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класах. Дані узагальнювали описово (n, %). У результаті домінуючим ізолятом була 
Escherichia coli — 44/63 (69,8%), тоді як Klebsiella spp. становила 19/63 (30,2%). MDR 
виявлено у 15/63 ізолятів (23,8%), тобто майже кожен четвертий ізолят 
характеризувався мультирезистентністю. 
У ветеринарних клініках м. Київ у 2023–2025 рр. серед клінічних ізолятів 
Enterobacteriaceae переважала E. coli, а частка MDR становила 23,8%. Результати 
підтверджують потребу в регулярному локальному мікробіологічному моніторингу, 
посиленні інфекційного контролю та раціональному застосуванні антимікробних 
препаратів у практиці лікування тварин-компаньйонів. 
Ключові слова: антимікробна резистентність, мультирезистентність, Enterobacteriaceae, 
Escherichia coli, Klebsiella spp., тварини-компаньйони, ветеринарні клініки, One Health. 
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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/µL. Standard curve analysis 
demonstrated excellent linearity (R² = 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 µL 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 TTA CGC TGA TGA AGG TG spaA 
ERH-R TCA ATC CTT GCA TTT CCA GC 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 µL containing: 

− 10 µL 2× EvaGreen qPCR Master Mix  
− 0.4 µM forward primer  
− 0.4 µM reverse primer  
− 2 µL 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/µL to 1 fg/µL. 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: 

𝐸𝐸𝐸𝐸 = (10−1/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 1) × 100% 
The correlation coefficient (R²) 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/µL 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/µL, 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 R² = 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). 

𝐸𝐸𝐸𝐸 = (10−1/(−3.36) − 1) × 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/µL – 10 fg/µL 
Limit of detection (LOD) 10 fg/µL 
Slope −3.36 
Efficiency (E%) 98.4% 
Correlation coefficient (R²) 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 tested Positive 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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Table 2 
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Table 3.  
Detection of E. rhusiopathiae in field specimens 

Sample type Number tested Positive 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 
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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 
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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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Резюме. Метою даного дослідження було розроблення та оцінка методу ПЛР у 
реальному часі з використанням EvaGreen для швидкого, чутливого та специфічного 
виявлення Erysipelothrix rhusiopathiae, збудника бешихи свиней та важливого 
зоонозного патогену. 
Для ампліфікації на платформі ПЛР у реальному часі iTower (Jena Analytik, Німеччина) 
використовували видоспецифічні праймери, спрямовані на ген spaA E. rhusiopathiae. 
Умови реакції були оптимізовані з використанням флуоресцентного барвника 
EvaGreen. Аналітичну чутливість визначали за допомогою десятикратних 
послідовних розведень очищеної геномної ДНК, тоді як специфічність оцінювали щодо 
нецільових видів бактерій, які зазвичай зумовлюють інфекції у свиней. Клінічні зразки, 
отримані від свиней з підозрою на бешиху, включаючи мигдалики, селезінку, 
лімфатичні вузли, серцеві клапани, кров та синовіальну рідину, були протестовані 
для оцінки діагностичної застосовності. 
Розроблений тест успішно виявив ДНК E. rhusiopathiae у всіх позитивних контролях 
та польових позитивних зразках. Межа виявлення була встановлена на рівні 10 
фг/мкл. Аналіз стандартної кривої продемонстрував чудову лінійність (R² = 0,998) та 
високу ефективність ампліфікації (98,4%). Ампліфікації не спостерігалося з ДНК 
нецільових бактерій, що підтвердило високу аналітичну специфічність. Усі позитивні 
зразки дали один характерний пік плавлення при 81,7 ± 0,3 °C, що вказує на специфічну 
ампліфікацію. Серед 48 польових зразків 19 (39,6 %) дали позитивний результат, 
причому найвищі показники виявлення спостерігалися у тканинах мигдаликів та 
селезінки. Внутрішньо- та міжтестова варіація залишалася нижче 3 %, що 
підтверджує високу повторюваність та відтворюваність. 
Аналіз EvaGreen у режимі реального часу є швидким, надійним та економічно 
ефективним молекулярним методом виявлення E. rhusiopathiae. Його висока 
чутливість, специфічність та надійність роблять його придатним для рутинної 
ветеринарної діагностики, розслідування спалахів та епідеміологічного нагляду за 
еризепелою свиней. Цей аналіз може слугувати ефективною альтернативою 
системам ПЛР у режимі реального часу на основі зондів, особливо в лабораторіях з 
обмеженими ресурсами. 
Ключові слова: Erysipelothrix rhusiopathiae; бешиха свиней; EvaGreen; ПЛР у 
реальному часі; молекулярна діагностика; ген spaA. 
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SECTION 2. Environmental well-being and safety 
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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. 
Its 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 


