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PO34lJ1 1. EMepaXeHTHi xBopoOu Ta €EanHe 340pOB’A
SECTION 1. Emergent diseases and One Health
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RHIZOBIUM RADIOBACTER — A NEW PATHOGEN OF
HEALTHCARE-ASSOCIATED INFECTIONS

Matkovsky I.A.', Yunusova O.L. ', Fomina N.S. 2 (ORCID: 0000-0003-3877-7563),
Kovalchuk V.P.2 (ORCID: 0000-0002-3351-2390)
1 — Sl Vinnytsia Regional Center for Disease Control and Prevention of MoH of Ukraine,
Vinnytsya, Ukraine
2 — National Pirogov Memorial Medical University, Vinnytsya, Ukraine,
e-mail: fomina.vnmu@gmail.com

Abstract. This paper presents the results of a study of cases of catheter-related bloodstream
infections in patients with a central venous access catheter installed for long-term infusion of
medications to treat the main disease. It is known that intravascular devices are a risk factor
for the development of catheter-related bloodstream infections (CRBSI). Therefore, conducting
an epidemiological study of implanted vascular catheters is an important component of
infection control in healthcare facilities. During the bacteriological study of blood samples from
the central catheter (using BACT/ALERT FA Plus, the BACT/ALERT 3D blood culture system
and nutrient media), 19 cultures were obtained, which were identified as Rhizobium radiobacter
using the automated VITEK-2 Systems (bioMerieux, Inc). In the vast majority, all isolated
strains demonstrated high sensitivity to antibiotics. However, 100% resistance was found to
some antibiotics. Isolation of Rhizobium radiobacter from the blood of patients encourages the
expansion of the etiological structure of catheter-associated bloodstream infections and
confirms the importance of epidemiological surveillance of implanted infravascular devices.
Keywords: healthcare-associated infections, Rhizobium radiobacter infection control,
antibiotics, antibiotic resistance.

Introduction. The problem of prevention and treatment of healthcare-associated
infections (HAI) does not lose its relevance. According to the World Health Organization, every
tenth patient is harmed while receiving medical care in a hospital setting (Roychoudhury,
2024).

A significant place among all HAI belongs to catheter-related bloodstream infections
(CRBSI). This is due to the widespread use of vascular catheters for therapeutic and diagnostic
procedures. However, the use of other intravascular devices can also lead to the development
of bloodstream infections. According to the European Center for Disease Prevention and
Control, in 2017, 44% of BSI episodes were catheter-related in the structure of the incidence
of HAI in intensive care unit patients in the European Region (European Centre for Disease
Prevention and Control, 2019). The results of a pilot study on the simultaneous prevalence of
healthcare-associated infectious diseases, which was conducted in five regions of Ukraine in
2021, showed that 421,800 patients were infected in the hospital, the number of registered
cases of bloodstream infections was 2.3% of the total number of HAI (Public health center of
MoH of Ukraine, 2021). The low percentage of registered cases of CRBSI is explained by the
lack of organized surveillance for the control and registration of cases of bloodstream
infections, insufficient amount of performed blood culture tests, limited capabilities of medical
institutions to diagnose these infectious complications, and in some cases - deliberate
avoidance of documenting the presence of a case of this type of HAI.

Currently, the leaders among pathogens that cause the development of HAIl are gram-
negative bacteria. The World Health Organization (WHOQO) updated the list of priority pathogens
in 2024, which included 24 pathogens representing 15 families of the prokaryotic kingdom.
Among them, most microorganisms are multi-resistant to many antibacterial drugs, including
reserve group antibiotics. Infections caused by such microorganisms lead to high mortality.

I One Health Journal. 2025. Vol. 3. N. 4 I
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According to WHO, in 2019, 4.95 million people died from infections caused by gram-negative
multi-resistant pathogens (WHO, 2024).

In the etiological structure of CRBSI, the most prevalent agents are gram-negative non-
fermenting microorganisms. The natural habitat of the most significant bacteria in disease
development from the genera Pseudomonas and Acinetobacter consists of soil and water rich
in organic residues from open water bodies. In the hospital environment, these microorganisms
often colonize areas that are constantly moistened (sanitary equipment, tiled floors and walls,
etc.). The extraordinary plasticity of these microorganisms' genetic apparatus makes them
resistant to various adverse factors in the surrounding environment and to disinfectants.

However, recent reports indicate new microorganisms responsible for the development
of hospital infectious complications, especially in immunocompromised patients. Are they
equally dangerous? Will they increase the list of priority pathogens in the future?

The aim of study. Based on studies examining the etiology of a series of CRBSI cases,
this research aims to assess the potential for adding to the list of HAI pathogens a new
representative of gram-negative bacterial microflora, Rhizobium radiobacter.

Materials and methods. During March 2024 - December 2024, 30 cases of prolonged
subfebrile temperature were observed in patients with signs of secondary immunodeficiency
who were undergoing long-term outpatient treatment in a municipal medical institution. All
patients were fitted with a CVC for the long-term administration of medical drugs for their
primary condition. Given that intravascular devices are a risk factor for bloodstream infections,
blood samples were collected from the CVC for bacteriological examination and sent to the
bacteriological laboratory. The transportation of the samples was conducted in accordance
with Order Ne354 from the Ministry of Health of Ukraine dated 02/21/2023, On the organization
of prevention of nosocomial infections (Law of Ukraine, 2023).

Blood samples were cultivated in commercial vials for growing aerobic and anaerobic
BACT/ALERT FA Plus and incubated in a BACT/ALERT 3D blood culture system. The growth
of microorganisms in the vials was present in almost all cases for 3 days. In most cases, the
aerobic vial became positive even earlier. The material from positive vials was then cultivated
on BAP, CBA, Endo medium, MSA, Enterococcus Selective Agar, CHROMagar Orientation.
Quality control of nutrient media was carried out in accordance with the recommendations of
manufacturers, which are set out in the product certificates. In cases of positive test results,
the morphological and cultural characteristics of microorganisms were studied. Species
identification and antimicrobial susceptibility testing of isolated cultures was performed using
the automated VITEK-2 Systems (bioMerieux, Inc).

During the study of the biochemical properties, fermentation was taken into account for
45 biochemical substrates, namely: Ala-Pne-Pro-arylamidase (APPA), adonyl (ADO), L-
pyrrolidone arylamidase (PyrA), L-arabit (IARL), D-cellobiose (dCEL), beta-galactosidase
(BGAL), beta-N-acetylglucosaminidase (BNAG), glutamylarylamidase (AGLTp), glucose
dGLU), gamma-glutamyltransferase (GGT), maltose (dMAL), mannitol (dMAN), mannose
dMNE), beta-glucosidase (BGLU), beta-xylosidase (BXYL), beta-alanine arylaminadase
BALap), L-proline arylamidase (ProA), as well as lipase (LIP), sucrose (SAC), palatinose
PLE), tyrosine arylamidase (TyrA), sorbitol (dASOR), trehalose (dTRE), citrate (CIT), malonate
(MNT), lactate (ILATk), keto-D-gluconate (5KG), succinate (SUCT), phosphatase (PHOS),
acetylgalactosaminidase (NAGA), alphagalactosidase (AGAL), ornithine decarboxylase
(ODC), glucose fermentation ability (OFF) and hydrogen sulfide (H2S) production.

The assessment of the antibiotic susceptibility of the studied bacterial cultures was
carried out in accordance with the EUCAST recommendation for ECOFF for Acinetobacter
(EUCAST, 2025). The determination of susceptibility was carried out to the following
antibiotics: imipenem, meropenem, doripenem, amikacin, gentamicin, tobramycin,
levofloxacin, ciprofloxacin, trimethoprim-sulfamethoxazole.

Results. Peripheral vascular catheterization is one of the most common invasive
procedures in medical practice, necessary for a number of therapeutic and diagnostic
procedures. However, the use of intravascular catheters is a risk factor for the development of
bloodstream infections through direct entry of microorganisms into the bloodstream. Among 30
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Section 1

examined blood samples from CVCs, 19 positive results were obtained, which is 63.3%.
Microscopic examination of smears prepared from pure cultures of microorganisms grown on
nutrient media demonstrated the presence of gram-negative non-spore-forming rods, which
were located mainly singly or with a tendency to dense clusters (fig. 1).

p ~ § _ 95 %

i Ay L x - gl
Fig. 1. Rhizobium radiobacter microscopy (magnification x1000)

The next day after incubation on BAP and CBA, growth of mucous colonies with a
diameter of 1 mm was observed, as well as poor growth on Endo medium. After 48 hours of
incubation in a thermostat at a temperature of 37°C, growth on Endo medium increased, but
the colonies were small with a metallic sheen. The results of the oxidase and urease tests were
positive.

Based on the obtained biochemical properties, all isolates were identified as Rhizobium
radiobacter with a probability of 99% by the automated system VITEK-2 Systems (bioMerieux,
Inc) using cards for the identification of gram-negative microorganisms (GN).

Analysis of the biochemical properties of the isolated cultures showed that the vast
maijority of strains had biochemical properties typical of the species. However, several strains
differed in terms of fermentation of certain substrates (Table 2).

Table 2
Differentiation of Rhizobium radiobacter strains by biochemical properties
Fermentation No fermentation

Substrate Ne of strains % of strains Ne of strains % of strains
proA 10 52,6% 9 47,4%

ADO 11 57,8% 8 42.2%

dTRE 3 15,7% 16 84,3%

BGAL 5 26,3% 14 85,7%

SAC 5 26,3% 14 85,7%

GLyA 6 31,6% 13 68,4%

PLE 4 21% 15 79%

BXYL 11 57,8% 8 42.2%

The results of determining the sensitivity of the isolated strains to antibiotics are
illustrated in Figure 2.

I One Health Journal. 2025. Vol. 3. N. 4 I
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Trimethoprim-sulfamethoxazole 0 100
Ciprofloxacin . 31 31 38
Levofloxacin 69 | 31 0
Tobramycin 0 100
Gentamicin I 90 O 10
Amikacin . | 100 7 0
Doripenem 58 0 42
Meropenem | ‘ | 00 _ 0
Imipenem . ‘ | 100 - | 0
0 20 40 60 80 100

m S (% of strains) I (% of strains) R (% of strains)

Fig. 2. Sensitivity of isolated strains of Rhizobium radiobacter to antibiotics

As shown in Fig. 2, most of the isolated strains of rhizobium were sensitive to
carbapenems. All isolated isolates were sensitive to imipenem and meropenem. The sensitivity
to doripenem (carbapenem of the 3rd generation) was 58%. It is also important that these
antibiotics belong to the watch group (B) and can be prescribed only after proven
ineffectiveness of antibiotics from the access group. The sensitivity of the isolated strains of R.
radiobacter to aminoglycoside antibiotics is of considerable interest. The sensitivity to the
aminoglycoside of the 2nd generation — to the gentamicin - was at the level of 90%, to amikacin
all tested isolates demonstrated full sensitivity. At the same time, 100% of the isolated strains
were resistant to tobramycin.

As for fluoroquinolone drugs, the sensitivity of Rhizobium radiobacter strains was 31%
to ciprofloxacin and 69% to levofloxacin. The relatively high percentage of resistant strains to
levofloxacin is noteworthy, since since 2023 this drug has been classified as a reserve drug
and is prescribed only based on vital signs.

The above-mentioned sensitivity of the isolated Rhizobium radiobacter isolates was
obtained using the automated VITEK-2 system using a card with an AST 331 reagent kit, which
is used to determine antibiotic sensitivity for the group of non-fermenting gram-negative
microorganisms. It is clear that the data obtained are insufficient to generalize the results
regarding the resistance of rhizobia to antibiotics. Therefore, we continued to study the
sensitivity to antimicrobial drugs by the disk diffusion method. The results of the study
demonstrated high sensitivity of isolated strains of bacteria of the genus Rhizobium to inhibitor-
protected and —unprotected aminopenicillins. Thus, about 96% of isolated strains were
sensitive to amoxicillin and amoxicillin/clavulanate. 100% of rhizobium strains were sensitive
to the third-generation cephalosporins ceftriaxone and cefoperazone/sulbactam. However,
only 56% of strains were susceptible to cefoxitin. Cefepime, ceftazidime and
ceftazidime/avibactam were ineffective against 95% of R. radiobacter strains.

Discussion. The implementation of Order No. 1614, On the Organization of Infection
Prevention and Infection Control in Healthcare Institutions and Institutions Providing Social
Services/Social Protection of the Population, marked a critical step in Ukraine's efforts to
improve HAI registration and control. Central to this initiative is the standardized documentation
of invasive procedures, including peripheral and central vascular catheterizations. Routine
epidemiological surveillance of HAls remains essential for timely detection, microbial
identification, and informed antimicrobial stewardship.

Among patients receiving intravenous therapy, a subset requires long-term cyclic or
course-based drug administration. For these individuals, central venous catheters (CVCs) are
utilized. These devices, designed to integrate into patient tissue, are believed to reduce
infection risk by creating a barrier against skin-colonizing pathogens. However, extended
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catheter use can predispose patients to intraluminal infections, often stemming from breaches
in aseptic technique during catheter maintenance. Less commonly, hematogenous catheter
contamination may occur, originating from distant infection foci such as pneumonia, urinary
tract infections, or fungemia (Small, 2015; The Joint Commission, 2013; Balasoiu, A., 2022).

Despite state-level surveillance efforts, CRBSI control remains suboptimal. To some
extent, this is due to the fact that patients with installed intravascular devices for long-term drug
administration spend most of their time outside the hospital and there is no certainty about
proper care of the CVC site. Accordingly, early detection of symptoms of local inflammation
(redness, swelling, etc.) is difficult.

R. radiobacter (formerly Agrobacterium tumefaciens) is a gram-negative, non-spore-
forming, motile aerobic rod, usually a phytopathogen, causing the development of plant tumors.
Its natural habitat is soil, along with other non-fermenting bacteria. Human disease caused by
representatives of the genus Rhizobium is an infrequent phenomenon. There are five known
species of bacteria of the genus Rhizobium, namely: Rhizobium radiobacter, Rhizobium
rhizogenes, Rhizobium rubi, Rhizobium undicola, Rhizobium vitis. Interestingly, R. radiobacter,
with its low virulence, is the only species involved in the development of diseases in humans
(Aujoulat, 2015).

The earliest report of R. radiobacter causing endocarditis following aortic valve
replacement dates back to 1980 (Plotkin, 1980). Since the early 2000s, increasing numbers of
infections have been reported, including endocarditis post-heart valve replacement,
bacteremia in cancer patients, neonatal sepsis, and, more rarely, UTIs in dialysis patients,
nosocomial pneumonia, and brain abscesses (Tiwari, 2015; Fatma, 2024; Sood, 2010). In
addition, episodes of the participation of these microorganisms in the development of urinary
tract infections (in patients requiring hemodialysis), nosocomial pneumonia, brain abscesses,
etc. have been confirmed. The placement and presence of plastic devices in the human body
is a major factor in the development of infections caused by this pathogen. This is explained
by the high adhesion properties of rhizobia to plastic/silicone surfaces due to the production of
extracellular mucus (Lai, 2004).

The detection of R. radiobacter in blood samples of 19 patients led to the assumption
of the presence of an intrahospital reservoir of infection and prompted an epidemiological
investigation. However, a thorough bacteriological examination of the hospital environment
where intravascular devices were installed did not yield positive results. According to the
literature, one of the possible sources of rhizobia is the gastrointestinal tract, from where they
can subsequently spread into the bloodstream. In addition, the outpatient nature of the
treatment of the examined patients suggests the presence of many sources of infection during
the patients' stay outside medical institutions (Wang, 2019).

Whether these cases constitute a hospital outbreak remains inconclusive.
Nonetheless, the frequent detection of R. radiobacter in CVC blood cultures underscores its
potential role in expanding the known etiological spectrum of CRBSI. Rhizobium spp. should
be regarded as opportunistic pathogens capable of causing bloodstream infections in
immunocompromised individuals—those with cancer, organ transplants, HIV, or undergoing
corticosteroid or cytostatic therapy.

The general susceptibility of R. radiobacter to antibiotics suggests these infections are
currently manageable. However, the notable aminoglycoside resistance patterns—especially
to tobramycin—warrant further investigation, not only for treatment purposes but also for use
as diagnostic markers.

Currently, the list of antibiotics for susceptibility testing of R. radiobacter is undefined.
EUCAST guidelines, while authoritative, do not include this organism in their 2025 update,
creating ambiguity around appropriate testing standards. This gap requires further discussion
within the microbiological and infectious disease community.

Conclusion. The results of the study confirm the need and importance of
epidemiological surveillance of the use of intravascular catheters and other devices that are
incorporated into vessels or other cavities of the human body for a long time for therapeutic
and diagnostic purposes. At the same time, the possibility of isolating emergent species of
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bacteria should be considered, especially in patients with primary or secondary
immunodeficiencies, and comprehensively study each positive bacteriological culture. The
repeated isolation of R. radiobacter strains from the blood of CVCs emphasizes the need for
further research into its virulence factors, adhesive capabilities, and biofilm-forming properties.
Advanced diagnostic systems—including automated blood culture systems and microbial
analyzers—should be employed to ensure precise identification and resistance profiling in each
CRBSI case.
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RHIZOBIUM RADIOBACTER - HOBWUW 3BYOHUK IH®EKUIA, MOB’A3AHUX 3
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AHomauis. Y cmammi npedcmasrneHi pe3dyrnbmamu rnpogedeHo20 O00CiOXeHHsT surnadkKis
Kamemep-acouitiiogaHux IHeKUil Kpo8OMOKY y nayieHmie 3 ecmaHo8/1eHUM UeHmparsbHUM
rmiopmom 0rsisi npogedeHHs1 doszompusarioi iHy3ii MeOUYHUX rpernapamie 3 Memoro JliKyeaHHs
OCHOBHO20 3axeoproeaHHsi. Bidomo, wo ecmaHoesrieHi 8HympiWHbO-CyOUHHI desalcu €
akmopom pusuky poseumky KAIK, momy nposedeHHsi ernidemiosiogidHo2o OO0CIiOXeHHSs
8CmMaHo8rIeHUX CyOUHHUX Kamemepie € 8aX1ug8uM KOMIMOHEHMOM IHQEKUiIHO20 KOHMPOJSIHO
3aKnaodie oxopoHu 30opoes’s. [lpu nposedeHHi bakmepiono2iyHo20 OOCIOXEHHS Kpoei 3
ueHmparsnbHoz2o rnopmy (i3 sukopucmaHHsiMm BACT/ALERT FA Plus ma 2emokyrnbmugamopa
BACT/ALERT 3D ma noxusHux cepedosuwy) 6yrno ompumaHo 19 noaumusHuUXx Kyrbmyp, 5Ki,
3a dornomoeoro asmomamu3osaHoi cucmemu VITEK-2 Systems (bioMerieux, Inc) 6ynu
ideHmudgbikosaHi sik Rhizobium radiobacter. B nepesaxHil 6inbwocmi eci audinieHi wmamu
npodemMoHcmpyeanu 8uUCOKy dymrnusicmb 00 aHmubiomukie, rnpome, 00 OesKux
aHmubiomukig susisunu 100% pe3ucmeHmHicme.
BudineHHsi Rhizobium radiobacter i3 kposi nauieHmie crioHykae 00 pO3WUpPEeHHS emiosioaiqyHol
CMpyKmypu Kamemep-acouiliogaHux IHQeKUili KpO8OMOKYy ma nidmeepoxxye eaxkrusicmb
enidemiyHo20 Haansady 3a 8CmMaHo8/IeHUMU 8HYMPIiWHbOCYOUHHUMU OesatlicaMu.
Knio4yoBi cnoBa: iH(ekuil, noB’A3aHi 3 HagaHHAM MegudHoi gonomoru, Rhizobium
radiobacter, iIHEKLiINHNA KOHTPOMb, aHTUBIOTUKN, aHTUBIOTUKOPE3UCTEHTHICTb.

DOI: 10.31073/onehealthjournal2025-1V-01

I One Health Journal. 2025. Vol. 3. N. 4 I
11



Section 1

DOI: 10.31073/onehealthjournal2025-1V-02

ANALYSIS OF THE RESULTS OF MONITORING STUDIES OF MUSHROOM AND BERRY
SAMPLES FOR NOROVIRUS AND HEPATITIS A VIRUS BY REAL-TIME PCR

METHOD FOR 2022-2024

Oleksiienko I. (ORCID: 0000-0003-0125-5593), Andriiashchuk V. (ORCID: 0000-0002-0983-

9297), Haidei O. (ORCID: 0000-0003-4503-4047), Pishchanskyi O. (ORCID: 0009-0002-

0111-4977), Kuriata N. (ORCID: 0000-0002-6958-1064)

State Scientific and Research Institute for Laboratory Diagnostics and Veterinary and

Sanitary Expertise, Kyiv, Ukraine, email:_ira.oleksienko@gmail.com

Abstract. Viruses are one of the main causes of outbreaks of foodborne infections, which are
accompanied by symptoms characteristic of most gastrointestinal diseases. An important
direction in the prevention of norovirus infection and hepatitis A is monitoring the circulation of
pathogens on an ongoing basis. The main goal of state monitoring is to prevent the consumer
from consuming food products that may be contaminated with norovirus and hepatitis A virus
pathogens, which pose a potential risk to human health. We conducted research on the
detection of norovirus and hepatitis A virus in plant products in accordance with the Plans for
State Monitoring of Food Products of Plant Origin in 2022 - 2024. The purpose of the work is
to conduct molecular genetic studies of mushrooms and berries (blueberries, raspberries,
bilberries) grown in Ukraine using the real-time polymerase chain reaction (Real-time PCR)
method and analyze the results of studies on the presence of Norovirus and Hepatitis A virus
RNA. Materials and methods. The studies were conducted in the research department of
biochemical and molecular studies of food products, feed and water of the State Scientific and
Research |Institute for Laboratory Diagnostics and Veterinary and Sanitary Expertise
(SSRILDVSE) using the real-time PCR method in accordance with ISO/TS 15216-2
Microbiology of food and animal feed — Horizontal method for determination of hepatitis A virus
and norovirus in food using the real-time PCR — Part 2 and Regulation EC 178/2002 (articles
14, 31 Regulation EC Ne178/2002). Research results. According to the State Monitoring Plans
for the detection of norovirus and hepatitis A virus, 465 samples of berries and mushrooms
from different regions of Ukraine were examined in the SSRILDVSE. During the monitoring
studies using the real-time PCR method, no case of contamination of food products of plant
origin with pathogens of norovirus and hepatitis A virus was detected. Conclusions. According
to the results of monitoring studies, no RNA of norovirus and hepatitis A wasn’t detected in
mushroom and berry samples.

Keywords: norovirus, hepatitis A, viruses, real-time PCR, food pathogens, molecular genetic
diagnostic methods

Introduction. Viruses are one of the causes of foodborne infections, the frequency of
which has increased significantly in recent decades due to the rapid globalization of the agri-
food market (Scrotska, 2014, Kalinina, 2021). They retain their infectious properties on various
surfaces for a long time, remaining viable for several days on the skin, clothing and various
objects, resistant to the action of disinfectants in usual concentrations (Efimochkina, 2017;
Gaythorpe, 2018). The most common and highly contagious include pathogens of viral
infections belonging to the Picornaviridae and Caliciviridae families (noro-, rota-, hepato-,
enteroviruses, etc.) (De Wit, 2001). The main feature of viral diseases is their high
contagiousness, digestive disorders, accompanied by intestinal spasms and diarrhea
(norovirus) and liver damage (hepatitis A virus). The main mechanism of transmission of
pathogens is fecal-oral. Routes of infection: contact-household from person to person
(dominant), when consuming contaminated food and water. In 14% of cases, pathogens are
transmitted through food (Haidei, 2021, Kalinina, 2021).

In July, 2013, the Codex Alimentarius Commission approved new standards for fruits,
vegetables, fish and fish products, and animal feed to protect the health of consumers
worldwide, which contain recommendations for producers and consumers to prevent infection
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and reduce the risk of spreading disease pathogens (Codex Alimentarius). Fresh berries and
vegetables are part of the human diet, but they can cause foodborne diseases caused by
viruses, in particular Norwalk and hepatitis A virus (Le Guader, 2004).

According to the Rapid Alert system for Food and Feed (RASFF), in 2019, 17 reports of
cases of detection of noroviral infection agent — Norwalk virus in food products were received
from EU countries (Haidei, 2021).

According to the State Statistics Service, Ukraine is one of the largest exporters of fresh
and frozen berries to EU countries. One of the most common reasons for rejecting imported
berries (fresh and frozen) is their possible contamination with dangerous pathogens:
salmonella, E. coli, listeria, and viruses such as norovirus and hepatitis A virus. Given the large
number of RASFF notifications regarding cases of norovirus and hepatitis A virus detection in
berries and oysters in EU countries, and guided by the Law of Ukraine «On State Control over
Compliance with Legislation on Food Products, Feed, Animal By-products, Animal Health and
Welfarey, in order to verify the compliance of food products, the Service of Ukraine for Food
Safety and Consumer Protection approved the «Plan for State Monitoring of Food Products of
Plant Origin» for laboratory studies of microbiological criteria: norovirus and hepatitis A virus in
fresh mushrooms and berries in 2022, 2023, and 2024.

Outbreaks of infection often occur as a result of the use of infected water, its use in
irrigation systems for watering plantations, consumption of infected food products that are
contaminated through contact with personnel of the enterprise where the products are
processed and packaged, and imperfection of the technology for decontamination of products
that are subject to freezing in fresh form (Rodriguez-Lazaro, 2012; L'vov, 2013; Verhoef, 2013;
Efimochkina, 2017, Maunula, 2009, Bozkurt, 2021).

The main method for detecting cases of contamination by food pathogens is the real-
time PCR method, which is based on working with nucleic acids, is characterized by high
sensitivity, specificity and informativeness, which allows detecting and identifying viral RNA in
fresh products and those that have undergone technological processing.

The aim of study: Conducting monitoring studies of mushrooms and berries
(blueberries, raspberries, bilberries) using the real-time PCR method and analyzing the results
of studies for 2022-2024 on the detection of RNA of Norovirus and Hepatitis A virus.

Materials and methods. The studies were conducted on the basis of the Research
Department of Biochemical and Molecular Research of Food, Feed and Water of the
SSRILDVSE by the real-time PCR method in accordance with ISO/TS 15216-2 Microbiology
of food and animal feed — Horizontal method for determination of hepatitis A virus and norovirus
in food using the real-time PCR — Part 2 and Regulation EC 178/2002 (articles 14, 31
Regulation EC Ne178/2002). For RNA extraction, the SureFast ® PREP DNA/RNA Virus kit,
Congen (Germany) was used. PCR the real-time was performed on an Applied Biosystems
QuantStudio5 amplifier using the SureFast Norovirus/Hepatitis A 3Plex test system, Congen
(Germany). The main stages of the research: sample preparation of the studied samples, RNA
extraction, preparation of the PCR mixture, amplification and interpretation of the research
results.

Accounting for the amplification results was carried out using the Applied Biosystems
QuantStudio5 amplifier software.

Results. According to the Plans for State Monitoring of Food Products of Plant Origin
for 2022, 2023 and 2024 for the detection of norovirus and hepatitis A virus, 465 samples of
berries and mushrooms from different regions of Ukraine were examined by the the real-time
PCR method in the Scientific and Research Department of Biochemical and Molecular
Research of Food Products, Feed and Water of the SSRILDVSE. In 2022 - 180 samples, of
which 32 - mushrooms, 148 - berries (30 - blueberries, 74 - raspberries, 44 - bilberries). In 2023
- 151 samples, of which 25 - mushrooms, 126 - berries (25 - blueberries, 66 - raspberries, 35
- bilberries). In 2024 - 134 samples, of which 21 - mushrooms, 113 - berries (21 - blueberries,
58 - raspberries, 34 - bilberries). Figures 1, 2 and 3 show the number of samples tested in
percentages by product type.
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Number of samples tested in 2022
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Fig. 1. Number of monitoring studies of mushrooms and berries for Norovirus and
Hepatitis A virus in 2022

Number of samples tested in 2023
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‘ = blueberries
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bilberries

Fig. 2. Number of monitoring studies of mushrooms and berries for Norovirus and
Hepatitis A virus in 2023

Number of samples tested in 2024

25.4 »
= mushrooms
‘ = blueberries
/ = raspberries
bilberries

Fig. 3. Number of monitoring studies of mushrooms and berries for Norovirus and
Hepatitis A virus in 2024

Analyzing the results of monitoring studies of plant products grown in Ukraine, PCR the
real-time method did not reveal a single case of contamination of mushrooms and berries with
food pathogens: Norovirus and Hepatitis A virus.

Discussion. Norovirus and Hepatitis A virus are the most common pathogens that are
a frequent cause of outbreaks of acute gastroenteritis and infectious hepatitis (Fraisse, 2017,
Cook, 2019). The Food and Agriculture Organization of the United Nations/World Health
Organization (FAO/WHO) Expert Committee published a report recognizing viruses as a major
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cause of foodborne iliness, and classified berries as the second priority microbiological hazard
group (FAO) among fresh fruits and vegetables. These viruses are persistent in the
environment and can enter food through contamination with wastewater, water used for
irrigation during outdoor and indoor growing, or by food handlers during harvesting and
packaging, as well as through contaminated equipment. (Verhoef, 2013, Polkowska, 2021, Li,
2018, Miotti, 2024).

In Europe, 4.4% of zoonotic outbreaks are directly linked to food of non-animal origin.
According to EFSA, berries rank fourth and sixth among human diseases caused by norovirus,
as berries are consumed fresh, with little or no prior processing, and therefore pose a threat
(EFSA, 2014). In September-October 2012, an outbreak of norovirus gastroenteritis was
recorded in Germany, which affected 11,000 people (Made, 2013). Epidemiological studies
have shown that frozen strawberries and raspberries are the cause of infection. By 2018, fresh
and frozen berries were responsible for 94 outbreaks, resulting in 23,433 cases worldwide.
(Bozkurt, 2021, Raymond, 2022, Steele, 2022). According to data (Cook, 2018), in England, a
study of 310 fresh and 274 frozen raspberry samples revealed a positive result for norovirus
RNA in seven fresh raspberry samples (2.3%) and 10 frozen raspberry samples (3.6%). In
China, a study of 900 samples of frozen and 900 samples of fresh berries in 2016-2017 found
noroviral RNA in 81 samples of frozen berries (9.0%) and 109 samples of fresh berries (12.1%)
(Gao, 2019).

Conclusions. According to the results of the research, no RNA of Norovirus and
Hepatitis A virus was detected in the samples of berries and mushrooms. The prospect of our
further research is to continue the implementation of the State Monitoring Plan for Plant
Products for the presence of Norovirus and Hepatitis A virus on an ongoing basis in order to
prevent contamination of food products with pathogens in the territory of Ukraine.
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AHANI3 PE3YINbTATIB MOHITOPUHIOBUX OOCNIAXEHb 3PA3KIB I'PUBIB TA Arig
woano HOPOBIPYCY TA BIPYCY TENATUTY A METOAOM IUJIP-PY 3A 2022 -
2024 POKU

Onekcienko |. (ORCID: 0000-0003-0125-5593), Angpiswyk B. (ORCID: 0000-0002-0983-
9297), Nangen O. (ORCID: 0000-0003-4503-4047), MiwaHcbkun O. (ORCID: 0009-0002-
0111-4977), Kypsita H. (ORCID: 0000-0002-6958-1064)

[epxaBHU HayKoOBO-4OCAIAHWA HCTUTYT 3 nabopaTopHOI AiarHOCTUKM Ta BeTepuHapHO-
caHiTapHoi ekcnepTnau, M. Kuie, YkpaiHa, email: ira.oleksiienko@gmail.com

Pe3rome. Bipycu € OOHIi€0 3 OCHOBHUX MPUYUHOK criasaxig Xxapyosux iHghekuil, SKi
CyrnposoOXymbCsi cuMnmomMamu, xapakmepHumu 05151 b6irbwocmi 3axeoprosaHb WITYHKO8O-
Kuwkoeo2o mpakmy. Baxnueum HarnpsaMkKom npoginakmuku HOPO8IPpYCHOI IHekuii ma
eenamumy A € MOHImMopuHa UupKynsauii 36yOHukie Ha nocmitiHiti ocHogl. OCHOBHOK Memor
Oep>xaBHO20 MOHIMOpPUHay € Hedornyu,eHHs1 00 crioxxugayda xap4osux rpodykmis, sKi MOXymb
6ymu KoHmamiHogeaHi 36yOHUKaMu Hoposipycy ma eipycy eenamumy A, WO cmaHo8s/Ismb
rnomeHuitiHul pu3uk 058 300poe’s odel. Hamu rnpoeedeHO O0CiOKEeHHS W000 8USBITEHHS
Hoposipycy ma sipycy 2enamumy A 8 POC/UHHIU npodykuii 32i0Ho [lnaHie depxkagHoO20
MOHIMOpUHay xap4yoeux rpodyKmie POC/IUHHO20 MoXo0xeHHs y 2022 - 2024 pokax. Mema
pobomu — rnposecmu MOIEKYIISPHO-2eHEMUYHI O0CIOKeHHsT epubie ma se2id (fToXUHU,
MarsnuHu, 4YOopHUUj), supoweHux 8 YKpaiHi, MemoOoM riosiimepasHoi raHy2080i peaKuii 8
pexumi peanbHozo 4Yacy (I1JIP-PY) ma npoaHanizysamu pe3yribmamu 00cCrid)eHb Wodo
HasisHocmi PHK Hoposipycy ma esipycy eenamumy A. Mamepianu i memoou. [ocrioxeHHs
rnpoeodunuckb 8 HayKog0-00C/1iOHOMY 8i00ini bGIoXiMIYHUX ma MOMEKynspPHUX OOCIOXeHb
Xxap4osux rpodykmig, Kopmie ma 800U OepxxasHO20 HayKo80-00C/iOHO20 iHcmumymy 3
nabopamopHoi diaecHOCmMuKu ma eemepuHapHoO-caHimapHoi ekcriepmu3su (OHAITOBCE)
memoodom [lNJIP-PY 32i0Ho ISO/TS 15216-2 Microbiology of food and animal feed — Horizontal
method for determination of hepatitis A virus and norovirus in food using real-time RT-PCR —
Part 2 ma PeenameHmy €K 178/2002 (articles 14, 31 Regulation EC Ne178/2002).
Pesynbmamu 0docnioxeHb. 32i0HO [lnaHie Oep)xagHO20 MOHIMOPUH2Yy, WO0O0 BUSIBNEHHS
Hoposipycy ma sipycy eenamumy A, e HOIIABCE docnidxeHo 465 rnpob s2i0 ma epubis 3
pi3HUX obrnacmeu YkpaiHu. B xo00i sukoHaHHsI MOHIMopuH208uUX 0ociOxeHb memoodom [1/1P-
P4 He suserieHO x00HO20 eunadky KOHmMamiHauii xap4yoeux rpodyKkmie pPOC/IUHHOZ20
rnoxo0xeHHs1 36yOHUKamu Hoposipycy ma 2enamumy A. BucHosku. 3a pe3ynbmamamu
rnposedeHUX MOHIMmopuHaoeux OocriOXeHb 8 3pa3kax epubie ma s2i0 He eusierieHo PHK
Hoposipycy ma eipycy cenamumy A.

KnrouoBi cnoBa: Hoposipyc, renatut A, Bipycu, MNJ1IP-PY, xap4oBi natoreHn, MonekynapHo-
reHeTUYHi MeToan AiarHOCTUKMN.
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SECTION 2. Environmental well-being and safety
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ASSESSMENT OF THE SUITABILITY OF THE SPECTROMETRIC METHOD OF

MEASURING THE SPECIFIC ACTIVITY OF CESIUM-137 IN WATER SAMPLES USING
SCINTILLATION GAMMA SPECTROMETER AND SOFTWARE "PROGRESS"

Kochetova H. (ORCID: 0000-0003-3234-1355), Malimon Z. (ORCID: 0000-0002-8616-3198),
Shuliak S. (ORCID: 0000-0001-8501-1750), 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. Cesium-137 is one of the primary radionuclides used as an indicator of
environmental radiological contamination. Due to its relatively long half-life (30 years), it poses
a significant radiological hazard, as it can penetrate and accumulate in various tissues and
organs, causing internal exposure.

To prevent the accumulation of radionuclides in the human body and reduce associated health
risks, as well as to ensure the safety of food products in Ukraine and the European Union,
maximum permissible levels of cesium-137 in food are regulated at the legislative level.
Radiological monitoring of foodstuffs is routinely conducted using gamma-spectrometric
analysis, which allows for rapid identification and quantification of radionuclide content.
According to DSTU EN ISO/IEC 17025:2019 General Requirements for the Competence of
Testing and Calibration Laboratories, all analytical methods used by state laboratories must be
validated and accredited.

This article describes the procedure for conducting abbreviated validation of the method for
measuring the specific activity of cesium-137 in control water samples artificially enriched with
the analyte, using a scintillation gamma spectrometer. The study was conducted at the State
Research Institute for Laboratory Diagnosis and Veterinary and Sanitary Expertise. The
suitability of the method for its intended purpose was evaluated based on key parameters such
as measurement accuracy and intermediate precision.

The validation results demonstrated that the measurements of cesium-137 specific activity did
not exceed the normative limits specified by the measurement method. Therefore, this method
can be considered suitable for specific applications, providing accurate and reliable results.
Keywords: cesium-137, control samples, gamma spectrometry, accuracy, precision, bias,
method suitability

Radioactive contamination of the environment is considered one of the greatest dangers
of the modern world, as radioactivity can negatively affect both the environment and its
inhabitants for many years (Gupta, 2018; IAEA, 2011; Kashparov, 2019; Russell, 2015).

According to literature data, the radionuclides cesium-137 and strontium-90 play the
most significant role in the radiological contamination of the biosphere. Due to their relatively
long half-lives—30 years for cesium-137 and 29 years for strontium-90—they can accumulate
significant doses of radiation (Jeskovsky, 2019; Kotelevych, 2019; Malimon, 2023). The main
sources of these radionuclides entering the air environment are nuclear tests and accidents at
nuclear power plants (Fesenko, 2013; IAEA, 2019).

One of the main radionuclide contaminants in food consumed by humans is cesium-137
(Zdrojewicz, 2016; Romanchuk, 2019). Long-term consumption of products contaminated with
radiocesium can cause inflammatory processes in various tissues and organs of the human
body, with the most pronounced inflammation observed in the gastrointestinal tract, urinary
tract, and reproductive system (Dutov, 2015; Gudkov, 2012; Godyn, 2016; Konoplev, 2020).
To prevent the accumulation of radionuclides in the human body and reduce the negative
impact of radiation on health, as well as to ensure the population has safe food, Ukraine and
the European Union have legally established maximum permissible levels of cesium-137 in
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food products. Additionally, in accordance with current regulations, systematic monitoring of
food products for radiological indicators, including the measurement of cesium-137 and
strontium-90 content using spectrometric analysis methods, is conducted. These methods
allow for rapid identification and quantitative determination of radionuclide content in the matrix
(Zdrojewicz, 2016).

According to DSTU EN ISO/IEC 17025:2019 General requirements for the competence
of testing and calibration laboratories, all methods used by state laboratories of the State
Consumer Service of Ukraine must be validated and accredited. Validation provides an
understanding of the capabilities and limitations of the method during routine use and ensures
the reliability of the obtained results (Initial validation and transfer, 2010; Eurachem guide,
2016; 1SO17025:2019; ISO 5725).

The aim of study. To determine the suitability of the spectrometric method for
measuring the specific activity of cesium-137 in water samples using a scintillation gamma
spectrometer and Progress software.

Materials and methods. The research was conducted at the State Scientific and
Research Institute for Laboratory Diagnostics and Veterinary and Sanitary Expertise, Kyiv,
Ukraine. The test material consisted of control water samples enriched at a level of 1.80 Bq/kg
with a standard solution of cesium-137 radionuclide type RR'3’Cs No. 08-030-24, with a
nominal volumetric activity of cesium-137 of 100 Bqg/kg +20%.

Measurements of the specific activity of cesium-137 in the control samples were
performed using the Gamma Plus universal spectrometric complex with an Nal detection block
and Progress software.

Results and discussion. This article describes the parameters used for the
abbreviated validation of the scintillation gamma spectrometry method using control samples
enriched with cesium-137 analyte. The research included the specifics of the measurement
method, taking into account all critical stages of the process. The suitability of the method for
the intended purpose was confirmed based on key parameters such as the accuracy and
intermediate precision of the measurement results (Initial validation and transfer, 2010;
ISO17025:2019; ISO 5725).

Before starting the measurements, preliminary preparation of the control samples was
performed using the physical concentration method. The specific activity of cesium-137 was
measured according to the methodology for measuring radionuclide activity using a scintillation
gamma spectrometer with software "Progress".

The accuracy of the measurements was assessed under conditions of intermediate
convergence. For this purpose, one operator conducted ten consecutive studies of the control
samples using the same measurement method, the same instrument, while changing one
factor (day of measurement).

The obtained measurement results were processed using generally accepted statistical
methods and are presented in Table 1.

The accuracy of the measurement expresses how close the average value of an infinite
number of measurement results is to the reference value. Since it is impossible to perform an
infinite number of measurements, the accuracy was evaluated through «bias». For this
purpose, the average value of the ten measurements, which was 1.89 Bqg/kg, was compared
with the reference value of 1.80 Bg/kg. According to the obtained data, the "bias" value can be
considered insignificant, as it was only 0.09 Bg/kg.

Figure 1 shows a histogram evaluating the accuracy of the measurements by
determining the percentage recovery of the added analyte (cesium-137) to the matrix (water).
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Table 1
Results of measurements of control samples enriched with cesium-137
Added Parameters of the state of Standa
the premises Measur rd Relative .
standard L Bias
Research A h | ement | deviati | standard
at the T tmosp . (b),
days empe ‘i : results, on, deviation
level, rature Humidi eric Ba/k 3 RSD). % Ba/kg
Bg/kg oc | tv.% | pressure, a/kg (), | ( ), %
Ba/kg
kPa

1 20 58 100.0 1.71
2 20 63 100.3 1.96
3 20 63 100.3 1.97
4 20 67 100.6 1.98
5 20 63 100.1 1.83
6 1.80 20 67 100 3 198 0.12 6.50 0.09
7 20 64 100.8 2.05
8 20 55 100.3 1.68
9 20 58 100.0 1.90
10 20 63 100.3 1.84

e=@==upper regulatory value
for control samples

e=@==results of measurement
of control samples

matrix

«=@==|ower regulatory value
70 = 70 o 70 o 70w 70 g 70 g 70 g 70w 70 o 70 for control samples

supporting value

percentage of analyct returning from

days of measurement of control samples

Fig.1. Percentage recovery of the added cesium-137 analyte in the control water
samples

Analyzing the histogram data, it is noted that the percentage recovery of the analyte in
the measured control samples enriched with cesium-137 relative to the reference value of 1.80
Ba/kg (100%) ranged from 93% to 114%. Therefore, the measurement results can be
considered acceptable and reliable, as they fall within the normative value (100+30%) specified
by this measurement method.

The second important indicator for evaluating the suitability of the method is the
intermediate precision of the measurements, usually expressed by statistical parameters
characterizing the dispersion of measurement results, such as convergence and intra-
laboratory reproducibility.

In this work, we used the method of simultaneously determining convergence and intra-
laboratory reproducibility of measurement results described in ISO 5725-3:2005 Accuracy
(trueness and precision) of measurement methods and results. For this purpose, three series
of measurements were conducted, with three measurements in each series. Convergence was
assessed within one series (measurements were performed by one operator on the same
instrument within one day). Intra-laboratory reproducibility of the measurement results of the
control samples was performed under maximally different conditions (series), with tests
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conducted by different operators on different instruments on different days. The results of the
measurements are presented below in Table 2.
Table 2
Results of measurements of the specific activity of cesium-137 in control samples
under conditions of convergence and intra-laboratory reproducibility

Parameters of the state of the Measurement results,
Research PTeMISes Measuring Balkg
Temper - . :
days Humidity | Atmospheric series
ature, o X1 X2 X3
o Yo pressure, kPa
C
1 20 63 100.2 A 1.87 1.67 1.62
2 21 55 100.0 B 1.79 1.96 1.83
3 21 59 99.6 C 1.86 2.13 1.82
Relative standard deviation of convergence, % 7.07
Relative standard deviation of convergence of internally laboratory 816
reproduction, % '

According to the data in the table, the smallest spread of measurement results was
observed when conducting studies under convergence conditions. In contrast, conducting
studies under intra-laboratory reproducibility conditions was accompanied by an increase in
the variability of measurement results and a greater spread between them.

Since precision depends on the concentration of the analyte in the control sample, it is
advisable to express it through the relative standard deviation. The calculation of the relative
standard deviation was performed in accordance with the Guideline Fitness for Purpose of
Analytical Methods. A Laboratory Guide to Method Validation and Related Topics (Eurachem
guide, 2016). The relative standard deviation of convergence was evaluated as intra-group
precision and amounted to 7.07%, while the relative standard deviation of intra-laboratory
reproducibility—as the square root of the sum of the squares of intra-group and inter-group
precision—was 8.16%.

In summary, the obtained data indicate that this method is suitable for use, as the
obtained values of the relative standard deviation of convergence and the relative standard
deviation of intra-laboratory reproducibility did not exceed the relative standard deviation
established by the measurement method (no more than 30%).

Conclusions.

Based on the obtained and analyzed results of the abbreviated validation of the
methodology for determining the specific activity of cesium-137 using a scintillation gamma
spectrometer and the Progress software, the method was found to meet key validation criteria.
In particular, the accuracy of the measurements evaluated by bias and the percentage recovery
of the analyte added to the matrix as well as the precision of the measurements, including
convergence and intra-laboratory reproducibility, were assessed using control water samples.

The validation data confirmed that under highly variable measurement conditions, the
method provides accurate and statistically reliable results. Therefore, the analytical method
can be considered suitable for further application in the radiological monitoring of food products
and water.
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OUIHKA NMPUOATHOCTI CMEKTPOMETPUYHOIO METO4Y BUMIPIOBAHHSA MUTOMOI
AKTUBHOCTI UE3I0-137 B 3PA3KAX BOoaOM 3 BWUKOPUCTAHHAM T[AMMA-
CNMEKTPOMETPA TA NPOrPAMHOIO 3ABE3IMNEYEHHA «MPOIMPEC»
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[epXaBHUI HayKOBO—OOCMIOHUA HCTUTYT 3 nabopaTopHOi AiarHOCTUKM Ta BeTepuMHapHO—
caHiTapHoi ekcnepTtnaun, M. Kuie, YkpaiHa, e-mail: kochetovag@ukr.net

Pe3rome. Lle3iti-137 € OOHUM i3 205108HUX paldioHyKridie, sKUU Crly>Xumb iHOUKamopom
padionoeiyHo20 3abpyOHEeHHSI HasKoNuWHbo20 cepedosuwa. 3asdsiku c80eMy BIOHOCHO
0oszomy rnepiody Hanieposnady (30 pokie) padioue3sili eeakaembcs Haubinbw Hebe3arneyHum
OxxepersioM 2aMma OrpOMIHEeHHS, OCKiNIbKU 30amHull MPOHUKamu ma Hakornu4yeamucs y pi3HUxX
mKaHUHax ma opaaHax opaaHi3my, CrIPUYUHSYU U020 8HYMPIWHE ONMPOMIHEHHS].

3 memoro 3anobiecaHHS Hakornu4yeaHHK padioHyKsidie 8 opaaHi3mi MHoOUHU ma 3MEeHUWEHHS
ernugy HecamueHUX ghakmopie Ha il 300p08’si, a makox 3 Memotro 3abesrie4eHHs1 HacesleHHs
6e3nedyHUMuU xap4osumu rnpodykmamu 6 YKpaiHi ma e KpaiHax €eporelicbko2ao Cor3y Ha
3aKkoHOdas4yoMy Ppi6HI pearniaMeHmMyrmbCs MaKcumMasibHO Oorycmumi pisHi uesito-137 e
Xxap4osux npodykmax. TaKkox Ha MocmiliHiti OCHO8I Mpo8ooUMbCS MOHIMOPUHE Xap4yoeux
npodykmie 3a padionio2idyHUMU rokasHuUkamu MemodoM 2aMma-CrieKmpomMempuyHo20
aHarnizy, skulu 0o038o0sisi€ WBUOKO [i0eHmugbikygamu ma KiflbKICHO 8u3Hadamu emicm
padioHykriidis.

Buxods4u 3 moeo, wo eidnosgioHo do ACTY EN ISO/IEC 17025:2019 «3azanbHi eumoau 0o
KomremeHmMHocmi surnpobysasibHUx ma KanibpysanbHux rnabopamopit» yci Mmemodu ssKumu
gosiodiromb OeprxkagHi nabopamopii 05si sU3HaYeHHS MoKa3HUKIe 6e3reKu ma ssKocmi xap4oeux
npodykmie nosuHHi 6ymu eanidogaHumu (8epughikoeaHumMu) ma akpeoumosaHUMU.

Y daHili cmammi onucaHo npouedypy rnposedeHHsT sepudbikayii MemoduKu 8UMIptO8aHHS
numomoi akmusHocmi uesito-137 8 KOHMPOsibHUX 3pa3kax 600U wmy4yHo 3b6aza4dyeHux
aHanimom uesito-137 3 8UKOpUCMAaHHSAM CUUHMUIIAUIUHO20 2aMMa-criekmpomempa.
LocnioxeHHs1 rnpoesodurnucsi Ha 6asi Haykoeso-0ocnidHoz2o iHecmumymy 3 rnabopamopHOI
OiaeHOCMUKU ma eemepuHapHo-caHimapHoi ekcriepmu3su. [lidmeepdxxeHHs npudamHocmi
0aHo20 Memody nocmassieHUM UiriiM OUiH8asu 3a makuMu KIro4o8UMU rnapamMempamu, sK:
rnpasusibHicmb ma rpoMipKHa rnpeyusitdHicms pe3yrbmamie eaUMipto8aHsb.

OckKinbku, o yciMm aHanidyrodum napamempam, pe3yrnbmamu euMiptogaHb MUMOMOI
akmueHocmi yesito-137 He nepesuwysanu HoOpMamueHi 3Ha4eHHs 3a3Ha4YeHHi MemoOUKOHO
8UMIprO8aHb, MOXeMO cmeepoxysamu wo OaHuli Mmemod rpudamHuli Orii KOHKpemHoz20
3acmocygaHHs, a ompumaHi pe3yribmamu 8UMIpPH8aHb € NMpasusibHUMU ma 0oCmo8ipHUMU.
KnroyoBi cnoBa: ue3in-137, KOHTPOSIbHI 3paskn, raMmma-CnekTpoMeTpis, NpaBUIbHICTDb,
NpeumnsinHIiCTb, «3CyB», NpuaaTHICTb MeToay
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THE IMPACT OF NON-IONIZING RADIATION ON THE QUANTITATIVE AND
QUALITATIVE INDICATORS OF CHICKEN MEAT PRODUCTS
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Abstract. The growing interest in non-ionizing radiation and its potential biological effects has
stimulated research into its application in animal husbandry. This article examines the impact
of non-ionizing radiation, specifically extremely low-frequency pulsed electromagnetic fields
(ELF-PEMF), on the productive indicators of dual-purpose chickens of the Dominant D959
crossbreed. Changes in the mass of eviscerated carcasses and selected internal organs were
analyzed under the influence of different levels of extremely low-frequency non-ionizing
radiation. Particular attention was paid to the qualitative characteristics of the meat — the
content of crude protein in hydrolysates of breast muscle proteins in the experimental chickens.
The study revealed no pathological changes in the internal organs of chickens after exposure
to ELF-PEMF, confirming the biological safety of the applied irradiation modes regardless of
the protein content in the diet. The results indicate that statistically significant changes in the
examined parameters occur under certain exposure conditions. In particular, a reliable
increase in the mass of the eviscerated carcass was observed under a 30-minute daily
irradiation regimen over 150 days, with the chickens being fed diets either 15% higher or lower
in protein content. The research suggests a potentially positive role of periodic ELF-PEMF
exposure as an adaptogenic factor that helps maintain or even increase protein content in
muscle tissue, especially under conditions of moderate stress and adaptive protein deficiency.
At the same time, constant electromagnetic exposure under nutrient-deficient conditions was
found to suppress protein metabolism. The data obtained support the prospect of using ELF-
PEMF as a growth-promoting factor for chicken muscle mass, with constant exposure
appearing more effective than periodic exposure. The mode of electromagnetic field exposure
should be considered a significant requlator of metabolic processes capable of modulating
protein metabolism efficiency depending on the organism’s nutritional status. Further research
should aim to explore the underlying mechanisms of this influence and to optimize the
parameters for applying ELF-PEMEF in poultry farming to achieve maximum productivity.
Keywords: non-ionizing radiation, ELF-PEMF, Dominant D959 chickens, productivity, carcass
weight, internal organs, breast muscles, crude protein

In the current context of poultry farming development, increasing the productivity of
agricultural poultry and improving meat quality have become particularly important
(Balamatsia, 2006; Asmarani, 2024). The growing demand for environmentally safe and high-
quality meat encourages the search for new technologies that achieve high performance
without the use of chemical growth stimulants (Alugwu, 2022). One promising direction is the
use of physical factors, particularly non-ionizing radiation, which includes electromagnetic
radiation of various ranges (ultraviolet, infrared, microwave, etc.) (Lin, 2011; Prosyanyi, 2020;
You, 2024).

Among environmental factors that cause significant changes in the functional state of
biological organisms, electromagnetic fields (EMFs) play a special role (Zymantiene, 2020;
Tong, 2024).

Studies on the biological effects of the hypogeomagnetic field indicate that this factor
induces a wide range of physiological, biochemical, and morphological changes in the
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organism (Balamatsia, 2006). This is directly related to the issues of «industrial extreme
conditions», «magnetic deprivation», or «situational industrial chronic stress» (Wang, 2021).

Unlike ionizing radiation, non-ionizing radiation does not have the ability to break molecular
bonds but can influence physiological and biochemical processes in animals (Gunes, 2020).
Recent studies suggest a potential positive effect of such radiation on metabolism, immune
response, and morphofunctional characteristics of tissues (Hashim, 2024). However, data on
the effect of non-ionizing radiation on the meat productivity of chickens remain limited and
contradictory, highlighting the need for further research in this area (Wang, 2021).

A key feature of the effect of electromagnetic radiation (EMR) on biological objects is its
pronounced resonance (frequency-dependent) nature, which is considered one of the principal
differences between informational and energetic influences, the latter being less sensitive to
frequency (Chun, 2010; Lindberg, 2024).

Based on a review of the literature, it can be concluded that EMFs, especially with
prolonged exposure, can cause physiological and morphological changes in animals (Indiarto,
2023). Changes in body weight and the condition of internal organs depend on the
characteristics of the radiation (frequency, intensity, duration) and the sensitivity of the specific
animal species. Given the inconsistency of the results, the topic requires further in-depth
experimental research (Chun, 2010).

Electromagnetic radiation, as a non-specific stimulus that can trigger a range of adaptive
responses and increase the overall adaptive resistance of the organism, allows the relevance
of this research and the mechanisms of EMR action to extend from fundamental biological to
applied agricultural aspects.

The aim of this study is to investigate the effect of extremely low-frequency pulsed
electromagnetic fields (ELF-PEMF) on the quantitative (weight of the eviscerated carcass and
internal organs) and qualitative (crude protein content in breast muscles) indicators of meat
products in Dominant D959 crossbreed chickens. The results of this study may serve as a
basis for the development of new biotechnological approaches in poultry farming aimed at
improving product quality while maintaining safety and environmental sustainability.

Materials and methods. The study was conducted on Dominant crossbreed chickens,
D959, raised under standard poultry farm conditions. One hundred clinically healthy 6-month-
old chickens were selected for the experiment. They were divided into four experimental groups
and one control group, each consisting of 20 chickens.

Irradiation and feeding of the chickens were carried out according to the experimental
scheme (Table 1). In the magnetobiology laboratory, the room where the experiment was
conducted was completely de-energized, and all external surfaces were covered with foil to
isolate it from external magnetic radiation.

Variable pulse electromagnetic fields (VPEMFs) were generated using a signal generator
capable of producing magnetic fields with individually set frequencies ranging from 0.01 to 20
kHz and oscillation amplitudes from 0 to 100 V, which is equivalent to a power of 150 W.
Voltage and signal modulation control from the generator to the solenoid was performed using
an S1-49 oscilloscope. The induction produced by the VPEMF was monitored with a G-49
microteslameter. Experimental studies involving low-frequency VPEMF were conducted at a
frequency of 8 Hz, which is considered the fundamental frequency of the ionospheric
waveguide and is close to the frequency of certain biorhythms.

After the experiment, 150 days later, the chickens were slaughtered and the carcasses
eviscerated. The eviscerated carcass weight was determined by weighing after removing the
head, legs up to the hock joint, digestive tract, and thoracic and abdominal organs. The mass
of the internal organs was determined separately by weighing the liver, heart, lungs, kidneys,
spleen, and muscular stomach. Before weighing, the organs were rinsed to remove feed
residues and blood. All weighing procedures were carried out using electronic laboratory scales
with an accuracy of 0.01 g.
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Table 1
Experimental design
Group Number
of VLF-EMF irradiation regimen Feeding regimen
chickens
Experimental | 20 Irradiation with VLF-EMF for | Basic diet (BD) + 15%
30 minutes daily for 150 days increased protein level
Experimental | 20 Irradiation with VLF-EMF for | BD + 15% reduced protein
30 minutes daily for 150 days level
20 Irradiation with VLF-EMF for .
Experimental Ill 30 minutes daily every other BD + 150/? increased
protein level
week for 150 days
20 Irradiation with VLF-EMF for o .
Experimental IV 30 minutes daily every other BD +15% :'educed protein
evel
week for 150 days
20 BD with protein content
Control No irradiation according to standard
norms

Note: VLF-EMF — Very Low Frequency Electromagnetic Field; BD — Basic Diet

Crude protein in the breast muscles of chickens was determined in accordance with DSTU
EN ISO 5983-2:2022 Animal feedstuffs — Determination of nitrogen content and calculation of
crude protein content — Part 2: Block digestion and steam distillation method (EN ISO 5983-
2:2009, IDT; ISO 5983-2:2009, IDT).

All obtained experimental data were processed using methods of descriptive and
inferential statistics with the help of Microsoft Excel and Statistica 10.0 software. Results are
presented as mean values (M) and standard deviations (SD). To determine the significance of
differences between group means, the Student’s t-test was used for normally distributed data,
while the Mann—-Whitney U test was applied when the data distribution deviated from normality.
Differences between groups were considered statistically significant atp < 0.05. In cases
where p < 0.01, the differences were considered highly significant.

Results. During slaughter, we performed a veterinary and sanitary assessment of the
carcasses and internal organs of the experimental chickens, which revealed no deviations from
the norm.

A comparative analysis of the eviscerated carcass weight of chickens from different
experimental and control groups (Table 2) demonstrated significant changes under the
influence of low-frequency variable pulse electromagnetic fields (VPEMF-LF). Specifically, the
eviscerated carcass weight in birds from the first and second experimental groups exceeded
that of the control group by 1.29 and 1.24 times, respectively (p <0.05). This indicates a
pronounced positive effect of VPEMF-LF on body weight gain in these groups.

At the same time, the carcass weight in chickens from the third and fourth experimental
groups was lower than that of the control group, although these differences were not
statistically significant.

As for the internal organ weights, although certain fluctuations were observed between the
experimental groups and the control group, none of the differences were statistically significant.
This indicates a stable physiological condition of the internal organs in all groups, which, on
the one hand, confirms the safety of the applied VPEMF-LF exposure regimens, regardless of
the protein content in the diet, and on the other hand, demonstrates the lack of substantial
influence on the development of internal organs.
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Table 2
Eviscerated carcass weight and internal organ weights in chickens
(M *m, n=100)
. Control
Indicator Group Group | Group I Group Il Group IV
Eviscerated body 2.00 1.92
weight, kg 1.55 £0.09 +0.11* +0.09* 1.50 £0.12 | 1.51 £0.08
: 38.72 38.23 37.91 37.98
I £0.93 +1.16 s102 | 3847081 | 40
S o 10.28 10.71 10.13
g’ 4 Heart +0.89 9.64 +0.70 +0.65 9.69 +£0.83 +0.92
T 5,/ Lungs 9.23£0.48 | 9.78 +0.68 | 8.96 £0.70 | 8.84 +0.48 | 8.63 £0.51
qE, ‘o | Kidneys 8.03 £0.39 | 8.25+0.35 | 7.99+0.30 | 7.88 +0.29 | 7.80 +0.44
= = Spleen 2.99 £0.19 | 3.25+0.31 | 2.73+0.22 | 3.04 +0.43 | 3.10 £0.20
- Muscular 38.48 38.90 38.74 37.95
stomach £1.27 +2.47 1216 | 385420921 g6

Note: *p < 0.05 — statistically significant difference compared to the control group.

Based on the conducted research, it was found that the crude protein content in the breast
muscles of chickens from the fourth experimental group, where VPEMF-LF exposure
alternated with weekly breaks and the protein level in the diet was 15% below the norm,
reached its maximum level, exceeding that of the control group by 1.06 times, which is
statistically significant at p < 0.01 (Fig. 1).

23.95
X 23.79
o 23.65
S
§ m Control Group
k= u Group |
2
2 22.59 Group II
2 Group III
E = Group IV

Fig. 1. Crude protein content in the hydrolysates of breast muscle proteins in
experimental chickens

Under a similar VPEMF-LF exposure regimen but with a 15% increase in dietary protein,
the crude protein content in the breast muscles of chickens from the third experimental group
was slightly lower than in group 1V, yet 1.04 times higher than the control group (p < 0.05).

Data analysis shows that in the first experimental group, where birds were exposed to
VPEMEF-LF continuously without interruption and received a protein-enriched diet, the crude
protein content in breast muscles was 1.05 times higher (p < 0.01) compared to the control
group.

Conversely, under the same exposure regimen but with a protein-deficient diet (second
experimental group), the crude protein level in breast muscle hydrolysates was slightly lower
than the control value, although the difference was not statistically significant.
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Discussion. In today's context, with the active implementation of technologies that
generate electromagnetic fields (EMF), it is important to study their effects on biological
systems. Particular interest lies in changes in the morphofunctional state of the organism,
including body weight and the condition of the internal organs of animals under the influence
of EMF, specifically low-frequency alternating pulse electromagnetic radiation (Prosyanyi,
2021; Chun, 2010; Lindberg, 2024).

The results of studies on the effect of EMF on the body weight of animals are contradictory.
It has been established that radiofrequency radiation causes a decrease in the mass of chicken
embryos (Siddigi, 2019). At the same time, research (Dyche, 2012) showed no significant
changes in body weight under the influence of low-frequency EMF, suggesting that the effect
depends on the intensity and duration of exposure.

Studies on laboratory animals indicate that chronic exposure to EMF can lead to structural
and functional changes in internal organs. Specifically, researchers (Zymantiené, 2020)
confirm structural and functional changes in the internal organs of laboratory animals after
chronic exposure to electromagnetic fields.

Data on the effects of EMF on the cardiovascular system, kidney, and liver function show
that prolonged exposure to low-intensity EMF can cause both adaptive and pathological
changes in the body (Yakymenko, 2011). Studies also recorded structural changes in the heart
muscle of chicken embryos after incubation under EMF conditions (Pawlak, 2018). Other
studies point to the possible influence of EMF on the hormonal balance, which, in turn, may
affect body weight growth. In animal experiments, slight fluctuations in weight were observed
depending on the exposure parameters (Nisbet, 2016).

However, information on the specific effects of low-frequency extremely low-frequency
EMF (ELF-EMF) on birds is rather limited.

Our comparative analysis of the slaughter weights of chickens from the experimental
groups indicates significant changes under the influence of experimental ELF-EMF exposure
regimes. Specifically, chickens from the first and second experimental groups showed a
significant statistically reliable increase in this parameter compared to the control group,
indicating a real biological effect of the conditions used in these groups.

The results suggest that continuous, uninterrupted, prolonged exposure to ELF-EMF for
30 minutes daily, as applied in the first and second experimental groups, positively affects
muscle mass formation and overall growth intensity. Regardless of the protein content in the
diet, ELF-EMF acts as a stimulating factor influencing the overall meat productivity of the
poultry. Meanwhile, in the third and fourth experimental groups, the increase in slaughter
weight was negligible, and statistical analysis revealed no significant difference compared to
the control group. This may suggest that intermittent exposure, with weekly intervals of 30
minutes daily, did not significantly affect the growth intensity of the chickens in these groups.

These results allow us to hypothesize that continuous exposure to ELF-EMF without
breaks contributed to more efficient nutrient absorption, intensified metabolic processes, and,
as a result, more active muscle mass growth. On the other hand, the absence of significant
changes in the third and fourth experimental groups compared to the control suggests that
periodic but prolonged exposure to ELF-EMF had no substantial effect on the muscle mass
increase in chickens.

Regarding the mass of internal organs, the analysis demonstrated certain fluctuations
between the experimental and control groups. However, statistical processing of the data did
not reveal significant differences, which may suggest no substantial impact of the experimental
factors we used on the morphofunctional state of the internal organs. On the one hand, this
indicates the biological safety of the applied approaches since no developmental disorders or
hypertrophy of specific organs were detected, while on the other hand, it indicates a selective
effect of ELF-EMF mainly on muscle tissue.

Thus, the results of the study point to the potential of the methods used in the first and
second experimental groups for improving poultry productivity. Further research could focus
on determining the mechanisms of these effects, optimizing their dosage or conditions of
application.
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The analysis of the conducted scientific studies allows us to conclude that the effect of
EMF may have both positive and negative effects on protein metabolism in animal muscles,
depending on the exposure parameters (frequency, intensity, duration) and the physiological
state of the organism.

In particular, in the study (Morabito, 2024), the effect of extremely low-frequency
electromagnetic fields on the skeletal muscles of adult mice was found to cause oxidative
stress with short-term exposure, which is subsequently compensated by adaptive mechanisms
in muscle tissue. Specifically, an increase in protein carbonyl content in muscles was observed
after the first and fifth weeks of exposure, indicating oxidative protein damage.

Meanwhile, the effect of pulsed electromagnetic fields can stimulate muscle cell
proliferation and accelerate muscle tissue regeneration processes without inducing apoptosis
or significantly disrupting metabolic activity (Zhang, 2016).

Our research showed that the impact of ELF-EMF combined with different protein levels in
the diet had a significant effect on the raw protein content in the breast muscles of chickens.
The highest protein content was observed in the fourth experimental group, where exposure
alternated with weekly breaks under conditions of protein deficiency (15% less than normal).
In this case, protein content exceeded the control level by 1.06 times (p<0.01), which may
indicate adaptive protein metabolism processes in response to intermittent stress caused by
the electromagnetic field.

Similar results align with other researchers' data (Takegaki, 2017; Reed, 2023), which
suggest that intermittent stress factor exposure can activate protein metabolism and stimulate
protein synthesis in tissues. Likely, alternating periods of exposure with recovery phases
contribute to the activation of compensatory metabolic rearrangement mechanisms, allowing
the body to use available protein resources more efficiently, even with dietary protein
deficiency. Thus, intermittent exposure creates a favorable environment for activating
compensatory protein metabolism mechanisms, even in conditions of limited protein intake.

In the third experimental group, where the ELF-EMF exposure regime with breaks was also
applied but the protein content in the diet was higher, a slight decrease in protein content was
observed compared to the fourth group, yet the level still exceeded the control by 4% (p<0.05).
This phenomenon can be explained by studies from other authors (Morabito, 2017; Morabito,
2024), who established that low-frequency electromagnetic fields can affect protein metabolism
in muscle tissues. Specifically, the study (Gerardi, 2008) showed that low-frequency EMF
exposure leads to an increase in protein content in rat muscles, likely due to the activation of
protein synthesis processes through stress-induced adaptation. Similar data on other tissues
is provided by Lin (2011), where osteoblasts (7F2) were exposed to low-frequency pulsed
electromagnetic fields (75 Hz, 1.5 mT) for 9 hours under inflammatory conditions. The results
showed a significant increase in cell proliferation (by 23%) and expression of type | collagen
mRNA (by 3.4 times) compared to the control, indicating activation of protein synthesis
processes in cells. This study demonstrates that low-frequency electromagnetic fields can
affect protein metabolism in cells, not limited to muscle tissue.

Interestingly, in the first group (continuous exposure + increased protein content in the
diet), protein levels were also high (1.05 times higher than the control, p<0.01). This aligns with
data indicating that a high-protein diet promotes increased muscle protein synthesis (Fouad,
2014), and continuous exposure, although exerting some stress, when combined with optimal
feeding, may stimulate anabolic processes.

On the other hand, in the second group (continuous uninterrupted exposure + protein
deficiency), a decrease in raw protein content was observed to a level lower than the control,
though the difference was not statistically significant. This indicates the destructive effect of
continuous ELF-EMF exposure combined with protein deficiency, suppressing anabolism and
promoting catabolic processes, as also indicated by some researchers (Gunes, 2020;
Morabito, 2024).

Thus, the results suggest that alternating exposure periods with recovery phases (absence
of ELF-EMF exposure) under even moderate protein deficiency may have a more pronounced
positive effect on muscle protein synthesis than continuous exposure with adequate or
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excessive protein supply. This highlights the importance of the exposure regime as a factor
modulating the metabolic response of the organism.

Conclusion. Continuous daily exposure of chickens to ELF-EMF for 30 minutes per day
leads to a significant increase in the weight of the slaughtered carcass compared to the control,
indicating a stimulating effect of such regimes on the meat productivity of the birds. In chickens
subjected to intermittent exposure (30 minutes daily with weekly intervals), the increase in
carcass weight was insignificant and did not reach statistical significance, indicating the
insufficient effectiveness of this mode of ELF-EMF exposure. The absence of significant
changes in the mass of internal organs in all groups suggests a selective action of ELF-EMF,
with a predominant effect on muscle tissue without disrupting the morphological and functional
state of internal organs.

The effect of ELF-EMF, combined with different protein levels in the diet, significantly
influences the crude protein content in the breast muscles of chickens. The highest level of
crude protein in muscle tissue (6% higher than the control, p <0.01) was observed in the
experimental chickens, where ELF-EMF exposure alternated with weekly breaks under
conditions of protein deficiency (15% below the norm), indicating the activation of
compensatory adaptive mechanisms in protein metabolism in response to intermittent stress.

Conditions of continuous ELF-EMF exposure combined with an increased protein level
(+15%) also contributed to the increase in crude protein content in the muscles (5% higher
than the control, p <0.01). However, in the presence of protein deficiency, the protein level in
such conditions decreased to values lower than the control, indicating the catabolic effect of
prolonged ELF-EMF exposure in conditions of protein insufficiency. The obtained results
suggest that intermittent exposure to ELF-EMF has a more pronounced positive effect on
muscle protein synthesis, even under conditions of limited protein intake, compared to
continuous exposure under optimal or excessive protein provision.
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BMNIUB HEIOHI3YIOYOI PAOIALUII HA KINMBKICHI TA AKICHI MOKA3HUKU M’ACHOI
NPOAYKUII KYPEN

Mpocanun C.B., Noptok KO.B. (ORCID: 0000-0002-7162-8992), CaiHuiubka O.0.

3aknag BuwoOil ocBiTM «[ModinbCbkun Oep)aBHUM YHiBepcuTeT», Kam’siHeub-loginbCcbkun,
YkpaiHa, email: goruky@ukr.net

Pe3rome. 3pocmaroyul iHmepec 00 HeIioHIi3yto4oi padiauii ma ii Moxrnueo2o 6iosio2idyHo20
eriniusy cripusie akmusizauii 0ocnioxxeHb Wo0o i 3acmocyeaHHs y meapuHHuymaei. Y cmammi
pPO32719HYMO 8r171U8 HeIoHI3ytoHoi padiaujii (3MIHHO20 iIMIySIbCHO20 eIeKmpoMagHIimHo20 rnoJsisi
HadHu3bKoi Yacmomu (3IEMI HHY) Ha npodykmueHi nokasHUKuU Kypel KomMb6iHoO8aHO20
Hanpsimy rnpodykmusHocmi Kpocy [omiHaHm, [gse. npoaHasizoeaHo 3MiHU 8 Maci rnampaHoi
MyWwKuU ma OKpeMux 8HYmMPpIWHIiX op2aHie 3a yMO8 8ri/iugy pPIi3HUX PIieHI8 HEeIOHI3yt4020
8UMNMPOMIHIOB8aHHS ~ HalHU3bkoi  Yacmomu.  Okpemy  ygazcy  rnpudinneHo  SKICHUM
Xxapakmepucmukam M’sica — eMicmy cupo20 rnpomeiHy 8 aidponizamax 6inkKie epyOHUX M’S3i8
oocnidHux Kypeu. NposedeHe OOCiOXeHHS 3acg8i0qusio 8i0CymHiCmb NamosiogiyHUX 3MiH y
8HYmMpiWHix opaaHax Kyped nicnsa ennuesy 3IEMI HHY, wo nidmeepdxye 6ionoaidyHy
b6e3srneyHicmb 3acmocogaHUX PEeXUMIi8 OrNPOMIHEHHSI He3asleXXHO 8i0 emMicmy rpomeiHy 8
pauioHi. Pe3ynbmamu docridxXeHHS cgid4amb, WO 3a MNesHUX 8UKOpUCMaHUX Hamu pexxumie
OMPOMIHEeHHS, 8UHUKamMb CMamucmu4yHO 8ip02iOHi 3MIHU y OO0CniOXy8aHUX MOKa3HUKaXx.
3okpema, susisrieHo, docmoeipHe 3pocmaHHs Macu rnampaHoi mywku Kypeu rid ensiueom
HeioHi3yto4oi padiauil 3a cxemoro ornpomMiHeHHs no 30 xeurnuH wodobu erpoooesx 150 0ib,
e2odiens sKux rnpoeoodusnack 3 nidsuUweHUM abo noHUXeHUM Ha 15 % emicmom rpomeiHy &
pauioHi. lNMposedeHi docnidKeHHs ceiddamb PO MOMeHUIUHO MNo3UmMueHy porsib NepioduYHO20
ennusy 3IEMI HHY sk adanmoz2eHHO20 YUHHUKa, Wo cripusie 3bepexeHHo abo Hasimb
nidsuUWeHHK emicmy rnpomeiHy 8 M’308ill mKaHUHI, 0cobsiueo 3a yMo8 roMipHoO20 cmpecy i
adanmaujtiHozo binnkogoeo degpiyumy. Y mou xe 4ac, nocmitHa 0is EMI npu degpiyumi
MOXXUBHUX pe4y0o8UH Mae rpuzHidysaHul egpekm Ha binkosuli obmiH. OmpumaHi 0aHi 0aromb
niocmaesu eeaxamu 3IEMIT HHY nepcrnekmusHumM c¢hbakmopom Oriss cmumMynsuii pocmy
M’s130801 Macu Kyped, a nocmitiHuli pexxum OrnpoMiHEeHHS — Birlblu eghbeKmMuU8HUM Y OPIBHSIHHI
3 repioOu4YHUM. Pexxum ernnuey esieKmpomMazHimHo20 nosis crid polansadamu siK eaxrusuu
peaynamop memaboniyHux npouecie, 30amHul modyroeamu egekmusHicme b6irlko8o2o
0bMiHy 3arnexHo 8i0 xap4o8020 cmamycy op2aaHiamy. [lodanbwi OocridKeHHS OOoUiNIbHO
crpsaMysamu Ha 8UBYEHHSI MexaHi3Mie ernugy, a makox onmumizauiro rnapamempis
3acmocysaHHs 3IEMI  HHY y nmaxieHuuymei 0Onsi  OOCS2HEHHS  MaKcumasibHOi
npooyKmMueHoOCMI.
KnroyoBi cnoBa: HeioHisytoua pagiauisa, 3IEMIT HHY, kypun kpocy [HomiHaHT [1959,
NPOAYKTUBHICTb, Maca TYLUKWN, BHYTPILLHI OpraHn, M’s30Ba TKaHWHa, CUpU NpoTeiH
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Abstract. Since insulin resistance is a component of the pathogenesis of many diseases,
including the development of metabolic syndrome, its detection and elimination should be
considered as an important and necessary means of preventing diseases and their
complications. Unlike many complex methods, the data of integral indices are the main ones
for detecting insulin resistance disorders. Thus, the aim of the work was to diagnose insulin
resistance in horses using homeostatic indices and to establish their practical significance. For
the study, 18 horses were used, which were divided into 2 groups according to the scoring of
physical condition, which was carried out by two independent veterinary specialists. The
calculation of integral indices: HOMA-IR index, HOMA-B index, Caro index, metabolic index,
atherogenicity index was performed according to the literature. It was found that the HOMA-
index and the HOMA-IR index were significantly increased by 18.1% (p<0.01) and 3.7 times
(p<0.01) compared to the control; Caro index in horses with insulin resistance was reduced by
39.4% (p<0.05); metabolic index increased by 82.5% (p<0.01); atherogenicity index in horses
with insulin resistance was 54.9% (p<0.05) higher than in control. However, when studying the
ALT/AST ratio and the Matsuda index, no correlation was found. Thus, in order to assess the
development of insulin resistance, appropriate indices have been proposed, the calculation of
which is based on data on carbohydrate and lipid metabolism and which complement the data
on the pathogenesis of this condition. However, in horses, the choice of a method for studying
insulin resistance requires a thorough study.

Keywords: insulin resistance, integral indices, horses, metabolic syndrome, obesity.

Introduction. In modern medicine and veterinary medicine, the metabolic syndrome is
one of the most widely discussed problems. This syndrome is a major problem in cardiology,
endocrinology, and therapy (Girvalaki, 2014). Comparative analysis of the pathophysiological
mechanisms of metabolic syndrome in humans and animals indicates the presence of common
pathogenesis, in particular, disorders of insulin sensitivity, glucose homeostasis and lipid
metabolism. In animals, as in humans, lifestyle factors play a key role in the development of
insulin resistance: physical inactivity, excessive energy intake, and chronic stress. Establishing
these parallels allows the use of veterinary models to study human metabolic disorders and
substantiates the prospects of translational approaches to assessing risk factors and
pathogenic targets (Alemu, 2021; Bamford, 2019).

Animal models, in particular horses, dogs and rodents, have significant potential in the
study of insulin resistance, given the similarity of clinical manifestations and metabolic
reactions to similar processes in humans. For example, the use of the oral glucose tolerance
test to assess insulin sensitivity in horses allows non-invasive monitoring of glucose
metabolism, which can be adapted for screening programs in high-risk human populations.
Such an interdisciplinary approach enhances the scientific understanding of the mechanisms
of metabolic disorders and contributes to the improvement of preventive and therapeutic
strategies in human medicine (Durham, 2021; Hukkanen, 2022).

Metabolic syndrome is a pathogenetically interrelated metabolic disorder in the body. A
large complex of factors involved in the onset of this syndrome hinders accurate scientific
understanding of its pathophysiological mechanisms. It was first described as an independent
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symptom complex of clinical manifestations in 1980 (da Silva, 2020). In 1985, S. Eaton and M.
Konnor hypothesized that the increase in the number of diseases of civilization in the second
half of the twentieth century was due to the fact that the genes of modern humans, adapted by
a long evolutionary process to the nutritional behavior of ancestors, are not able to ensure
health in the face of a dramatic change in lifestyle over the past 100 years. The intensity of
stress against the background of an unbalanced diet has significantly reduced the ability to
adequately adapt, not only in humans but also in animals, and formed the basis for many
diseases (Daradics, 2021). Insulin resistance (IR) is closely related to the metabolic syndrome,
which includes dyslipidemia, hypertension, and obesity, leading to an increased risk of
cardiovascular disease. Originally proposed to describe patients with diabetes who require high
doses of insulin (Er, 2016), is now defined as reduced sensitivity (maximum insulin effect) or
sensitivity (insulin concentration required for a half-maximal response) to the metabolic actions
of insulin, such as insulin-mediated glucose utilization by muscle and adipose tissue and
inhibition of gluconeogenesis in the liver (Muniyappa, 2008). Insulin, a peptide hormone
consisting of 51 amino acids, is the most important hormone for energy metabolism, such as
glucose, fat, and protein, as well as for maintaining homeostasis. The most difficult to perform
is the clamp test, also called the gold standard (DeFronzo, 2004). Insulin resistance is
determined in different ways (Borai, 2011). The simplest ones include simultaneous
determination of fasting insulin and glucose levels, which allows to assess the effectiveness of
the body's tissue response to insulin, which is a key component in assessing insulin
dysregulation, which is characteristic of the pathological state of insulin resistance (Park,
2021). Unlike many complex methods, the main ones for detecting insulin resistance disorders
are the data of the HOMA-IR, HOMA-B index, glucose-to-insulin and glucose-to-C-peptide
ratios (Goswami, 2010), as well as elevated levels of alanine aminotransferase and aspartate
aminotransferase, which indicate the presence of IR (Mather, 2001). Since IR is a component
of the pathogenesis of many diseases (type 2 diabetes mellitus, atherosclerosis, congestive
heart failure, laminitis, etc.), its detection and elimination should be considered an important
and necessary means of preventing diseases and the development of their complications
(Gomez-Serrano, 2016). In our previous studies, an oral glucose tolerance test was chosen to
assess insulin and non-insulin glucose dynamics because of its practicality and physiological
relevance. The test assesses hyperinsulinemia and insulin dysregulation after glucose
ingestion, and it has been actively used to determine insulin sensitivity in horses and ponies
(Borovkov, 2024). However, modern diagnostics includes the evaluation of HOMA-IR, HOMA-
B, de Ritis, metabolic index, and atherogenicity data due to their practicality and physiological
significance. Thus, the metabolic syndrome as a consequence of insulin resistance is a
complex problem, the solution of which should be aimed at reducing the prevalence of obesity,
early detection to modify risk factors.

The aim of study. To diagnose insulin resistance in horses using homeostatic indices
and to establish their practical significance.

Materials and methods. Horses of different breeds, sexes and physical condition were
used for the study. Feeding and housing conditions met the physiological needs of the animals.
The animals' diet was balanced in terms of essential nutrients, and all animals had free access
to water and enjoyed walking. A total of 18 horses were used in the study and were divided
into 2 groups based on a scoring assessment of physical condition, which was conducted by
two independent veterinary specialists. All horses were kept on pasture with free access to
grass hay without concentrate feeding. The horses were placed in a stall the evening before
testing and given free choice of hay, grass, and water overnight; the next morning, 2 hours
before testing, access to feed was restricted and a halter was placed on the horse. The
calculation of integral indices, which are relevant in the study of insulin resistance, was
performed according to the literature (Melnyk, 2024; Gutch, 2015).

All animal studies were conducted in accordance with the basic principles of bioethics,
in accordance with the European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (1986) and the General Ethical Principles for
Animal Experiments adopted by the First National Congress on Bioethics (2012).
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The obtained results were processed by methods of variation statistics using the
analysis of variance (ANOVA) software package StatPlus 5.9.8.5 (AnalystSoft Inc., USA). The
reliability of the results was assessed by the Tukey's test (HSD difference of means) at the
level of probability p<0.05, p<0.01 and p<0.001.

Results. During the studies described in detail in the previous work (Borovkov et al.,
2024), all horses were divided into 2 groups according to their physical condition using a
scoring system. The first group included 9 horses with an average BCS score of 4.75 (4.5-6.5),
while the experimental group was formed of animals with a BCS score of 6.5 (5.5-8.0). There
was no significant difference between the groups. The average age in the first group was
10.3+2.3 (8-15) years, and in the experimental group 13.5£2.6 (10-18) years. The assessment
is carried out using points from 1 to 9, where 1 is a very thin horse and 9 is morphologically
overweight. During the evaluation, researchers pay attention to several key areas: in healthy
horses, the outline of the spine is clearly visible, while in thin horses it is more noticeable, and
in obese horses, fat is felt. In good physical condition, the ribs should not be visible, but you
can feel them with your fingers. In thin horses, the ribs protrude, and in overweight horses, they
can be completely invisible. Hair coat and coat quality are also an indicator of physical
condition: a healthy horse has a shiny, supple coat, while a thin horse has dull and tousled
hair. It is also important to assess the presence and intensity of fat deposits on the sides, neck
and behind the ears (Borovkov, 2024).

In the present study, the HOMA model and a set of interrelated risk factors for
cardiovascular disease and insulin resistance were used to calculate the indices, which are
presented in Table 1. The animal serum parameters necessary for the calculation of the
relevant indices were obtained in advance and described in our previous work (Borovkov,
2024)

Table 1

Integral blood serum indices in horses with insulin resistance (n=10)

Animal HOMA-IR HOMA- Caro index | Metabolic Atherogenicity
groups index index index index

horses 11,2+0,34** | 75,5+£0,52** | 0,20+£0,01* | 2,30+0,03** 0,79+0,02*
with IR

control 3,0+0,15 89,2+0,48 | 0,33+0,02 1,26+0,01 0,51+0,03

Notes: * - p<0.05, ** - p<0.01, compared to the control

To calculate the HOMA index, the ratio of basal insulin and blood glucose concentrations
is used, which reflects the balance between endogenous glucose production in the liver and
insulin secretion by B-cells, which is maintained by the principle of negative feedback. This
homeostatic model has two pillars: the first is the degree to which basal glucose concentration
increases in response to insulin deficiency, which reflects the shape of the normal insulin
secretory response to glucose; the second is that basal insulin levels are directly proportional
to insulin resistance (Lim, 2019; Park, 2021). When assessing B-cell function and peripheral
tissue IR using the HOMA model, significant differences between the groups were obtained.
The HOMA-B and HOMA-IR indices were significantly increased by 18.1% (p<0.01) and 3.7
times (p<0.01) compared to the control. It is likely that high insulin requirements in insulin-
resistant animals lead them to the manifestation of the disease and a decrease in the functional
activity of B-cells (Thunander, 2011). According to the literature, in case of insulin resistance,
the endocrine part of the pancreas reacts with compensatory changes in the function and mass
of B-cells, which leads to hyperinsulinemia and excessive insulin production to maintain normal
glucose levels (Movahedi, 2016).

Other calculated indices have been proposed to determine insulin resistance. The most
famous is the F index. Caro is the ratio of fasting blood glucose to fasting insulin concentration
(Caro, 1991). Thus, as a result of our study, it was found that the Caro index in horses with
insulin resistance was reduced by 39.4% (p<0.05) compared to healthy animals. It should also
be noted the well-known Bennett's index, which is calculated as 1 divided by fasting insulin and
multiplied by fasting glucose (Anderson, 1995), but in horses this index is less informative. The
Matsuda index should also be taken into account, which allows you to calculate insulin
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sensitivity. The index is calculated on the basis of fasting serum glucose (mg/dl) and insulin
(mlU/l) concentrations. However, the results of the study indicate that in female animals with a
history of metabolic disorders, this index is less sensitive to detect early changes associated
with insulin resistance (Melnyk, 2024). This may indicate a complex mechanism that regulates
glucose homeostasis and correlates with hormonal variations, which requires further
investigation (Lechner, 2021).

The state of insulin resistance, in turn, causes dysregulation of lipid metabolism, which
is manifested not only in changes in the lipid spectrum of the blood (which is usually determined
in patients), but also in changes in the fatty acid spectrum of circulating lipid fractions (Lonardo,
2005). According to the current literature, it is known that the development of cardiovascular
disease is a consequence of insulin resistance, which affects the depth of the processes. Since
IR is of high clinical importance, the ability to assess the depth of IR in animals before the
development of cardiometabolic disorders is of great importance. Based on this, the
determination of the index of metabolic disorders in insulin resistance reflects a functional
disorder of the cardiovascular system. Its advantages are increased sensitivity to the initial
changes in lipid composition, as well as to disorders of glucose metabolism. Analyzing the
results of the table, it was found that in horses with insulin resistance, the metabolic index was
increased by 82.5% (p<0.01) compared to healthy animals (Tahapary, 2022)

Information about the balance between atherogenic and antiatherogenic lipoproteins is
provided by an index that reflects the ratio between low-density lipoprotein, LDL, and high-
density lipoprotein, HDL, and blood cholesterol (Lonardo, 2005). The atherogenicity index
complements the data of the metabolic index and indicates the risk of atherosclerotic plaque
formation, which in turn reflects the functional state of the cardiovascular system (Lee, 2021).
According to our data, the atherogenicity index in horses with insulin resistance is 54.9%
(p<0.05) higher than in controls, indicating a high level of atherosclerotic changes.

There is evidence in the literature that the assessment of the ALT/AST ratio reflects the
prediction of insulin resistance regardless of comorbidities, and their activity consistently
correlated with the above-described insulin resistance indices. The authors found that the
ALT/AST ratio is a more useful prognostic marker than HOMA-IR (Han, 2024). As a result of
our research on insulin resistance in horses, no such correlation was found, which requires
more detailed study.

Conclusion. Thus, in order to assess the development of insulin resistance, appropriate
indices have been proposed, the calculation of which is based on data on carbohydrate and
lipid metabolism and which complement the data on the pathogenesis of this condition.
However, in horses, the choice of a method for studying insulin resistance requires a thorough
study.

REFERENCES

1. Anderson R.L., Hamman R.F., Savage P.J., Saad M.F., Laws A,
Kades W.W., Sands R. E., Cefalu W. (1995). Exploration of simple insulin sensitivity measures
derived from frequently sampled intravenous glucose tolerance (FSIGT) tests. The Insulin
Resistance Atherosclerosis Study. American journal of epidemiology, 142(7), 724-732.
https://doi.org/10.1093/aje/142.7.724.

2. Borai A., Livingstone C., Kaddam I., Ferns G. (2011). Selection of the appropriate
method for the assessment of insulin resistance. BMC medical research methodology, 11, 158.
https://doi.org/10.1186/1471-2288-11-158.

3. Borovkov S.B. (2024). Improvement of the method for the diagnosis of insulin
resistance in horses. Veterinary Medicine: inter-departmental subject scientific collection,
(110), 210-216. https://doi.org/10.36016/vm-2024-110-32.

4. Borovkov S.B., Boiko V.S, Paliy AP, Borovkova V.M.,
Pavlichenko O.V., Gerilovych I. O. (2024). Diagnostic significance of biochemical parameters
of blood serum of ponies in obesity. Regulatory Mechanisms in Biosystems, 15 (4), 856-861.
https://doi.org/10.15421/0224123.

I  One Health Journal. 2025. Vol. 3. N. 4 I
36



Section 3

5. Caro J.F. (1991). Clinical review 26: Insulin resistance in obese and nonobese
man. The Journal of clinical endocrinology and metabolism, 73(4), 691-695.
https://doi.org/10.1210/jcem-73-4-691.

6. da Silva A.A., do Carmo J.M., Li X., Wang Z., Mouton A.J., Hall J.E. (2020). Role
of Hyperinsulinemia and Insulin Resistance in Hypertension: Metabolic Syndrome Revisited.
The Canadian journal of cardiology, 36(5), 671-682. https://doi.org/10.1016/j.cjca.2020.02.066.

7. Daradics Z., Crecan C.M., Rus M.A., Morar |.A., Mircean M.V., Catoi A.F., Cecan
A.D., Catoi C. (2021). Obesity-Related Metabolic Dysfunction in Dairy Cows and Horses:
Comparison to Human Metabolic Syndrome. Life (Basel, Switzerland), 11(12), 1406.
https://doi.org/10.3390/life11121406.

8. DeFronzo R. A. (2004). Pathogenesis of type 2 diabetes mellitus. The Medical
clinics of North America, 88(4), 787-835. https://doi.org/10.1016/j.mcna.2004.04.013.

9. Durham A.E., Frank N., McGowan C.M., Menzies-Gow N.J,
Roelfsema E., Vervuert |., Feige K. (2021). Diagnosis and management of equine endocrine
disorders: Pituitary pars intermedia dysfunction and equine metabolic syndrome. Equine
Veterinary Journal, 53(3), 529-546. https://doi.org/10.1111/evj.13384idppid.com.

10. Er L. K., Wu S., Chou H.H., Hsu L.A., Teng M.S., Sun Y.C., Ko Y.L. (2016).
Triglyceride Glucose-Body Mass Index Is a Simple and Clinically Useful Surrogate Marker for
Insulin  Resistance in Nondiabetic Individuals. PloS one, 11(3), e0149731.
https://doi.org/10.1371/journal.pone.0149731.

11.  Girvalaki C., Vardavas C., Papandreou C., Christaki G., Vergetaki A., Tsiligianni
I.G., Hatzis C., Kafatos, A. (2014). Trends in metabolic syndrome risk factors among
adolescents in rural Crete between 1989 and 2011. Hormones (Athens, Greece), 13(2), 259-
267. https://doi.org/10.1007/BF03401340.

12. Gomez-Serrano M., Camafeita E., Garcia-Santos E., Loépez J.A,
Rubio M.A., Sanchez-Pernaute A., Torres A., Vazquez J., Peral B. (2016). Proteome-wide
alterations on adipose tissue from obese patients as age-, diabetes- and gender-specific
hallmarks. Scientific reports, 6, 25756. https://doi.org/10.1038/srep25756.

13. Goswami B., Singh B., Chawla R., Gupta V.K., Mallika V. (2010). Turn Around
Time (TAT) as a Benchmark of Laboratory Performance. Indian journal of clinical biochemistry:
IJCB, 25(4), 376-379. https://doi.org/10.1007/s12291-010-0056-4.

14. Gutch M., Kumar S., Razi S.M., Gupta K.K., Gupta A. (2015). Assessment of
insulin sensitivity/resistance. Indian journal of endocrinology and metabolism, 19(1), 160-164.
https://doi.org/10.4103/2230-8210.146874.

15. Han S.K,, Seo M.J., Lee T., Kim M.Y. (2024). Effectiveness of the ALT/AST ratio
for predicting insulin resistance in a Korean population: A large-scale, cross-sectional cohort
study. PloS one, 19(5), e0303333. https://doi.org/10.1371/journal.pone.0303333.

16. Hukkanen R.R., et al. (2022). Translational potential of mouse models of human
metabolic disease. Cell, 185(5), 841-856.
https://doi.org/10.1016/j.cell.2022.01.002Cell+1ScienceDirect+1.

17.  Lechner K., Lechner B., Crispin A., Schwarz P.E.H., von Bibra H. (2021). Waist-
to-height ratio and metabolic phenotype compared to the Matsuda index for the prediction of
insulin resistance. Scientific reports, 11(1), 8224. https://doi.org/10.1038/s41598-021-87266-z.

18. Lee J., Kim B., Kim W., Ahn C., Choi H.Y., Kim J.G., Kim J., Shin H., Kang J.G.,
Moon S. (2021). Lipid indices as simple and clinically useful surrogate markers for insulin
resistance in the U.S. population. Scientific reports, 11(1), 2366.
https://doi.org/10.1038/s41598-021-82053-2.

19. Lim J., Kim J., Koo S.H., Kwon, G.C. (2019). Comparison of triglyceride glucose
index, and related parameters to predict insulin resistance in Korean adults: An analysis of the
2007-2010 Korean National Health and Nutrition Examination Survey. PloS one, 14(3),
€0212963. https://doi.org/10.1371/journal.pone.0212963.

20. Lonardo A., Lombardini S., Ricchi M., Scaglioni F., Loria P. (2005). Review
article: Hepatic steatosis and insulin resistance. Alimentary pharmacology & therapeutics, 22
Suppl 2, 64-70. https://doi.org/10.1111/j.1365-2036.2005.02600.x.

I One Health Journal. 2025. Vol. 3. N. 4 I
37



Section 3

21.  Mather K.J., Hunt A.E., Steinberg H.O., Paradisi G., Hook G., Katz A., Quon M.J.,
Baron A.D. (2001). Repeatability characteristics of simple indices of insulin resistance:
implications for research applications. The Journal of clinical endocrinology and metabolism,
86(11), 5457-5464. https://doi.org/10.1210/jcem.86.11.7880.

22. Melnyk A.A., Furman O.V., Rudenko A.A., Dzis N.P., Khytruk K.M., Khytruk S.V.
(2024). Comparison of the informational content of the HOMA and Matsuda indices as leading
diagnostic indicators of insulin resistance. Clinical and Preventive Medicine, (7), 38-43.
https://doi.org/10.31612/2616-4868.7.2024.04.

23. Movahedi M., Beauchamp M.E., Abrahamowicz M., Ray D.W., Michaud K., Pedro
S., Dixon W.G. (2016). Risk of Incident Diabetes Mellitus Associated With the Dosage and
Duration of Oral Glucocorticoid Therapy in Patients With Rheumatoid Arthritis. Arthritis &
rheumatology (Hoboken, N.J.), 68(5), 1089-1098. https://doi.org/10.1002/art.39537.

24. Muniyappa R., Lee S., Chen H., Quon M.J. (2008). Current approaches for
assessing insulin sensitivity and resistance in vivo: advantages, limitations, and appropriate
use. American journal of physiology. Endocrinology and metabolism, 294(1), E15-E26.
https://doi.org/10.1152/ajpendo.00645.2007.

25. Park S.Y., Gautier J.F., Chon S. (2021). Assessment of Insulin Secretion and
Insulin Resistance in Human. Diabetes & metabolism journal, 45(5), 641-654.
https://doi.org/10.4093/dm;.2021.0220.

26. Ragno V.M., Zello G.A., Klein C.D., Montgomery J.B. (2019). From table to
stable: A comparative review of selected aspects of human and equine metabolic syndrome.
Journal of Equine Veterinary Science, 79, 131-138.
https://doi.org/10.1016/j.jevs.2019.06.003ScienceDirect+2PubMed+2ResearchGate+2.

27. Kellon E.M. (2025) Insulin resistance versus dysregulation—a distinction without
a difference. Equine Veterinary Education, 37, 210-215. Available
from: https://doi.org/10.1111/eve.14082.

28. Tahapary D.L., Pratisthita L.B., Fitri N.A., Marcella C., Wafa S., Kurniawan F.,
Rizka A., Tarigan T.J.E., Harbuwono D.S., Purnamasari D., Soewondo, P. (2022). Challenges
in the diagnosis of insulin resistance: Focusing on the role of HOMA-IR and
Tryglyceride/glucose index. Diabetes & metabolic syndrome, 16(8), 102581.
https://doi.org/10.1016/j.dsx.2022.102581.

29. Thunander M., Thorgeirsson H., Toéorn C., Petersson C., Landin-
Olsson M. (2011). B-cell function and metabolic control in latent autoimmune diabetes in adults
with early insulin versus conventional treatment: a 3-year follow-up. European journal of
endocrinology, 164(2), 239-245. https://doi.org/10.1530/EJE-10-0901.

BUBYEHHA IHTEFPANbHUX IHAEKCIB OIATHOCTUKU IHCYJTIHOPE3UCTEHTHOCTI Y
KOHEW

Boposkos C"." (ORCID: 0000—0003-3021-2410), Boiiko B.? (ORCID: 0000-0002-8137-3399),
Cyeupbkuin O.3 (ORCID: 0009-0005-2780-9664)

1 — IHcTnTYT BeTepuHapHoi meauunHm HAAH, m. Kuis, YkpaiHa, email: serg _b78@ukr.net

2 — HauioHanbHnn HaykoBUM LEHTP «IHCTUTYT eKcnepumeHTarnbHOI i KNiHiYHOT BeTepuHapHoi
MeauuuHn», M. Xapkis, YKpaiHa

3 — [depxaBHuin BioTEXHOMNOrYHUI YHIBEpCUTET, M. XapkiB, YKpaiHa

Pe3rome. OcCKifnbKU iHCYniHOpe3ucmeHmMHicmb € CKadogor rnamozeHesy bazambox xeopob
y momy 4qucni i po3sumky mMemabosiiyHo20 CUHOPOMY, ii eUusi8/lIeHHsT ma YCYyHEHHS Crilid
po3sansidamu sk eaxknueud i HeobxiOHUU 3acib rnpoghinakmuku 3axeoprogaHb ma pPo38UMKY ixX
ycKrnaoHeHb. Ha egiOMiHy 6i0 6az2amboOXx CKrnaOHUX MemoOUK OCHOBHUMU rpu 6USIBNeHHI
MOPYWeHHs1 IHCyniHope3ucmeHmHocmi € OaHi iHmezparsibHUX iIHOeKcig. TakuM YUHOM Memoro
pobomu cmarno nposecmu GiagHOCMUKY IHCY IiIHOpe3ucmeHmMHOCmIi KOHel 3 8UKOpUCMaHHAM
2omMeocmamuyHuUX iHOeKcie ma ecmaHosumu ix rnpakmuyHy 3Hadumicms. [risi 00CiOXeHHs
6yrno sukopucmaHo 18 koHeu siKi 6yriu po30ineHi Ha 2 2pyrnu 3a 6asribHOK OUIHKOK hi3UYHO20
cmaHy, kompa byna npoeedeHa 08oMa He3arexXHUMU haxisusiMmu eemepuHapHoOi MedUUUHU.
PospaxyHok iHmezpanbHux iHOekcig: iHOekc HOMA-IR, iHdekc HOMA-B, iHOekc Caro,
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memaborsiyHul iHOeKkc, IHOeKC amepo2eHHoCcmi 8esnu 32i0HO siimepamypHUM OaHUM.
BcmaHoerneHo, wo iHoekc HOMA-B ma iHoekc HOMA-IR 6yrnu gipozioHo nidsuujeHi Ha 18,1%
(p<0,01) ma y 3,7 pasu (p<0,01) 6iOHOCHO KOHMposto; iHOekc Caro y KoHel 3
IHCYniHOpe3ucmeHmMHiIcmr 3HUXeHO Ha 39,4% (p<0,05); memabonidyHul iHOeKc nidsuweHo Ha
82,5% (p<0,01); iHOekc amepozeHHOCMIi y KOHel 3 iHcyrniHope3ucmeHmHicmio Ha 54,9%
(p<0,05) suwut Hix y kKoHmporni. Npome, npu eusyeHHi criegiOHoweHHs AJIT/ACT ma
iHOekca Matsuda kopensauii He ecmaHo8/1eHO. Takum 4YUHOM, 3 MEMmMOK OUIHKU pPO38UMKY
IHCYniHoOpe3ucmeHmMHocmi 3arporoHO8aHo 8iOrnoeiOHI IHOeKCU, Po3paxyHOK SIKUX OCHO8aHUU
Ha OaHux 8y2r1e800H020 ma J1irnidoHo20 0bMmiHi8 ma siKi 00rno8HMb 0aHi namozeHe3y Uybo20
cmaHy. pome, y koHel 8ubip Mmemody O0CnIOKeHHS IHCyiHope3ucmeHmMHocmi rnompebye
OOCKOHasi020 8UBYEHHSI.
Kno4oBi cnoBa: iHCYNiHOPE3UCTEHTHICTb, iHTEerpanbHi iHAEKCK, KOHi, MeTaboniyHumn
CUHOPOM, OXMPIHHS.
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Abstract. This article presents the results of a monitoring study on the spread of nosematosis
among honey bees in Ukraine from 2022 to 2024. This parasitic disease, caused by Nosema
apis and Nosema ceranae, significantly disrupts bee physiology, reduces immunity and
lifespan, weakens colonies, and leads to substantial losses in beekeeping. The article analyzes
veterinary reports and laboratory data, allowing researchers to trace the dynamics of infection
and identify regional patterns. The highest infection rates were observed in Kherson,
Khmelnytskyi, and Volyn regions. It was found that Nosema ceranae is gradually displacing
Nosema apis in bee populations, complicating disease control strategies. The study
emphasizes the need to improve diagnostic systems, ensure regular laboratory monitoring,
develop effective preventive programs, and conduct educational outreach for beekeepers. The
authors stress the importance of the «One Health» approach in protecting pollinators as a vital
component of agroecosystems. Directions for future research are proposed, including adapting
control measures to climate change, local environmental conditions, and the biological
characteristics of the pathogens.

Keywords: nosematosis, Nosema ceranae, Nosema apis, honey bees, disease, monitoring,
infestation, biosecurity, pollinators, diagnostics, prevention

Introduction. Ukraine is one of the countries with developed beekeeping, ranking third
in the world in honey production (Agro Perspectiva, 2025). However, the effective development
of beekeeping is hampered by infectious and invasive bee diseases.

Nosematosis is a slow invasive disease of bee colonies caused by the microsporidia
Nosema apis and Nosema ceranae, which infects the epithelial cells of the midgut, causing
intestinal disorders, weakening of bee colonies and their death.

Nosematosis is an urgent disease of adult European honey bees, including queen bees.
According to scientific data, the disease reduces honey collection by 36-50% and negatively
affects the reproductive capacity of bee colonies, which emphasizes its economic and
environmental significance. For example, Neuman P. (2010) emphasizes the global nature of
bee mortality, linking it to pathogens such as Nosema and other factors that exacerbate the
problem. Thus, the study of nosematosis, its diagnosis and prevention, as emphasized by
modern authors, is critical for the preservation of beekeeping and food security.

The disease is caused by the spore-forming microsporidia Nosema apis and Nosema
ceranae. Morphologically, the spores are difficult to distinguish between these two species,
and this synergy ensures the pathogen's persistence and the form of disease spread
(Palazzetti, 2007). The causative agent of neomatosis N. apis and N. ceranae have a stable
spore, with stressors acting in association and all of them having an important synergistic or
complementary effect on the occurrence of parasitic infection (Galajda, 2021).

Numerous studies by Ukrainian scientists show that «Asian» nosematosis is
predominantly registered in Ukraine, with N. ceranae being the causative agent, which was
detected in 74.5% of the analyzed samples (Odnosum, 2023).
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Nosema ceranae spores are very resistant to the environment: they can withstand very
low temperatures (down to minus 20 °C) and high temperatures (up to 60 °C), which contributes
to the re-infection of bee colonies and the recurrence of the disease after a long time (Efimenko,
2014). Spores can remain infectious for several days to five years at temperatures below 0 °C
(in particular, at minus 12 °C for up to 5 years). N. apis spores are less resistant to the
environment.

In contrast to the Ukrainian researchers, colleagues from Germany showed that in their
territory there is no dominance of N. ceranae over N. apis and a general replacement of N.
apis with N. ceranae in the studied honey bee population (Gisder, 2017).

Transmission occurs mainly by fecal-oral route (Martin-Hernandez, 2007). Within the
family, the spores are spread mainly by worker bees, which clean the combs, feed the queen,
drones, and exchange food with each other. Spores of hosema contaminate hives and all
equipment.

Mostly, nosematosis manifests itself in late winter, spring and autumn. In summer, the
disease is asymptomatic. Infection of bees occurs when they consume honey, perga, water,
which are infected with nosema spores, as well as kept on fallen honey. The development of
the disease is facilitated by sharp temperature fluctuations, high humidity inside the hives, lack
of perga, and late bee flight. Important factors are pesticide exposure and nutritional stress,
which impair the immunity of bees (Galajda, 2021).

The disease can occur in overt and latent forms.

Among adult bees infected with nosema, an increase in the incidence of dysentery is
recorded (Agriculture Victoria Connect, 2025).

Neomatosis does not have any distinct symptoms, but is accompanied by slow
depopulation and a decrease in bee productivity. Bees that cannot fly appear in the hives, and
they have a wing defect with a «kK» shape. Paralyzed individuals can also be found, while other
bees gather in small groups (Chemurot, 2017).

The latent form is unnoticeable, with no obvious signs of the disease.

In the overt form, the disease is observed:

- Nurse bees lose the ability of their hypopharyngeal glands to produce royal jelly, which is
used to feed the honey bee brood.

- A significant portion of the eggs laid by the diseased queen may not produce mature larvae.
- Young infected queen bees stop raising brood and switch to guarding and foraging, usually
done by older bees.

- Reduced life expectancy of infected bees. In spring and summer, infected bees live half as
long as uninfected bees.

- Infected queens stop laying eggs and die within a few weeks.

The study on the epizootic situation with nosematosis is relevant and helps to control
the spread of the disease, the importance of its diagnosis, treatment and prevention, as well
as the development of bee species that will be resistant to pathogen spores. The loss of bee
colonies due to nosematosis will lead not only to economic losses but also to an environmental
disaster, as the agricultural sector, which is directly dependent on bee pollination of crops, is a
priority for our country.

The aim of the study. Monitoring of bee infestation with nosematosis spores in the
regions of Ukraine by analyzing veterinary reports for the period 2022 — 2024.

Materials and methods. Statistical analysis was performed on the basis of annual
reporting forms No. 2-Vet. Report on the work of the laboratories of the State Service of Ukraine
for Food Safety and Consumer Protection, which was analyzed using standard epizootological
and biostatistical approaches. The laboratories of the State Service of Ukraine for Food Safety
and Consumer Protection conducted microscopy tests in compliance with DSTU ISO/IEC
17025:2019 General requirements for competence of testing and calibration laboratories.

Results. Control and supervision of the spread of nosematosis in Ukraine is carried out
by the State Service of Ukraine on Food Safety and Consumer Protection in accordance with
the Plan of Anti-Epizootic Measures for the Prevention of Major Infectious and Parasitic Animal
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Diseases in Ukraine. Planning is carried out in the amount of 10% of the total number of bee
colonies of registered market operators.

Diagnostic tests for bee nosema are carried out microscopically and only by authorized
laboratories of the State Service of Ukraine for Food Safety and Consumer Protection that are
accredited in the ISO 17025 system. The results of the research are submitted to 2-VET Report
on the work of state laboratories of veterinary medicine, quarterly, and recorded in the passport
for the apiary.

According to this report, the staff analyzed the dynamics of the epizootic process of
nosematosis in bees. During 2022 — 2024, 315141 bee samples were tested. Of these, a
positive result was obtained in 4664 cases, which is 2.05% of the invasiveness (Fig. 1). during
the study period, an increase in the number of positive samples for the pathogen of nosema
was observed. In 2022, the laboratories of the State Service of Ukraine for Food Safety and
Consumer Protection examined 140362 samples, which is 1.3% of the invasiveness rate. In
2023, 170988 samples were examined, the percentage of infection was 1.9%, in 2024 52034
studies were conducted, 2.9% (Fig. 1).
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1
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Fig. 1. Percentage of bees infected with nosematosis for the period 2022 —2024

These statistics are not complete due to the occupation of a large part of our country.
The obtained indicators indicate an increase in nosematosis infection in the regions of Ukraine.

The distribution of nosematosis infection by region is shown in Fig. 2.

Discussion of the results. Based on the above map of the spread of bee nosematosis
in Ukraine, it is possible to analyze the situation, taking into account regional characteristics
and the level of bee colonies' susceptibility. The map shows the percentage of bees affected
by nosema in different regions of Ukraine, where the values vary from 0.1% to 28% (Fig. 3).

The highest rate of damage is recorded in Kherson region — 28%. This may be due to
the climatic conditions of the region, in particular high humidity and warm winters, which favor
the development of Nosema ceranae, which is better adapted to such conditions than Nosema
apis. It may also be due to insufficient use of preventive measures at local apiaries.

I One Health Journal. 2025. Vol. 3. N. 4 I
42



Section 3

Fig. 2. Registration of bee nosematosis by regions of Ukraine for the period 2022
— 2024 (%)

Khmelnytskyi region (5.6%) and Volyn region (3%) also show high levels of infestation.
These regions have developed beekeeping, but are likely to face problems in managing bee
health, possibly due to insufficient timely treatment of bee colonies.

Regions with low levels of incidence include: lvano-Frankivsk region, where only 0.1%
is recorded (Fig. 3). This may indicate effective preventive measures, such as timely treatment
of bees with drugs (e.g., fumagilin), or favorable environmental conditions that reduce the risk
of disease spread.

Kirovohrad (0.7%), Cherkasy (1.2%), and Poltava (1.6%) regions also have relatively
low rates. This may be the result of a lower density of bee colonies in these regions or better
control over the condition of apiaries.

Average level of damage. Most regions, such as Vinnytsia (1.2%), Dnipropetrovs'k (3%),
and Zhytomyr (1.2%), have an average level of damage (1-3%). This indicates a typical
situation for Ukraine, where nosema is widespread but not critical. In such regions, basic
preventive measures are likely to be applied, but they may not be sufficient to fully control the
disease.

28

Fig. 3. Percentage of bees infected with nosema in the regions of Ukraine for the
period 2022 — 2024

Higher rates of infestation (Kherson, Khmelnytsky, Volyn) are observed in different
geographical zones — south, west and north, which indicates that there is no clear dependence
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on climatic zones. High infestation rates may be associated with Nosema ceranae infestation,
which, unlike Nosema apis, is more active throughout the year and less dependent on seasonal
fluctuations. This may indicate that the main factor in the spread is not climate, but the level of
beekeeping practices and awareness of beekeepers.

Eastern regions, such as Kharkiv and Donetsk oblasts, have an average level of
infestation, which may be due to the smaller number of apiaries due to the difficult socio-
economic situation in the region. Thus, nosematosis is a serious problem for the Ukrainian
beekeeping industry, as the disease is present even in regions with low levels of infection. This
confirms its endemic nature.

Nosematosis is mainly transmitted by the fecal-oral route. The causative agent of
nosematosis is easily spread through the droppings of diseased bees, especially in the hive.
Spread from hive to hive and from apiary to apiary can occur through: movement of infected
worker bees; high humidity inside the hive; moving infected combs from one hive to another;
feeding infected honey to bees; use of infected materials or beekeeping equipment; frequent
inspections of hives in unfavorable weather conditions (e.g., winter season, windy or rainy
weather) can trigger the onset of the disease and its spread due to stress; the presence of
other diseases (e.g., varroa, amoebiasis, or viruses) exacerbates the symptoms of nosema
(Martin-Hernandez, et al., 2007; Galajda, et al., 2021; Galatyk, 2022). Lack of awareness
among beekeepers, limited access to modern diagnostic and prevention methods, and the
possible use of contaminated honeycombs or feed may contribute to the spread of the disease.

It is not easy to diagnose the disease in the early stages; the only suspicious sign is the
presence of liquid excrement on the hive floor. A field test is to examine the color of the end
part of the digestive system of some bees: in healthy bees it is reddish, while in diseased bees
it is milky white. This sign, however, is observed only when the disease has already reached a
certain severity. The main method of diagnosis is microscopy of spores at the intestinal level
or directly in the feces (Galatyk, 2022, Forsgren & Fries, 2010).

Conclusions. The results of the study indicate a gradual increase in the level of
nosematosis in bees in Ukraine during 2022 — 2024, which is confirmed by official veterinary
statistics. The most affected regions are Kherson, Khmelnytsky and Volyn regions, which
indicates an uneven spread of the disease and the need for regionally focused preventive
measures.

The peculiarities of the nosematosis pathogen, its ability to survive in adverse conditions
and the complexity of early diagnosis pose serious challenges for beekeeping. Risk factors,
such as climatic conditions, non-compliance with sanitary and preventive standards, nutritional
stress and comorbidities, contribute to the spread of the infestation.

Effective control of nosematosis requires an integrated approach: strengthening
laboratory control, informing beekeepers, improving diagnostic methods and developing safe
treatment alternatives. The preservation of beekeeping in Ukraine directly depends on a timely
response to the challenges posed by this invasive disease.
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Pe3rome. Y cmammi nodaHO pe3yrismamu MOHIMOPUH208020 OOCIIOKEHHS MOWUPEHHS
Hozemamo3y ceped MeOOHOCHUX 60xin e YkpaiHi y 2022-2024 pp. Lle napasumapHe
3axeoprogaHHs, 3ymosrieHe 36yoHukamu Nosema apis ma Nosema ceranae, WO BUKIIUKaeE
cepUosHi NopyweHHs izionoaidHuUx npouecie y 60Xir, npu3gooumb 00 3HUXEHHS IMyHimemy,
CKOPOYEHHST mpueanocmi Xummesi, ocriabneHHs 60XXK0UHUX ciMel, a maKkoX 00 €KOHOMIYHUX
empam y 60xinbHUYmMei. Y cmammi rpoaHasnizogaHo eemepuHapHy 38imHicmb ma
pesynbmamu rnabopamopHux 0ocCiOXeHb, Wo 00380/UMI0 fpocmexXumu OuHaMiKy
3axeoptogaHocmi ma eudinumu pezioHasibHi 0cobriueocmi pPO3ro8CHOOKEHHS IHGEKUT.
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Hadleuwyi rnokasHuku eusierieHo y XepcoHcCbKil, XmernbHUUbKil i BonuHcbkil obnacmsx. Y
pobomi akuyeHmosaHo yeaz2y Ha rnompebi 800CKOHalfleHHs1 cucmemu Oia2zHOCMUKU,
peaynapHoao nabopamopHo20 KOHMPO, PO3pPObKU npoghinakmuyHux rnpozpam i
rnpoceimHuUybKux 3axodig 0Ornsi 60xornspie. Aemopu MiOKpecmb 8axueicms Mioxody
«EO0uHe 300poe8’ss» y KOHMeKcmi 3axucmy 3arnustosadie siKk HegiO’€MHO20 KOMMOHEeHmMy
asgpoekocucmemM. 3arporioHoeaHO Hanpsamu nodasnbwux 0ocnioxeHb wodo adanmauii
npomuenizoomu4yHuUx 3axodie 00 3MiH KiiMamy, peeaioHasibHUX ymog ma b6ioro2idHuUX
ocobriuseocmet 36yOHUKi8.
Knrwo4oBi cnoBa: Ho3emato3, Nosema ceranae, Nosema apis, ©0X0nu, 3axBOPHOBAHHS,
MOHITOPWHT, iHBa3iMHICTb, Biobe3neka, 3anuntoBadi, AiarHoOCTUKa, npodinakTuka.
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Against the backdrop of the consequences of the full-scale
military aggression of the Russian Federation against the
Ukrainian people, Ukrainian independence, and statehood, and
in light of the growing threats of military and terrorist actions
aimed at destroying critical infrastructure, food, and energy
security, the aspects of biological safety and biological
protection have become extremely important.
A critical component of developing modern systems of state
regulation of biosafety and bioprotection is the implementation
of proper practices to prevent the spread of pathogens and
ensure compliance with safety requirements in the laboratories
of research institutes, healthcare institutions, the public health
system, and bioproduction facilities.
It is significant that a draft Law of Ukraine «On Biological Safety
and Biological Protection» is under consideration, with experts
from the One Health Institute contributing to its development.
There is much work ahead in creating subordinate legislation for
the future law and developing institutional policies.
In response to the demands of the present day, there is an
urgent need to strengthen the system of state regulation of biological safety and biological protection in
Ukraine, including aspects of controlling the circulation of pathogens, creating conditions for safe diagnostic
work, and producing specific protective measures for humans, animals, and plants.
Previously, a team of specialists from the PSI «One Health Scientific Research Institute» and the «One
Health Institute», NGO, with the kind permission of the World Health Organization, completed an adapted
Ukrainian translation of the WHO Biosafety Manual, which is based on a risk-oriented approach to ensuring
biological safety and providing biological protection.
Now, with permission from the U.S. Centers for Disease Control and Prevention and the National Institutes
of Health, and in collaboration with our scientific consultants, we have prepared an adapted Ukrainian
translation of the manual «Biosafety in Microbiological and Biomedical Laboratories», 6th edition,
which is based on a directive approach to creating laboratory and production conditions for biomedical
research while adhering to biosafety and bioprotection standards.
In presenting this document, we sincerely hope that this initiative will benefit the medico-biological scientific
and practical community in building and strengthening national standards for biological safety and biological
protection in Ukraine.

Sincerely yours

Anton Gerilovych,

Director General of the One Health

Scientific and Research Institute, PSI

For more information, please follow the link:
https://www.onehealthinstitute.org.ua/publications/
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