e-mail:
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2 — HauioHanbHuM yHiBepcuTeT GiopecypciB Ta NpupoaoKkopucTyBaHHA, M. KuiB, YkpaiHa
Pe3rome. Capkoyucmo3  8esiukoi  poz2amoi  xydobu  3anuwaemscsi  akmyalsbHO
napasumorioeciyHoto rnpobnemoro y cucmemi nicnsi3abiliHoeao eemepuHapHO-caHimapHo20
KOHmMposno, 3 0270y Ha rnepesaxHo 6e3cumnmomHul nepebie iHeasii ma obmexeHy
iHgbopMamuegHicmb MakpockoridHux memodie diaeHocmuku. Memor pobomu 6yno eusdumu
pigeHb iHeazoeaHOCMIi 8e/IUKoi poeamoi xyOobu CapKoUUCMO30M LWISIXOM MakpOCKOMiYHO20
0ensidy M’Si308UX MKaHUH ma KOMIPECOPHOI MiKpockonii noghapbosaHux 3pi3ig, eusHa4yumu
CMyriHb ypaxXeHHs1 PISHUX aHamoMIYHUX 2pyr M’d3ig, a makox docrioumu mMopgonoaiyHi U
MopchomempuyHi ocobriueocmi Mikpocapkouucm Sarcocystis spp.
Mamepianom Onsi docnidxeHHs criyaysanu 473 3pa3ku M’9308UX MKaHUH (cmpaegoxid, miokapd,
JKyearsibHI M’A3U, M’a3uU 3a0HbOI KiHUieKku, diacbpasma, MixpebepHi m’a3u), eidibpaHi rid yac
nicris3abiliHoeo eemepuHapHO-caHimapHo2o o250y y epydHi 2025 ma ciyHi 2026 pokis.
LiaezHocmuky rnpo8oduriu WiissXoM MakKpOCKOIMiYHO20 0es1si0y 3 BUKOHaHHSIM CepIliHUX po3pi3ie ma
KOMIpecopHOI Mikpockonii rnoghapbosaHux npenapamie i3 nodanbwium MopgHoOMempuyHUM
aHari3oM i3 sukopucmaHHsM Uughpoeoi Mikpockorii ma npoegpamHoz20 3abesnedyeHHsT Imaged.
Y x00i makpockoriyHo2o BGocridKeHHsT Makpouucmu Sarcocystis spp. He 6ynu eusierieHi.
BodHo4ac komrpecopiyMmHa MiKpOCKoris 00380s1usia 6CmMaHo8UmuU Hasi8HICMb MiKpocapKkoyucm
y 105 i3 473 docnidxeHux 3paskKie, wo cmaHosuro 22,2 %. BcmaHosrneHo supaxeHy aHamoMmidHy
HepieHOMIpHICMb [Heasii 3 HaleuwuM piBHEM ypaxeHHs y cmpagoxodi ma m’sa3ax 3alHbol
KiHuieku (0o 72 %). MopgomempudHul aHarnia eusieus 08i OCHOBHI MOPEOIO2idHi hopmu
MiKpocapkoyucm, oearnibHy ma eepemeHonodibHy, sKi i0pi3HsnuUcsa 3a po3Mipamu ma
MKaHUHHOK MPOIrHICMIO.
OmpumaHi pesynbmamu nidmeepoxyrome nameHmHul nepebic capKoyucmosy y eesuKkoi
pozamoi xydobu ma 008005imb 8UCOKY 0iagHOCMUYHY UIHHICMb KOMIIPEeCOPHOI MIiKpOCKonii
rnoghapbosaHux 3pasKkie mKaHUH. 3acmocyeaHHs daHoz20 Memody € 0608’s3koeum Ors
06’eKmuUBHOI OUiHKU pieHS1 iHea3oeaHocmi ma Mnid8uUUWEeHHsT eghekmusHoOCmi eemepuHapHo-
caHimapHo20 KOHmMposito besrneyHocmi M’siCHOI MPodyKUT.
KnroyoBi cnoBa: capkouucTos, Benuka porata xygoba, KomnpecopiymHa MiKpocKomis, M’A30Bi
TKaHWHW, nicnasabiriHa giarHocTuka.
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Abstract. The article presents a comprehensive analysis of modern scientific data on laminitis in
domestic animals, taking into account the specific features of the course of the pathological
process in horses, cattle, sheep and goats. The approaches to understanding laminitis as a
systemic multifactorial syndrome, which is formed as a result of the interaction of metabolic,
endocrine, infectious-toxic and mechanical factors, are summarized. It is shown that the
development of the disease is accompanied by deep microcirculation disorders in the lamellar
apparatus of the hoof, degradation of the dermal-epidermal junction, activation of inflammatory
and ultimately leads to structural destruction of the hoof apparatus and a decrease in animal
productivity.
Particular attention is paid to the analysis of pathogenetic mechanisms taking into account the
type of digestion. It has been established that in horses, as monogastric animals, endocrine and
metabolic disorders play a leading role, in particular hyperinsulinemia, insulin resistance and
imbalance of carbohydrate metabolism, which causes the development of endocrinopathic
laminitis. In cattle, the key triggering mechanism is subclinical rumen acidosis, which is
accompanied by changes in the rumen microbiota, increased blood endotoxin levels and the
development of a systemic inflammatory response. In sheep and goats, laminitis is formed as a
result of a combination of metabolic, infectious and mechanical factors and determines the
variability of clinical and morphological manifestations of the disease.
Biochemical changes characteristic of different stages of laminitis (subclinical, acute and chronic)
is systematized, including increased concentrations of insulin, glucose, triglycerides, activation of
tissue damage enzymes (lactate dehydrogenase, creatine kinase), pro-inflammatory cytokines,
C-reactive protein. It is shown that these indicators can be used for early diagnosis, differentiation
of stages of the disease and prediction of its course. Modern approaches to the diagnosis of
laminitis are also summarized, based on a combination of clinical examination, laboratory studies
and instrumental methods, in particular radiography, ultrasound diagnostics, computed
tomography and motor activity monitoring systems. Morphological, histological and
pathoanatomical changes are characterized, which reflect the progression of the pathological
process from initial microscopic lesions to pronounced hoof deformation, tissue necrosis and
fibrosis.
At the same time, modern approaches to the prevention of laminitis are separately considered,
which include optimization of feeding, control of metabolic status, prevention of subclinical
acidosis, improvement of housing conditions and implementation of early monitoring
technologies. It is emphasized that effective management of laminitis risks is possible only under
the conditions of an integrated approach that takes into account the species characteristics of
animals, the level of their working capacity for horses and productivity for cattle, and technological
conditions of maintenance.
The results of the generalization can be used to improve the system of early diagnosis, prevention
and control of laminitis and will contribute to increasing productivity and improving the welfare of
domestic animals.
Keywords: hoof, inflammatory process, acidosis, endotoxemia, impaired microcirculation,
metabolism, lameness

Laminitis in domestic animals is a complex multifactorial disease characterized by damage
to the lamellar apparatus of the hoof, impaired microcirculation and the development of
degenerative changes in the tissues. This disease is accompanied by metabolic disorders,
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endocrine dysfunctions, inflammatory processes and changes in the microbiota of the digestive
tract (Nocek, 1997; Cook, 2004; Koziy, 2008; Enemark, 2008; Bojkovski, 2023).

Recent studies demonstrate that metabolic products of sugars, particularly methylglyoxal,
can directly damage the lamellar tissue of the hoof, causing structural and histological changes
characteristic of laminitis, as confirmed in ex vivo lamellar explant models in horses (Vercelli,
2021).

Laminitis is particularly relevant for working horses and high-yielding cows, where
metabolic and hormonal mechanisms largely determine the severity of the disease, the level of
productivity and the state of health. (Asplin, 2007; Bailey, 2013; Radzyhovskyi, 2024). Laminitis
in sick animals causes lameness, reduced productivity, and a deterioration in the quality of life of
animals, making it one of the key problems of modern animal husbandry (Clarkson, 1996; Cook,
2003; Greenough, 2007; Sertu, 2024).

Historically, the first scientific descriptions of laminitis in horses appeared in the second
half of the 20th century, when researchers mainly associated the development of the disease with
mechanical overload and circulatory disorders in the hoof. The classic works of Colles and Jeffcott
laid the foundation for understanding laminitis as a vascular pathology. Subsequent studies have
significantly expanded the understanding of the etiology and pathogenesis of the disease, proving
that laminitis is a polyetiological process (Colles, 1977; Greenough, 2007; Vercelli, 2021). In high-
yielding cows, the first detailed observations of laminitis as a factor in metabolic disorders were
presented by Ukrainian researchers and emphasized the role of endocrine and cicatricial
mechanisms in the development of the disease (Nocek, 1997; Koziy, 2008; Mulligan, 2008).

Laminitis is one of the most common causes of lameness in horses and cattle on all
continents, although exact incidence rates vary considerably depending on the species of animal,
housing conditions, type of farm and diagnostic methods (Wylie, 2011). Incidence analyses show
that the incidence of laminitis in horses ranges from approximately 1.5% to 34% across
populations, indicating significant geographical and technological variation (Wylie, 2011). In
Finland, among horses presenting to veterinary clinics with laminitis, about 89% of cases were
associated with endocrinopathies or metabolic disorders, rather than just mechanical injuries.
(Karikoski, 2011).

In cattle, direct data on the incidence of laminitis on a global scale are less common, but
the incidence of associated hoof lesions and lameness ranges from 10% to over 50%, depending
on feeding and housing conditions (Webster, 2001; Bergsten, 2003; Oetzel, 2007; Capion, 2009).
For example, in Turkey, 28.6% of cows were lame, with 82.7% of cases related to hoof lesions
associated with subclinical laminitis (Belge, 2005; Bostanlik, 2025). Monitoring of dairy herds in
Romania showed laminitis incidence of around 20.3% in 2021, 18.6% in 2022 and 17.4% in 2023,
with a clear negative impact on productivity (Popescu, 2013; Kornienko, 2024).

In Ukraine, quantitative data on laminitis are less systematic, due to the limited number of
dedicated open access studies. However, regional observations in Vinnytsia, Donetsk, Lviv and
Cherkasy regions demonstrate a significant proportion of orthopedic hoof pathologies and
lameness, which are often a consequence or accompany laminitis, in line with global trends
(Koziy, 2008; Archer, 2010; Klymas, 2025).

Thus, laminitis is a widespread problem in livestock farming, which limits the performance
of working and sports horses, the productivity of cattle, causes deterioration of the condition of
animals and leads to significant costs, which provide treatment and preventive measures
(Greenough, 2007; Sertu, 2024).

Analysis of recent research and publications. Laminitis in domestic animals is defined
as a systemic multifactorial syndrome manifested by damage to the lamellar apparatus of the hoof
and impaired microcirculation, with the subsequent development of degenerative changes in the
tissues (Boosman, 1991; Greenough, 2007; Faustmann, 2025).
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Modern research proves that laminitis is not only local, but also systemic in nature,
affecting metabolism, the endocrine system, inflammatory processes and the microbiota of the
digestive tract (Sadiq, 2020; Bezpalko, 2023).

Given the multifactorial nature of laminitis, further research focuses on its etiology, which
combines systemic and local factors and determines the animal's predisposition to develop
pathological changes.

Systemic ones include metabolic dysfunctions, endocrine disorders, insulin resistance and
hormonal changes, which can lead to increased concentrations of insulin and glucose in the
blood, and imbalance of lipid metabolism (Asplin, 2007; Bailey, 2013; de Laat, 2014; de Laat,
2019).

Local factors include mechanical overload of the limbs, hoof injuries, infectious processes
and microcirculatory disorders, which contribute to ischemia and degradation of the lamellar layer
(Boosman, 1991; Pollitt, 1996; Hood, 1999). The complexity of the etiology lies in the interaction
of these factors: systemic disorders increase susceptibility to local damage, and injuries or
inflammatory processes in the hoof exacerbate metabolic disorders.

In cows, the main risk factors are subclinical cicatricial acidosis, impaired mineral
metabolism, a highly productive lactation period, and irrational feeding (Bergsten, 2003; Oetzel,
2007; Enemark, 2008). Local factors include mechanical overload of the hooves, injuries and
improper care of the hooves (Greenough, 1997; Sadiq, 2020).

The mechanisms of laminitis development vary depending on the form of the disease.
Acute laminitis in horses and cows is often associated with impaired microcirculation and
inflammatory reactions in the lamellar tissue, leading to detachment of the stratum corneum of
the hoof (Pollitt, 1996; Hood, 1999; Ding, 2020). Metabolic mechanisms include the effects of
hyperinsulinemia on endothelial cells and a reduction in the ability of lamellar tissue to repair or
regenerate (Asplin, 2007; de Laat, 2019).

In cattle, endotoxins and acid-base imbalances are of additional importance in subclinical
cicatricial acidosis (Boosman, 1991; Nocek, 1997).

Clinical signs. Laminitis is characterized by variability of signs and depends on the form
of the disease. Acute laminitis is manifested by sudden lameness, hoof pain, change in posture
and refusal to move (Hood, 1999; Vercelli, 2021).

Chronic forms are characterized by progressive destruction of lamellar tissue, hoof
deformation, and persistent lameness (Greenough, 2007).

Subclinical laminitis often has no obvious external symptoms, making it difficult to
diagnose without the use of special research methods (Mudron, 1996; Koziy, 2008).

The inflammatory component of the disease is manifested by the activation of pro-
inflammatory cytokines, endothelial dysfunction and tissue edema, and increased activity of
matrix metalloproteinases contributes to the destruction of intercellular connections in the lamellar
tissue (Capion, 2009; Ding, 2020).

Biochemical damage to the hoof is accompanied by increased activity of tissue damage
enzymes and an imbalance of antioxidant defense.

Experimental studies in horses have confirmed the key role of metabolic factors in the
development of laminitis: prolonged hyperinsulinemia itself is capable of inducing laminitis in
clinically healthy animals, which emphasizes the importance of endocrine mechanisms in the
pathogenesis of the disease (Asplin, 2007; de Laat, 2019).

Metabolic responses to high glycemic index diets in horses and ponies also suggest a link
between feeding and the risk of laminitis (Bailey, 2013).

In this regard, timely and accurate diagnosis of the disease is of particular importance.
Diagnosis of the disease is based on a comprehensive approach and includes clinical
examination, assessment of gait and posture, laboratory studies of metabolic and inflammatory
markers, as well as instrumental methods (radiography, ultrasound, thermography) (Greenough,
2007; Danscher, 2009; Danscher, 2010). For example, telemetric monitoring of movement allows
you to detect early changes in gait that precede severe lameness, and behavioral changes can
be a significant marker of the initial stages of laminitis (Danscher, 2009; Danscher, 2010).

Based on the identified risk factors and early changes, a comprehensive prevention of
laminitis is formed, it is multi-component and includes feeding control with avoidance of excess
of easily digestible carbohydrates, balancing the diet, prevention of subclinical cicatricial acidosis
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(Oetzel, 2007; Enemark, 2008), monitoring of insulin resistance (Harris, 2006), optimization of
housing conditions, timely hoof trimming (Sadig, 2020) and other management measures
(Bergsten, 2003). Veterinary monitoring of productivity, reliability and motor activity of animals
allows for timely identification of risks for the development of laminitis and adjustment of feeding
and housing.

Despite the implementation of preventive measures, laminitis and related forms of
lameness have been shown to significantly reduce milk yields, reduce live weight gain and reduce
reproductive performance (Archer, 2010; Sertu, 2024). Additional costs to the farm arise from the
need for treatment, specialized care and hoof correction, as well as from the loss of working and
sporting horses, which emphasizes the importance of an integrated approach to prevention and
monitoring of animal health.

Therefore, current scientific publications emphasize and emphasize the need to consider
and study the features of the development of laminitis as a systemic syndrome, including
metabolic, hormonal and inflammatory components, and not only as a local pathology of the hoof
(Eades, 2010; de Laat, 2019). This opens new perspectives for the development of
comprehensive preventive programs that take into account both nutritional and hormonal
metabolic risk factors.

That is why the purpose of the study is to determine the prevalence of laminitis, assess its
impact as a factor in metabolic dysfunctions, and develop approaches to diagnosis and prevention
to increase productivity and maintain the health of domestic animals.

Materials and methods. To prepare the review article, a systematic analysis of the
scientific literature on the topic of laminitis in horses and cattle was conducted. The PubMed,
Scopus, Web of Science and Google Scholar databases were used, in particular, studies related
to the etiology, pathogenesis, risk factors, clinical manifestations and prevention of laminitis. Only
works with reliable methodological data were selected, and information from different sources
was subjected to comparative and analytical synthesis. This approach allowed us to systematize
modern scientific data and identify the main patterns of the development of laminitis and its
prevention.

Results. Pathogenesis of laminitis in domestic animals. Laminitis in domestic animals is
the result of a complex interaction of pathogenetic mechanisms, leading to damage to the lamellar
apparatus of the hoof and disruption of its structural integrity. The pathogenesis of the disease
differs significantly depending on the species of animal, which is due to the characteristics of the
digestive system, metabolism, endocrine regulation and conditions of detention.

In horses, which are monogastric animals, fiber fermentation occurs mainly in the cecum
and colon. Excessive consumption of concentrated feeds, a high content of easily digestible
carbohydrates and abrupt changes in the diet lead to a rapid increase in blood glucose levels,
stimulating insulin secretion and the development of insulin resistance (Table 1).

Table 1
Risk factors for the development of laminitis in domestic animals
Group of factors Examples Animal species
Metabolic Insulin resistance Horses
Nutritional Concentrates Cattle
Mechanical Hard floors All
Infectious Endotoxins Cattle

Chronic hyperinsulinemia and insulin regulation imbalance disrupt the function of the
endothelial microvessels of the lamellar apparatus, reduce vasodilation and increase capillary
permeability. This leads to local edema, impaired blood supply and oxygen metabolism in the
epidermal and dermal layers of the hoof. At the cellular level, pro-inflammatory signaling pathways
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are activated, the expression of cytokines (TNF-a, IL-1B, IL-6) and inducible oxide synthase
(iINOS) increases, which causes the accumulation of free radicals and oxidative stress, with the
destruction of the basement membrane of the epidermis and the degradation of lamellar
structures (Belknap et al., 2007).

Increased pressure on the hoof apparatus due to physical exertion, insufficient trimming
or hard surfaces increases mechanical damage and contributes to the progression of
degenerative changes (van Oldruitenborgh Oosterbaan, 1999; Hood, 1999; Asplin, 2007; Bailey,
2013).

Pathogenetic mechanisms of laminitis in cattle, which are polygastric animals, are mainly
associated with impaired rumen digestion and endotoxin intoxication. Thus, in subclinical rumen
acidosis (SARA), the rumen microbiota changes, the level of lipopolysaccharides (endotoxins)
increases, which are absorbed into the bloodstream and activate a systemic inflammatory
response. At the level of the lamellar apparatus, endotoxins cause endothelial dysfunction,
increase leukocyte adhesion, enhance the expression of intercellular adhesion molecules (ICAM-
1, VCAM-1) and activate the synthesis of pro-inflammatory cytokines. This leads to impaired
capillary hemodynamics, local edema, ischemia and oxidative tissue damage. At the same time,
high-yielding cows that stand on hard surfaces for long periods of time are exposed to mechanical
stress, which increases stratum corneum degradation and the formation of chronic laminitis
(Boosman, 1991; Oetzel, 2007; Enemark, 2008; Ding, 2020).

In sheep and goats, the pathogenesis of laminitis is often combined and includes
metabolic, nutritional, mechanical and infectious factors. Excessive introduction of concentrates
into the diet and a deficiency of coarse fibers can cause carbohydrate metabolism disorders and
microcirculatory changes in the hoof, while prolonged stay on wet, dirty or hard litter increases
the mechanical load on the lamellar apparatus. The lesion is accompanied by activation of the
local inflammatory reaction, degradation of horny structures and disruption of the integrity of the
basal membrane of the epidermis. In this group of animals, a combination of factors plays a
particularly important role: for example, endotoxinemia due to infectious-toxic processes in the
gastrointestinal tract increases mechanical damage and degradation of the stratum corneum
(Table 2) (Boosman, 1991; Lischer, 1994).

Table 2
Comparison of the pathogenesis of laminitis by animal species

Animal type | Key mechanism Trigger Main pathogenetic links

. . Subclinical cicatricial . L .
Cattle Metabolic-toxic acidosis (SARA) Endotoxinemia, inflammation

Microcirculation disorders,

Horse Endocrinopathic Hyperinsulinemia basement membrane
degradation
Sheep/Goat Combined Feeding + conditions Inflammation + mechanical stress

Thus, the pathogenesis of laminitis in domestic animals is multifactorial and specific for
each species: in horses, endocrine and metabolic disorders play a leading role, in cattle — feed,
infectious-toxic and hemodynamic changes, and in sheep and goats - a complex of metabolic,
feed and mechanical factors. These processes determine local changes in lamellae,
microcirculation disorders, stratum corneum degradation and systemic biochemical imbalances,
which directly determine the formation of clinical manifestations and severity of laminitis.

Clinical picture of laminitis in domestic animals. In this regard, the clinical picture of the
disease in domestic animals is characterized by species-specific characteristics, variability of
symptoms, and different dynamics of the development of the pathological process (Table 3).
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Table 3
Clinical symptoms (systematized)
Symptom Horses Cattle Sheep/Goats
Pain Pronounced Moderate/Extreme Variable
Position “Backward deviation” Cautious gait Constrained gait
Hoof Temperature 1 1 t
Performance l |mpa|r_ec_j motor | milk | increments
activity

In horses, the course of laminitis is closely related to endocrine and metabolic disorders,
and in the early, subclinical stages may manifest only with minor changes in behavior and motor
activity. Animals become less active, there is periodic weight transfer from one limb to the other,
a slight increase in local hoof temperature and pulsation of the digital arteries, and often remains
unnoticed without specialized control (Asplin, 2007; Belknap, 2007; Danscher, 2010; Bailey,
2013).

As the acute stage progresses, horses develop a characteristic clinical picture:
pronounced lameness, reluctance to move, a typical “laminitis posture”, which is associated with
local inflammation and increased expression of cytokines in the lamellae (Belknap, 2007) with
weight transfer to the hind limbs and forelimbs forward, which is caused by pain in the hoof area.
There is increased pulsation of the digital arteries, local hyperthermia, pain on palpation and
testing of the hoof, and in severe cases, rotation or lowering of the third phalanx, which is
confirmed by instrumental methods (Hood, 1999; Vercelli, 2021). The chronic course in horses is
characterized by persistent morphofunctional changes: hoof deformation, formation of so-called
"laminite rings", expansion of the white line, decreased elasticity of the stratum corneum, and
prolonged lameness, which significantly limits the working capacity and sporting use of animals.
(O’Grady, 2008; Wylie, 2011).

In cattle, clinical signs of the disease are often subclinical or chronic, making timely
diagnosis difficult. In the initial stages, decreased activity, changes in posture, cautious gait,
increased lying time, and reduced feed intake are noted (Cook, 2003; Danscher, 2009).
Subclinical laminitis in cows often manifests as hemorrhages in the sole of the hoof, yellow spots
of the stratum corneum, and minor abnormalities in the growth of the hoof horn, which are
detected only when examining or trimming the hoof (Mudron, 1996; Zhao, 2020). In clinically
pronounced cases, lameness of varying degrees, gait asymmetry, pain when loading the limbs,
and the development of complications in the form of plantar ulcers, double soles, and white lines
are observed (Bergsten, 2003; Greenough, 2007). The chronic course is accompanied by
persistent lesions of the ungulates, which leads to a decrease in milk yield, deterioration of
reproductive performance and the general condition of the animals (Capion, 2009; Archer, 2010).

In sheep and goats, the clinical manifestations of laminitis are less specific, but are
important in intensive housing conditions. In the early stages, lameness, limited mobility, frequent
lying down, and changes in the shape and structure of the hoof are noted. Later, deformities of
the hoof horn, its delamination, increased fragility and susceptibility to secondary infections
develop, which can complicate the course of the disease (Lischer, 1994). In these species,
housing conditions play a significant role, in particular, the humidity of the litter and the density of
the animals, which contribute to the chronicity of the process.

Thus, the clinical course of laminitis in domestic animals is characterized by significant
variability and depends on the type of animal, conditions of detention and stage of the disease.
In the end, acute and endocrinopathic forms with pronounced pain syndrome and local
inflammatory process in the lamellae predominate, which is confirmed by increased activity of IL-
1B, IL-6, TNF-a (Belknap, 2007), in cattle - subclinical and infectious course with gradual
development of affected hooves, while in sheep and goats clinical manifestations are often
associated with conditions of detention and tend to become chronic. This necessitates a
differentiated approach to the diagnosis, treatment and prevention of laminitis in different types
of domestic animals.
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Biochemical changes in laminitis. Taking into account the stages of the pathological
process, the development of laminitis in domestic animals is characterized by specific
morphofunctional and biochemical changes. Laboratory methods include the determination of
biochemical indicators that allow differentiating the stages of laminitis. At the subclinical stage,
clinical manifestations are often absent, but biochemical changes already allow detecting the
pathological process. Among them, a moderate increase in plasma insulin by 15-25% is
observed, which reflects early metabolic control disorders, as well as an increase in glucose levels
by 10-20% (Table 4) (Asplin, 2007; Bailey, 2013; Delarocque, 2021).

The concentration of triglycerides and free fatty acids in the blood increases by 5-15%,
which signals initial disorders of lipid metabolism (Zhao, 2020). At the same time, markers of
oxidative stress are noted - malondialdehyde (MDA) increases by 15-20%, and the activity of
antioxidant enzymes, such as superoxide dismutase (SOD) and catalase, remains at the lower
level of the norm (Treiber, 2009). In the blood plasma, a moderate increase in the pro-
inflammatory cytokines TNF-a and IL-6 by 10-20% is observed, which indicates an early systemic
inflammatory response (Belknap, 2007; Zhao, 2020).

Locally in the lamellar apparatus, edema, hyperemia, and initial degenerative changes in
the basal membrane of the epidermis are noted (Treiber, 2009).

Moving on to acute (clinical) laminitis in cattle, the manifestations become more
pronounced: animals demonstrate lameness, pain when supporting the limbs, the affected
hooves become hot and sensitive to the touch. Biochemically, at this stage, a significant increase
in insulin and glucose is noted - 50-70% above normal, which reflects a violation of endocrine
control. The activity of the enzymes lactate dehydrogenase (LDH) and creatine kinase (CK)
increases by 1.5-2 times, which indicates damage to the muscles and tissues of the hoof
(Belknap, 2007; Delarocque, 2021). At the same time, markers of systemic inflammation increase
— C-reactive protein (CRP) by 2-3 times, TNF-a and IL-6 by 50-70%, and the level of MDA
increases by 40-50%, which indicates pronounced oxidative stress (Harris, 2006; Treiber, 2009).
Local microcirculatory disorders lead to ischemia and necrosis of the stratum corneum. These
changes confirm an active systemic inflammatory response, combined with local ischemia of the
lamellar apparatus (Belknap, 2007; Harris, 2006).

Table 4
Clinical course and main biochemical changes in domestic animals during the
development of laminitis

Animal type Stage Main biochemical changes Indicators
Horses Subclinical 1 insulin, 1 glucose (slightly), |nSU:iJIC;§;2555u_|éJ/5mL,
1+ MDA, 1 TNF-q, IL-6 9 e
Horses Acute Significant 1 insulin, 1 LDH, | LDH 400-600 U/L, CK
1 CK, 1 CRP, 1 free radicals 350-500 U/L
Insulin resistance, fatty acid o
Horses Chronic imbalance, low antioxidant MDA 1 20_30?” SOD
L 1 10-15%
activity
Cattle Subclinical 1 LPS, moderate 1 TNF-a LPS 0.5-1.0 EU/mL
Significant 1 lactate, 1
Cattle Acute cytokines, 1 CRP Lactate 2—4 mmol/L
Cattle Chronic Moderate 1 inflammatory TNF-a 5-10 pg/mL
markers
Sheep, goats Subclinical Moderate changes in insulin |\ iy 1020 yiu/mL
and inflammatory markers
- 1 inflammatory cytokines, A
Sheep, goats Clinical metabolite imbalance TNF-a 8-12 pg/mL

Chronic laminitis in cows and bulls is characterized by persistent hoof deformity, lamellar
fibrosis, and gait mechanics disorders. Biochemically, persistently elevated insulin (60—90%
above normal), prolonged lipid profile imbalance, and low antioxidant system activity (SOD,
catalase 30—40% below normal) are noted (Zhao, 2020). Proinflammatory cytokines TNF-a and
IL-6 remain moderately elevated by 30-50%, CRP by 20—-40%. Locally, dystrophy of horny
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spines, degeneration of the basement membrane, and chronic infiltration by lympho- and
neutrophils are noted in the lamellae (Treiber, 2009).

In sheep and goats, the pathogenesis of laminitis has specific features due to the
characteristics of the digestive system and housing conditions. In the subclinical stage, even in
the absence of obvious lameness, a moderate increase in insulin (10—-20%), glucose (5-15%),
and triglycerides (5—-10%) is noted (Zhao, 2020). There is activation of oxidative stress (MDA
+10-15%, SOD — decrease by 5-10%) and a moderate increase in TNF-a and IL-6 (+10-15%).
Locally, edema, hyperemia, and initial degenerative changes of the basement membrane are
observed in the lamellae (Treiber, 2009).

In the acute stage, clinical signs become noticeable: lameness, soreness, increased hoof
temperature. Biochemical indicators reflect pronounced disorders: insulin +40—-60%, glucose
+20-35%, LDH and CK are increased by 1.5-2 times, and the MDA level increases by 30-50%
(Delarocque, 2021). Pro-inflammatory cytokines TNF-a and IL-6 increase by 40—-60%, CRP — 2
times (Zhao, 2020).

In chronic laminitis in sheep and goats, hoof deformities, lamellar fibrosis and chronic
inflammation are accompanied by biochemical disorders: constantly high insulin (50-80% above
normal), lipid profile disorders, reduction of antioxidant activity by 30—-40%, TNF-a and IL-6 +30—
50%, CRP +20-40%. Locally — degeneration of the basement membrane, dystrophy of the horny
spines, infiltration by lympho- and neutrophils and fibrosis of the lamellar apparatus (Treiber,
2009; Zhao, 2020).

Thus, biochemical markers in different species of domestic animals allow not only to
diagnose laminitis in the early stages, but also to determine the stage of the disease and predict
its course. In horses, the key is the control of insulin and markers of oxidative stress (Delarocque,
2021), in cattle - monitoring of endotoxemia, LDH, CK and inflammatory cytokines (Zhao, 2020),
in sheep and goats - a combination of metabolic and inflammatory indicators together with an
assessment of housing conditions and mechanical load on the limbs (Treiber, 2009; Zhao, 2020).
A comprehensive analysis of these indicators allows for a differential assessment of subclinical,
acute and chronic forms of laminitis and to direct preventive and therapeutic measures.

Diagnosis of laminitis. Given the variety of biochemical, morphological and functional
changes, timely detection of laminitis requires the use of a comprehensive diagnostic approach.
Diagnosis of laminitis in domestic animals includes clinical assessment, laboratory studies and
modern instrumental methods that provide accurate identification of the stage of the disease and
justification for the choice of therapeutic and preventive measures (Table 5) (O’'Grady, 2008;
Vercelli, 2021).

Table 5
Differential diagnosis of laminitis in domestic animals

Animal Method What reveals Morphological/histological Pathological and anatomical
type changes changes
Swelling of the . . Initial edema of the
Swelling, hyperemia, :
lamellar layer, ; subcutaneous tissue, weak
Horses Ultrasound . degeneration of the P g
displacement of the lymphocyte infiltration, minimal
basement membrane .
3rd phalanx necrosis of the stratum corneum
. . . Deformation of the sole, bone
Horses X-ray | CT Rotation or lowering of | Necrotic changes of the erosions, displacement of the
the 3rd phalanx lamellar layer
phalanx
Laboratory - Initial hemorrhages in the
Cattle (LPS, _Subdlinical Plantar hemorrhages, dermis, mild infiltration by
. inflammation edema .
cytokines) neutrophils
Degenerative changes in the
Cattle X-ra Extent of hoof Ulcers, subendothelial dermis and epidermis,
y damage edema thickening of the stratum
corneum
Sheep, Lameness, Hoof deformity, initial Local NEecrosis .Of the stratum
X-ray . . . . corneum, initial fibrous changes
goats inflammation fibrosis .
in the lamellar layer
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In cattle, subclinical laminitis is often associated with subclinical cicatricial acidosis and
elevated endotoxin levels, which trigger a systemic inflammatory response. Biochemically,
moderate elevations in proinflammatory cytokines, markers of oxidative stress, and impaired
microcirculation are observed (Boosman, 1991; Cook, 2004; Harris, 2006; Belknap, 2007; Zhao,
2020; Ding, 2020). The acute stage is accompanied by pronounced inflammatory changes,
increased lipase, protease, C-reactive protein, and impaired hoof hemodynamics. The chronic
stage shows long-term structural changes in the stratum corneum, rotation and lowering of the
phalanx, impaired microcirculation, and decreased performance (Greenough, 2007; Koziy, 2008;
Archer, 2010).

Instrumental diagnostics allows to detect pathological changes in the early stages.

Radiography is used to assess the angle of rotation and descent of the third phalanx in
horses, the thickness of the stratum corneum and the presence of plantar defects in cattle (Cook,
2004; O’Grady, 2008; Vercelli, 2021).

Ultrasound (US) allows assessment of soft tissue edema, lamellar blood flow, and early
degenerative changes, which is particularly useful in subclinical laminitis and is confirmed by
increased expression of pro-inflammatory cytokines in lamellae (Hood, 1999; Asplin, 2007;
Belknap, 2007; Vercelli, 2021).

Computed tomography (CT) provides three-dimensional assessment of bone and horn
structures, accurate determination of phalanx rotation, and surgical planning (O’Grady, 2008;
Vercelli, 2021).

Magnetic resonance imaging (MRI) provides high-resolution soft tissue detail, early
detection of degenerative changes in lamellae, and impaired blood flow (Pollitt, 1996; Vercelli,
2021). Additionally, thermography and laser Doppler are used to assess local temperature and
microcirculation, which allows differentiation of early stages of laminitis (Bailey, 2013; Vercelli,
2021).

Comprehensive diagnostics of laminitis, including clinical assessment, laboratory markers
and instrumental methods, allows to accurately determine the stage of the pathological process,
predict the risk of progression and choose the optimal therapeutic strategy. In horses, it is
especially important for the early detection of endocrinopathic forms of laminitis, in cattle - for the
assessment of the consequences of SARA and systemic endotoxemia, and in sheep and goats -
for the control of combined nutritional, mechanical and infectious factors (Boosman, 1991;
Lischer, 1994; Cook, 2004; Asplin, 2007).

Morphological changes in laminitis in domestic animals are complex, multi-level and reflect
both local lesions of the lamellar apparatus of the hoof and systemic disorders that underlie the
pathogenesis of the disease. At the macroscopic level, horses, cattle, sheep and goats exhibit
characteristic changes in the hoof horn and underlying structures, the severity of which depends
on the stage and duration of the pathological process. In the initial stages, especially in the
subclinical course, macroscopic changes may be barely noticeable, but already at this stage,
there are disturbances in the color of the stratum corneum in the form of yellowish or grayish
areas corresponding to areas of impaired blood supply and microhemorrhages (Mudron, 1996;
Enemark, 2008; Zhao, 2020).

In cattle, a typical sign is saline hemorrhages, localized mainly in the sole and white line,
indicating chronic microcirculation disorders and increased pressure on the hoof dermis
(Greenough, 2007; Enemark, 2008; Zhao, 2020).

In horses, in the acute stage, there is an increase in hoof temperature, soreness, and as
the process progresses, rotation or distal displacement of the third phalanx, accompanied by
deformation of the hoof capsule and a change in its configuration (Hood, 1999; Vercelli, 2021).
Chronic laminitis is characterized by the formation of so-called “laminitis rings”, thickening and
deformation of the hoof wall, widening of the white line, development of a double sole, and in
severe cases, stratum corneum detachment and the formation of chronic ulcers (Weaver, 2005;
Greenough, 2007). In sheep and goats, macroscopic changes are often combined with signs of
hoof rot and secondary infections, which complicates the course of laminitis and contributes to
the development of necrotic processes (Lischer, 1994).

At the histological level, the key manifestation of laminitis is damage to the dermal-
epidermal junction of the lamellar apparatus. Early changes include lamellar edema, capillary

I  One Health Journal. 2026. Vol. 4. N. 3 I
62



Section 3

dilation, disruption of the basement membrane, and epidermal cell disorganization (Pollitt, 1996;
Hood, 1999; Belknap, 2007).

In horses, early changes include lamellar edema, capillary dilation, disruption of basement
membrane integrity, and epidermal cell disorganization (Pollitt, 1996; Hood, 1999). An important
pathomorphological mechanism is the activation of matrix metalloproteinases, which leads to
degradation of basement membrane components and loss of dermis-epidermal junction, clinically
manifested by a weakening of the attachment of the hoof wall to the underlying tissues (Pollitt,
1996; van Oldruitenborgh Oosterbaan, 1999).

In cattle, the histological changes are somewhat different and include hyperemia, blood
stasis, microthromboses in the dermal vessels, perivascular infiltration by neutrophils and
lymphocytes, and degeneration of keratinocytes (Boosman, 1991; Ding, 2020; Zhao, 2020). In
subclinical laminitis in cattle, microscopic hemorrhages, impaired keratinization, and a decrease
in the quality of the stratum corneum are observed, which creates the prerequisites for the
development of secondary lesions, such as plantar ulcers or white line disease (Mudron, 1996;
Greenough, 2007).

In sheep and goats, the histological changes are characterized by a combination of
lamellar damage with pronounced inflammatory processes, often complicated by bacterial
infection, which leads to tissue necrosis and destruction of the stratum corneum (Lischer, 1994).

Pathological and anatomical changes in laminitis reflect hoof damage, changes in internal
organs associated with metabolic and inflammatory disorders.

In horses with acute laminitis, pronounced circulatory disorders in the lamellar apparatus
are noted, including ischemia, venous stasis and edema, which leads to tissue necrosis and hoof
wall detachment (Hood, 1999; Vercelli, 2021). In chronic cases, fibrous changes, tissue
remodeling and persistent hoof deformation are formed.

In cattle, pathoanatomical changes are often associated with the sequelae of subclinical
laminitis and manifest as plantar hemorrhages, ulcers, abscesses, and hoof deformities,
accompanied by changes in the scar, including signs of acidosis, mucosal damage, and the
presence of high levels of volatile fatty acids (Nocek, 1997; Enemark, 2008; Mulligan, 2008).
Cattle may also exhibit systemic changes, including hepatodystrophy, inflammation, and signs of
intoxication associated with endotoxemia (Boosman, 1991; Mulligan, 2008). In sheep and goats,
pathological and anatomical changes are characterized by a combination of laminitis with
infectious lesions of the hoof, which leads to the development of purulent-necrotic processes, the
spread of inflammation to deeper tissues and, in severe cases, to systemic intoxication (Lischer,
1994).

Thus, morphological, histological and pathological and anatomical changes in laminitis in
domestic animals form a single pathogenetic complex, in which local damage to the lamellar
apparatus is inextricably linked with systemic metabolic, vascular and inflammatory disorders.
The specific features of anatomy, physiology and digestion determine the nature and severity of
these changes, which must be taken into account in the diagnosis, treatment and prevention of
laminitis in horses, cattle, sheep and goats.

Laminitis prevention. Modern approaches to the prevention of laminitis in domestic
animals are based on the understanding of it as a systemic multifactorial syndrome, requiring a
comprehensive impact on metabolic, nutritional, mechanical and management risk factors.

In horses, control of endocrine status and carbohydrate metabolism is of key importance,
since hyperinsulinemia and insulin resistance are considered to be the leading mechanisms for
the development of endocrinopathic laminitis. Limiting the intake of non-structural carbohydrates
with feed, using diets with a low glycemic index, gradual transition between feeding types and
body weight control are basic preventive measures, the effectiveness of which has been
confirmed by experimental and clinical studies (Harris, 2006; Asplin, 2007; Bailey, 2013). An
important element is regular monitoring of insulin, glucose and lipid profile levels, which allows for
timely identification of animals at increased risk of laminitis and early correction of metabolic
disorders (Karikoski, 2011; de Laat, 2019). In addition to feeding, conditions of maintenance and
operation play a significant role: a sufficient level of physical activity, avoiding prolonged standing
on hard surfaces, proper forging and regular correction of hooves ensure optimal load distribution
on the limbs and reduce the risk of damage to the lamellar apparatus (O’Grady, 2008; Sadiq,
2020).
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In cattle, the prevention of laminitis is closely linked to the control of feeding and the
prevention of subclinical ruminal acidosis (SARA), which is one of the key factors in the
development of the pathology. Diets should be balanced in terms of fiber and concentrates, with
sufficient structured fibers to stimulate the rumen and stabilize the pH of the rumen. The gradual
introduction of concentrates, the use of buffering additives and control of the structure of the diet
can reduce the risk of acidosis and the associated endotoxemia (Nocek, 1997; Oetzel, 2007;
Enemark, 2008).

Herd management is also essential: optimizing housing conditions, providing comfortable
flooring, sufficient resting space and regular hoof trimming are critical factors in preventing
laminitis and associated hoof horn lesions (Webster, 2001; Bergsten, 2003; Sadiq, 2020).

In high-producing cows, special attention is paid to the transition period, when metabolic
stress and dietary changes can contribute to the development of laminitis, which justifies the need
for metabolic monitoring and early intervention (Mulligan, 2008; Koziy, 2008). Preventive
measures in cattle also have a significant economic effect, as a decrease in the incidence of
laminitis is directly related to increased productivity and reduced milk losses (Archer, 2010; Sertu,
2024).

In sheep and goats, the prevention of laminitis has its own characteristics, associated
with a combination of metabolic, infectious and mechanical factors. The diet should be adapted
to the physiological needs of the animals, limiting the excess intake of concentrates and providing
a sufficient amount of roughage, which helps stabilize digestion and reduce the risk of metabolic
disorders. Housing conditions play a significant role: dry, clean bedding, regular disinfection of
premises and humidity control reduce the risk of infectious lesions of the hoof and the
development of secondary laminitis (Lischer, 1994). Regular trimming of hooves, control of the
load on the limbs and prevention of injury are necessary components of prevention, especially in
conditions of intensive livestock farming. An important modern direction in the prevention of
laminitis in all types of domestic animals is the introduction of early monitoring and diagnostic
systems. The use of telemetric systems for monitoring activity, gait and behaviour allows for the
detection of early changes characteristic of subclinical laminitis, even before the appearance of
pronounced clinical signs (Danscher, 2009; Danscher, 2010). The combination of such
technologies with laboratory monitoring of biochemical parameters, including insulin, glucose,
markers of inflammation and oxidative stress, creates opportunities for an individualized approach
to prevention and risk management (Bailey, 2013; de Laat, 2019).

Thus, modern prevention of laminitis in domestic animals is based on an integrated
approach that takes into account the species-specific characteristics of digestion, metabolism,
housing and exploitation. In horses, the key is the control of endocrine and metabolic factors, in
cattle - the prevention of acidosis and the optimization of herd management, while in sheep and
goats - a combination of measures regarding feeding, hygiene and infection control. The
implementation of these measures allows not only to reduce the incidence of laminitis, but also
to improve the overall health of animals and increase the efficiency of livestock farming.

Discussion. Laminitis is a serious disease that affects the performance and health of
livestock, particularly horses and cattle. Studies show that the prevalence of lameness in dairy
cows can range from 10—40%, depending on housing conditions and feeding systems (Clarkson,
1996; Cook, 2003; Capion, 2009). Laminitis is often associated with metabolic disorders, including
insulin resistance and impaired carbohydrate metabolism, as supported by studies in horses and
ponies (Asplin, 2007; Bailey, 2013; Stefaniuk, 2023).

One of the key mechanisms of laminitis development is increased prolonged
hyperinsulinemia, which stimulates laminar inflammation and destabilization of the hoof basement
membrane (Pollitt, 1996; de Laat, 2014; Vercelli, 2021). In cattle, acute and subclinical laminitis
often occurs against the background of cicatricial digestive disorders, in particular subclinical
cicatricial acidosis (SARA), which causes endotoxin release and inflammatory reactions
(Boosman, 1991; Nocek, 1997; Enemark, 2008). Oligofructose overload has also been shown to
have a provocative effect on the development of lameness in cattle (Danscher, 2009; Ding, 2020).

Clinical signs of laminitis include behavioral changes, lameness, increased sensitivity to
hoof pressure, and loss of performance (Danscher, 2010; Archer, 2010). In addition, there is
evidence of an association between infectious processes such as mastitis and the development
of acute laminitis in cows (Zhao, 2020; Faustmann, 2025).
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Prevention and control of the disease are based on a comprehensive approach: diet
optimization, body weight control, restriction of high-glycemic feed intake, correction of metabolic
disorders, regular hoof examination and shoeing (Webster, 2001; Harris, 2006; O’Grady, 2008).
In addition, early diagnosis is an important aspect, which reduces the risk of chronic laminitis and
loss of productivity (Greenough, 2007; Koziy, 2008; Bojkovski, 2023).

Current research highlights that laminitis is a multifactorial disease where genetic,
metabolic, inflammatory and management factors interact. Further research should focus on the
molecular mechanisms of inflammation in laminar tissue, interactions with metabolic disorders
and the development of new prevention and treatment strategies (de Laat, 2019; Delarocque,
2021; Menzies-Gow, 2025).

Thus, timely diagnosis, control of metabolic disorders and comprehensive preventive
measures allow not only to reduce the risk of laminitis, but also to increase productivity and ensure
the well-being of domestic animals.

Conclusions. Laminitis in domestic animals is a complex systemic multifactorial
syndrome, the development of which is due to the interaction of metabolic, endocrine, infectious-
toxic and mechanical factors. The key role in the pathogenesis is played by impaired
microcirculation of the lamellar apparatus, degradation of the dermal-epidermal junction and
activation of inflammatory and oxidative processes, which leads to the destruction of the hoof
apparatus and reflects systemic changes in the body. The disease has a progressive nature: from
subclinical metabolic and biochemical changes (increased insulin, glucose, markers of
inflammation and oxidative stress) to clinically pronounced forms with deep structural changes,
hoof deformation, tissue necrosis and chronic destruction of lamellae. Clear species-specific
features of the pathogenesis of laminitis have been established: in horses, endocrine and
metabolic disorders (hyperinsulinemia, insulin resistance) prevail, in cattle - subclinical cicatricial
acidosis with endotoxemia and systemic inflammatory response, in sheep and goats - the
combined effect of metabolic, infectious and mechanical factors, which determines the variability
of manifestations. Differential diagnostics of laminitis should be based on a comprehensive
approach, including the assessment of clinical signs and stage of the course, analysis of
biochemical indicators, as well as morphological, histological and pathological-anatomical
studies, which allows for timely detection of the disease and distinguishing it from other hoof
pathologies. Effective prevention and control of laminitis are possible only under the conditions of
a comprehensive approach, which involves optimizing feeding, controlling metabolic status,
improving housing conditions and using modern monitoring methods. Early diagnosis of
subclinical forms is key to preventing the development of severe and chronic stages and reducing
economic losses.
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Pe3rome. Y cmammi npogedeHo KOMIMIIeKCHUU aHarsli3 Cy4acHUX HayKkogux 0aHux wodo famiHimy
y c8ilicbKUX meapuH i3 ypaxysaHHsm eudosux ocobriueocmeli rnepebiay namonoziyHo2o rpouecy
Y KOHel, genukoi poeamoi xydobu, oseup i Ki3. Y3az2asibHeHO idxo0u 00 pO3yMiHHST flaMiHimy sK
CUCMEMHO20 MYyribmu@aKkmopHo20 CuHOpoMy, SKul ¢hopMyembcss 6Hacsi0ok e3aemoOlil
memabosniyHux, eHOOKPUHHUX, iIHQbeKUilIHO-MOKCUYHUX ma MexaHiYHUX YUHHUKI8. [Toka3aHo, wo
PO3BUMOK 3ax80pto8aHHSI CyrnpoB8oOXyembCsi 21UGOKUMU MOPYUWEHHSMU MIKPOUUPKYIAyii y
namernsapHoMy anapami Koruma, Oezgpadaujero OepmaribHO-enidepmarnibHO20 3’€0HaHHS,
akmuseauiero 3anasibHUx I 8 KiHyeeomy pesyrnbmami npuseodums 0o cmpykmypHoi decmpykuil
KOnummHoeo arnapamy ma 3HUXeHHS MpodyKmUueHOCMIi meapuH.
Ocobnugy ysacy npudineHo aHarnidy namo2eHemMuUYHUX MEeXaHi3Mie i3 ypaxyeaHHSIM mury
mpaerneHHs. BcmaHoeneHo, Wo y KOHel, K MOHO2acmpuYHUX meapuH, MpOoeiOHy porib
gidieparomsb €HOOKPUHHO-MemabosiiyHi MOpYyUWeHHs, 30Kpema einepiHcyniHemis,
iHCyniHope3ucmeHmHicmb i AucbanaHc 8yarie800HO20 O6MIHY, WO 06yMO8/IIE PO3BUMOK
eHOOKpUHOMamu4Ho20 f1amiHimy. Y eesnukoi poezamoi xydobu Kio4o8UM yCKOBUM MEXaHi3MOM
€ cybkniHiYHUlU pybuesuli ayudos, WO CyrnpoeoOXyembCsa 3MiHamu Mikpobiomu pybus,
nidsuweHHsaM pigHsI eHOOMOKCUHI8 Yy Kpoei ma po38UMKOM cUCmMeMHOI 3anarsbHoi 8idnoeidi. Y
oseub i Ki3 namiHim ¢popmyembcsi 8HacidoK rnoedHaHHS MemaboniyHuX, IHeKUuilHUX |
MexaHIYHUX YUHHUKI8 ma e8u3Hayae eapiabernibHicmb KIliHIYHUX | MOPEhOsio2iYHUX rposieie
3aX80pHBaHHS.
CucmemamusoeaHo bioxiMidHI 3MiHU, xapakmepHi s pi3Hux cmadil namiHimy (CybKniHIYHOI,
20cmpoi ma XPOHIYHOI), BKMoYarydu MiOBUWEHHS KOHUEeHmpauii IHCymniHy, alloKo3U,
mpueniyepudie, akmusauito chepMeHmie MKaHUHHO20 YWKOOXKEHHs (rakmamaoezidpozeHasu,
KpeamuHKiHa3u), nposanasbHux yumockiHie, C-peakmueHo20 binky. [MokaszaHo, Wo Yi MoKa3HUKU
MOXymb  8uKopucmosygsamucss 0ns  paHHbOi  QiaeHocmuku, OucgpbepeHujauii  cmadil
3ax80pr08aHHS ma rpo2Ho3y8aHHs (1020 nepebiey. TakoxX y3aeallbHEHO cydacHi nidxodu Ao
OiaeHocmuku namiHimy, wo 6a3yromscsi Ha rnoedHaHHi KIiHiYHO20 obcmexxeHHs, TlabopamopHuUx
oocnidxeHb | iHCMpyMeHmarnbHUX Memodie, 30Kpema peHmaeHozpaii, yrnbmpassyKosor
OlaeHOCMUKU, KOMIMT'IomepHoi momozpachii ma cucmemM MOHIMOPUHay PyXo80i akmueHOCMI.
HasedeHo xapakmepucmuky MOpghosioaiyHuXx, 2icmosio2idHux i namosio2o-aHamoMIidYHUX 3MiH,
SKi 8idobpaxkaromb rpoepecy8aHHs Namorsio2iyHO20 Mpoyecy 8i0 MoYamko8uX MIKPOCKOMIYHUX
ywKoOxeHb 00 supaxkeHoi 0eghopmauii Kornuma, HEKPO3y MKaHUH i ¢hibpo3y.
BoOHouac, okpeMo po3arisiHymo cydacHi nioxodu 00 rpoginakmuku famiHimy, siKi 8Kro4yaromas
onmumizauito 200ieni, KoHmMposne MemaborniyHo2o cmamycy, 3arnobieaHHs Cy6KMiHIYHOMY
ayudosy, MoOKpaWeHHsI yMO8 ympuMaHHs ma ernposadXeHHs MmexHosoeil pPaHHbO20
MoHimopuHay. [MidOKkpecrneHo, wo ehekmusHe yrnpaessiiHHs pudukamu famiHimy Moxrnuee nuwe
3a ymoe iHmezpogaHo20 Midxody, sAKul epaxosye eudosi ocobrueocmi meapuH, pieeHb ix
npaye3damHocmi 0n1s KoHel i podyKkmueHOocmi 0118 8eslUKoi po2amoi Xy0obu ma mexHO102i4Hi
YMOBU ympPUMAaHHS.
Pesynbmamu y3azanbHeHHs1 MOXymb 6ymu eukopucmaHi 0Ons ydOCKOHasleHHs cucmemu
PaHHbLOI OilaegHOCMUKU, MpPOinakmuKku ma KOHmMpOIo namiHimy i cripusmume nideuweHHo
npodykmueHocmi i MoKpauweHHIO 0o06pobymy ceilicbKUX meapuH.
Knro4yoBi cnoBa: konuTo, 3ananbHWi npouec, MopdonorivHi 3MiHW, aungos, eHAOTOKCUHEMIS,
NopyLUEHHS MiKpoLMpKynsUii, 0OMiH pe4OBUH, KynbrasiCTb.
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KypHan  3acHoBaHun 25  xoBTHA 2022 p. [depxaBHUM  HayKoOBO-AOCHIOHUM
iHCTUTYTOM 3 nabopaTopHOi [AiarHOCTMKM Ta BETEPUHAPHO-CaHiTapHOI ekcnepTu3n Ta
[pomaacbkol opraHizauieto  “lHcTuTyT €pamHoro 3popos’s”. BugaHHA  3apeecTpoBaHe
MiHictepctBOM tocTuuii  YkpaiHn, CsigoutBo KB Ne 25382-15322P Big 10.01.2023
p. BkniwouyeHo po [lepeniky HaykoBux ¢axoBux BuaaHb YkpaiHm (Kateropia «b»)
Ana BeTepuHapHux Hayk (Hakasom MOH VYkpaiim Ne 768 Big 20 4yepBHa 2023 p.).
MaTtepianu Homepa cxBarneHo pegkonerieto ao apyky 09.05.2026 p.
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