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MAPPING ANTIMICROBIAL RESISTANCE THROUGH BACTERIAL, 

CLINICAL, AND SOCIAL DETERMINANTS 

Iskra Cvetkovikj*, Ivana Shikoska and Slavcho Mrenoshki 

Faculty of Veterinary medicine – Skopje, Ss. Cyril and Methodius University in Skopje, Skopje, Republic of North 

Macedonia 

*iskra@fvm.ukim.edu.mk 

 

Antimicrobial Resistance (AMR) poses a significant global health concern, 

particularly within the One Health framework, where companion animals serve as 

important reservoirs for the transmission of resistant pathogens to humans. The 

comprehensive baseline assessment of AMR in North Macedonia was conducted by 

integrating data across three critical domains: bacterial, clinical, and social determinants. 

The bacterial determinants reveal a high prevalence of Multidrug Resistance (MDR), with 

70.5% of Staphylococcus isolates and 50% of E. coli isolates from dogs categorized as 

MDR, including alarming rates of methicillin and β-lactamase-mediated resistance and 

ESBL/AmpC production. The clinical determinants highlight critical deficiencies in 

veterinary practice, primarily the widespread tendency for empirical antimicrobial use 

without adequate Antimicrobial Susceptibility Testing (AST), reported by the 

veterinarians. Finally, the social determinants demonstrate that owner behavior 

introduces a significant risk, notably the admission by 45.8% of pet owners to having used 

human antibiotics on their pets, despite high self-reported compliance with professional 

advice. The high prevalence of MDR and the common use of CIAs without supporting 

AST, coupled with use of human antibiotics, reveal significant, interconnected challenges. 

Effective Antimicrobial Stewardship Programs and educational campaigns for both 

veterinarians and pet owners are urgently required to mitigate the spread of AMR and 

align North Macedonia with international One Health goals. 

Key words: multidrug resistance; companion animals; methicillin resistance; ESBL/AmpC 
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MONITORING OF VETERINARY MEDICINAL PRODUCT RESIDUES 

AND ANTIMICROBIAL RESISTANCE IN THE REPUBLIC OF SERBIA 

Tamara Bošković* 

Ministry of Agriculture, Forestry and Water Management, Belgrade, Serbia 
*tamara.boskovic@minpolj.gov.rs 

 

The increasing concern over antimicrobial resistance (AMR) and food safety 

has highlighted the critical need for systematic monitoring of veterinary medicinal 

product (VMP) residues in food and feed of animal origin. The European Union (EU) has 

established a comprehensive legislative framework to regulate the use of veterinary 

drugs, medicated feed, and feed additives, as well as to ensure robust official control 

programs. Key regulations, including EC 37/2010, EU 2019/6, EC 2017/625, and their 

implementing acts (EU 2021/808, EU 2022/1644, EU 2022/1646), provide harmonized 

guidelines for maximum residue limits (MRLs), sampling and analytical methodologies, 

and coordinated control plans. In the process of harmonization with EU aquis and 

proving compliances with European food safety system, Serbia is in stage of fully 

alignment.  These measures are implemented by competent authorities, laboratories, 

veterinary services, and feed operators to ensure compliance, minimize residues in food, 

and reduce the potential for the development and spread of AMR. Monitoring programs 

under Directive 2003/99/EC for zoonoses and zoonotic agents further complement these 

activities by integrating AMR surveillance in bacterial pathogens from animal origin. The 

regulatory framework also addresses the production, use, and control of medicated feed 

(EC 1831/2003, EU 2019/4), contributing to prudent antimicrobial use and preventing 

unnecessary exposure that can drive resistance. This integrated approach underscores 

commitment to food safety, public health, and the containment of AMR. Continuous 

updates to legislation, harmonization of sampling and testing protocols, and intersectoral 

collaboration remain essential to strengthen the effectiveness of monitoring systems. The 

implementation of coordinated control plans with the EU not only establish trust in 

Serbian food safety, system but also supports evidence-based policy making, facilitating 

risk assessment and targeted interventions. This paper provides a structured overview of 

the EU/RS legislative framework for VMP residues and AMR monitoring, highlighting 

the responsibilities of key actors, the methodological approaches applied, and the direct 

and indirect links between residue monitoring and AMR mitigation. 

Key words: Veterinary medicinal products; Residue monitoring; Antimicrobial resistance; 

Medicated feed 
 

Acknowledgments: The author acknowledge the support of EFSA for providing data. 
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ANTIBIOGRAM – THE FIRST STEP TWOARD RATIONAL 

ANTIBIOTIC USE 

Dalibor Todorović*, Biljana Đurđević and Marko Pajić 

Scientific Veterinary Institute “Novi Sad”, Novi Sad, Serbia 

*dalibor@niv.ns.ac.rs 

Antimicrobial susceptibility testing (AST) represents a key step in selecting 

effective antimicrobial therapy and monitoring resistance trends. Among the most 

commonly applied phenotypic methods, the disc diffusion test (Kirby–Bauer) remains a 

standardised and cost-effective approach for assessing the susceptibility of bacterial 

isolates. In accordance with EUCAST and CLSI recommendations, phenotypic methods 

are used to detect major resistance mechanisms in Escherichia coli isolates, including the 

production of ESBL enzymes through the use of cefotaxime/ceftazidime discs with and 

without clavulanic acid, while the presence of AmpC β-lactamases is assessed using the 

cefoxitin disc. Cefoxitin is also used for the detection of methicillin resistance 

Staphylococcus aureus – MRSA, whereas methicillin resistance Staphylococcus 

pseudintermedius – MRSP is identified using an oxacillin disc. Screening for 

carbapenemase production is performed with a meropenem disc, and confirmation 

requires the phenotypic Carba Nordmann–Poirel test. Due to the unreliability of disc 

diffusion and E–test methods in determining colistin resistance, the broth microdilution 

method is recommended according to ISO 20776-1:2020. Final confirmation of phenotypic 

findings is achieved through molecular methods, primarily PCR, which enables direct 

detection of resistance genes. 

Key words: resistance; antibiogram; MIC; E-test; phenotypic tests; molecular methods 

 

Acknowledgement: This work was funded by Ministry of Science, Technological Development 

and Innovation of Republic of Serbia by the Contract of implementation and funding of research 

work of NIV-NS in 2025, Contract No: 451-03-136/2025-03/200031. 
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APPROACHES TO INTERPRETATION OF ANTIMICROBIAL 

SUSCEPTIBILITY IN THE ABSENCE OF CLINICAL BREAKPOINTS 

Dragana D. Božić* 

Faculty of Pharmacy, Department of Microbiology and Immunology, University of Belgrade, Belgrade, Serbia 

*dragana.bozic@pharmacy.bg.ac.rs 

 

Antimicrobial susceptibility testing (AST) is essential for evidence-based 

antimicrobial therapy in veterinary medicine, enabling clinicians to select effective 

treatments for bacterial infections. However, interpreting AST results can be challenging 

because veterinary-specific clinical breakpoints for many pathogen–host combinations 

are still limited. When such breakpoints are unavailable, alternative interpretive 

strategies are necessary to promote responsible antimicrobial use and mitigate 

antimicrobial resistance. Common AST methods in veterinary diagnostics include broth 

microdilution, agar dilution, and disk diffusion. Broth microdilution is widely considered 

as the reference method for determining minimum inhibitory concentrations (MICs), 

providing reproducible, quantitative data. Agar dilution, although accurate and 

standardised, is used less frequently due to its labour-intensive nature. Disk diffusion 

provides a simpler, cost-effective qualitative approach, categorising isolates as 

susceptible (S – susceptible at standard dosing), intermediate (I – susceptible with 

increased exposure), or resistant (R) based on inhibition zone diameters. Regardless of 

the method, careful interpretation is crucial when clinical breakpoints are unavailable. In 

such cases, epidemiological cut-off values (ECOFFs) play a central role. ECOFFs 

distinguish wild-type bacterial populations from those with acquired or mutational 

resistance mechanisms. Although they do not predict clinical treatment outcomes, they 

are invaluable for resistance surveillance and can inform empirical therapy in the absence 

of clinical breakpoints. The European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) establishes and updates ECOFFs using data from international collaborations. 

For veterinary contexts, its subcommittee VETCAST provides guidance tailored to animal 

pathogens, integrating pharmacokinetic and pharmacodynamic considerations specific 

to veterinary species. Where species-specific veterinary breakpoints are lacking, EUCAST 

and VETCAST recommend a cautious, informed interpretation of AST results. This may 

involve integrating ECOFF data, antimicrobial pharmacology, clinical expertise, and 

mailto:dragana.bozic@pharmacy.bg.ac.rs
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pathogen-specific information. Although VETCAST has begun defining clinical 

breakpoints for certain pathogen-drug combinations, significant gaps remain, 

particularly for uncommon species or drugs infrequently used in human medicine.  

In summary, when veterinary clinical breakpoints are not available, AST 

interpretation relies on standardised methods supplemented by alternative criteria such 

as ECOFFs. EUCAST and VETCAST provide a scientific framework that supports 

consistent interpretation. Ongoing efforts in surveillance, data sharing, and the 

development of veterinary-specific breakpoints are essential to strengthen antimicrobial 

stewardship and address the global challenge of antimicrobial resistance. 

Key words: antimicrobial susceptibility testing; clinical breakpoints; epidemiological cut-off 

values 

 

 

 

 



5th SYMPOSIUM FOR STUDENTS 

“Antimicrobal Resistance - a Present Challenge, a Future Threat” with international participation, 

21-22. November 2025., Novi Sad, Serbia 

 

8 
 

ALTERNATE THERAPEUTIC APPROACHES TO CONTROL 

ANTIMICROBIAL RESISTANCE 

Jasmina Đeđibegović* 

 Faculty of Pharmacy, University of Sarajevo, Sarajevo, Bosnia and Herzegovina 

*jasmina.djedjibegovic@ffsa.unsa.ba 

 

Antibiotics are essential therapeutics, yet their effectiveness declines due to 

antimicrobial resistance (AMR). Specific issues, such as AMR development even during 

clinical trials and low profit margins for antibiotics, have already resulted in the 

abandonment of this R&D field by most of the leading pharmaceutical companies 

worldwide. Furthermore, most of that research didn't result in truly innovative 

antibiotics. Consequently, the need for new antibiotics is unmet. This situation brought 

us to one of the major threats to food security, development, and global health. An 

adequate response to such a challenge can only be based on scientific advances and 

inventive approaches. In addition to new antibiotic development, it is necessary to also 

enhance further research on other antimicrobial interventions that would not worsen the 

AMR. One of the most promising alternate antimicrobial interventions is phage therapy. 

Phages are highly selective viruses that exclusively target and infect bacteria. Their 

amplification at the infection site is a significant advantage, as well as their ability to 

evolve alongside bacterial populations. The high selectivity is both an advantage (sparing 

other than target cells) and a disadvantage (narrow spectrum effectiveness). The latter 

could be overcome by preparation of phage cocktails. The main challenges for their 

clinical use are neutralization by the host immune system, regulations (complex approval 

process), quality control in production (standardization issues), and dosing. The cost is 

also high, and they are rarely available outside research settings, used only when all 

available antibiotic treatments have failed. Phages' huge potential for bacterial control in 

agriculture and veterinary medicine is also documented. Antimicrobial peptides are 

another promising broad-spectrum alternative to conventional antibiotics. Their 

bactericidal effect results from destabilization of bacterial membranes and interference 

with essential cellular functions. Natural peptides are not very stable in the digestive 

tract, but their synthetic analogues with unnatural amino acids can improve 

pharmacokinetic characteristics. Similar to phages, they can be successfully combined 

mailto:jasmina.djedjibegovic@ffsa.unsa.ba
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with lower doses of antibiotics. Nanotechnology-based solutions rely on metal 

nanoparticles with an already shown antibacterial effect, especially on multidrug-

resistant strains.  Key challenges are possible cytotoxicity and environmental impact. 

Organic nanoparticles (liposomes, micelles etc.) can also be used for targeted delivery of 

drugs, including antibiotics, overcoming at least some of the resistance mechanisms.    

Probiotics are living bacteria or fungi with beneficial health effects. Their 

mechanisms of antimicrobial activity are both pathogen-directed (antimicrobial 

substance production, displacement of pathogens from the intestinal surface) and host-

directed (immunomodulation). Alone or in combination with prebiotics, they can be used 

for microbiome manipulation, a promising strategy to combat colonization and 

subsequent infections caused by multidrug-resistant organisms. Probiotics' effective use 

in farmed animals and in aquaculture has been noted. Their ability to acquire and further 

spread antibiotic resistance must be thoroughly tested.   Other emerging technologies 

(e.g., CRISPR-based gene editing) show good potential as alternatives to conventional 

antibiotics or synergistic action when combined with antibiotics.  

In conclusion, the strategies that combine various approaches, including better 

antibiotic stewardship and new/innovative compounds or methods, can address the 

immediate challenges of AMR and foster a sustainable and resilient healthcare system.  

Key words: antimicrobial resistance; phage; probiotics; nanotechnology; antimicrobial peptides   
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APPLYING THE ONE HEALTH CONCEPT AND ANTIMICROBIAL 

STEWARDSHIP IN PRACTICE TO COMBAT ANTIMICROBIAL 

RESISTANCE 

Zorana Kovačević* 

Faculty of Agriculture, Department of Veterinary Medicine, University of Novi Sad, Novi Sad, Serbia  

*zorana.kovacevic@polj.edu.rs 

Antimicrobial resistance (AMR) is globally recognized as the most critical 

public health threat. It is currently estimated to be directly associated with 1.27 million 

human deaths annually worldwide, a number projected to reach 10 million deaths 

annually by 2050 if no action is taken. The primary driver of this crisis is the overuse and 

misuse of antimicrobials (AMU) across human and animal health, with AMR 

determinants traveling between animals and humans via close contact, the food chain, or 

indirectly through the environment. Addressing this challenge requires a unified, cross-

sectoral response, as articulated in the European Commission’s 'One Health' Action Plan 

against AMR and the Farm to Fork Strategy. These policies designate antimicrobial 

stewardship (AMS), the systematic effort to promote the responsible use of 

antimicrobials, as the cornerstone of the EU strategy, highlighting that the total EU sales 

of antimicrobials for use in farmed animals and aquaculture should be reduced by 50% 

by 2030. Since the lack of innovation in new antibiotic classes limits therapeutic options, 

the only way forward is through coherent AMS actions that preserve the effectiveness of 

known antimicrobials. In antimicrobial stewardship, the first and foremost step in the 

process of reducing antimicrobial use is the establishment of effective disease prevention 

measures, as highlighted in The One Health Joint Plan of Action (2022–2026). Among 

these are the adoption of appropriate biosecurity protocols, vaccination programs, and 

sustainable management practices. Without consistent implementation of these 

strategies, antimicrobial overuse will persist, further accelerating resistance. An 

integrated One Health perspective ensures that policy, education and surveillance all 

work synergistically to protect the efficacy of essential medicines and the long-term safety 

of both human and animal health systems. 

Key words: antimicrobial resistance; antimicrobial stewardship; One Health; public health; 

prevention; veterinary medicine 
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THE RELATIONSHIP BETWEEN CLIMATE CHANGE AND 

ANTIMICROBIAL RESISTANCE AT HUMAN, ANIMAL AND 

ENVIRONMENTAL LEVELS 

Dora Šereš* 

Mentors: prof. dr Olga Sič and doc. dr Nikola Martić 

Faculty of Medicine, Department of Pharmacology, Toxicology and Clinical Pharmacology, University of Novi Sad, 

Novi Sad, Serbia 

*dora.seres01@gmail.com 

 

Climate change (CC) and antimicrobial resistance (AMR) are two of the 

greatest current global challenges with significant implications for public health. The 

worsening of CC is closely linked to the increasing rate of AMR. Their relationship is 

becoming more and more apparent as rising global temperatures accelerate bacterial 

reproduction, enhance horizontal gene transfer and enable the spread of resistant 

pathogens. CC is also influencing the spread of new and re-emerging pathogens, such as 

Candida auris and Plasmodium falciparum. CC is contributing to the spread of vector-

borne diseases such as malaria, dengue fever and Zika virus, as well as to an increase in 

food- and water-borne infections, including salmonellosis and cholera. Rising 

temperatures are closely linked to extreme weather conditions, population migration and 

overcrowding, all of which led to an increase in water-borne infections, placing an 

increased burden on health systems. CC is likely to increase antimicrobial use in humans, 

animals, and plants. Heat stress in poultry often leads to excessive antibiotic use, affecting 

productivity. In addition, industrial animal farming drives deforestation, increasing 

human–wildlife contact and the risk of zoonotic diseases, thereby contributing to 

antimicrobial resistance. Microplastics and heavy metals in the environment encourage 

the development of co-resistance mechanisms, while the increased use of antibiotics in 

livestock and poultry farming contributes to the further spread of antimicrobial 

resistance. Addressing the impact of climate change on antimicrobial resistance requires 

multidisciplinary actions, including human healthcare, agriculture and environment. 

Since further increase in AMR may be experienced, innovative and sustainable solutions 

are needed through the One Health approach. 

Key words: Climate change; Antimicrobial resistance; One Health approach; Pathogens 
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POULTRY COLIBACILLOSIS TREATMENT FROM ONE HEALTH 

PERSPECTIVES 

Jelena Mitrović* and Nikoleta Bibić 

Mentor: prof. dr Zorana Kovačević 

Faculty of Agriculture, Department of Veterinary Medicine, University of Novi Sad, Novi Sad, Serbia 

*jelenasezovem@gmail.com 

 

Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), is one of the 

most prevalent and economically significant bacterial diseases in intensive poultry 

farming. Antimicrobial agents, including fluoroquinolones, colistin, sulfonamides and β-

lactam antibiotics, have traditionally been used for therapeutic and preventive purposes. 

However, fluoroquinolones and colistin are classified by the World Health Organization 

as highest priority critically important antimicrobials (HP-CIA) for human medicine. 

Their use in poultry production is associated with the emergence and dissemination of 

resistant E. coli strains, which may reduce the effectiveness of essential antibiotics used 

for treating severe human infections. This issue underscores the importance of the One 

Health approach, recognizing the interdependence of human, animal and environmental 

health in addressing antimicrobial resistance. Sustainable control of colibacillosis 

therefore requires rational antimicrobial use, rigorous biosecurity measures, improved 

housing and nutrition management, and the integration of alternative strategies such as 

vaccination, probiotics, prebiotics and phytobiotics. Balancing effective treatment of 

colibacillosis in poultry with preservation of antimicrobial efficacy in human medicine 

represents a central challenge within global antimicrobial stewardship frameworks, 

emphasizing that animal health management decisions have direct implications for 

public health. 

Key words: colibacillosis; poultry; antimicrobial resistance; One Health 
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Oxytetracycline is a broad-spectrum bacteriostatic antibiotic used to treat 

respiratory, urinary, and skin infections in animal species. However, its application is 

limited due to the increasing occurrence of antimicrobial resistance, particularly in 

Escherichia coli and Campylobacter spp. The presence of residues in food of animal origin is 

strictly regulated by established MRL values and withdrawal periods to ensure consumer 

safety. Improper use may lead to allergic reactions and the spread of resistant bacteria, 

posing a significant public health risk. Rational antibiotic use and the implementation of 

alternative therapeutic approaches are strongly recommended. 

Key words: oxytetracycline; resistance; withdrawal period; antibiotic; public health 
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The healthy development of the gut microbiome in broiler chickens is of major 

economic importance. Antimicrobial agents — particularly broad-spectrum antibiotics such 

as enrofloxacin — can affect the proportion of beneficial microbial taxa in the gut, potentially 

leading to dysbiosis and, indirectly, to the emergence of antimicrobial resistance genes 

(ARGs). Increasing attention is being paid to alternative approaches, such as antioxidant-

based feed additives, which may reduce the adverse microbiome-altering effects of 

antibiotic use. The aim of our study was to assess the effects of a feed additive with 

antioxidant complex, both alone and in combination with enrofloxacin, on the cecal 

microbiome and resistome of broiler chickens. Six treatment groups were established, and 

cecal samples were collected at three different time points (days 14, 20, and 42) for 

microbiome and resistome analysis. The results indicated that microbiome composition 

varied in a treatment- and time-dependent manner. Enrofloxacin treatment alone led to a 

reduction in the proportion of Bacteroidota and an increase in Bacillota of caecal content 

collected on day 20, a shift that may indicate dysbiosis. In contrast, the antioxidant treatment 

applied from day one, particularly when combined with enrofloxacin, resulted in a more 

favorable microbiome profile, with higher levels of Bacteroidota and lower levels of 

Pseudomonadota. Resistome analysis revealed that the qnrB gene — associated with 

fluoroquinolone resistance — was detected exclusively in the enrofloxacin-only group on 

day 42. Glycopeptide resistance genes (vanA, vanB) were primarily associated with the 

combined treatment groups. Peptide and polymyxin resistance genes appeared transiently 

during the mid-phase of the rearing period. The presence of resistance genes was associated 

with microbiome status: gene emergence was more frequent under dysbiotic conditions, 

whereas more stable microbial profiles were linked to lower levels of ARG detection. 
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In conclusion, the application of an antioxidant complex — particularly when 

initiated from the first day — may positively influence microbiome balance and reduce the 

likelihood of resistance gene emergence against critical antibiotics in broiler chickens. These 

findings may support the development of more sustainable feeding strategies aimed at 

improving animal health and food chain safety. 

Key words: antimicrobial resistance; antimicrobial resistance genes; enrofloxacin; antioxidant; 

broiler chickens; microbiome; new generation sequencing 
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Diseases of the prostate represent one of the most common reproductive 

disorders encountered in unneutered dogs, and they are often difficult or incorrectly 

diagnosed. The reason for this lies in the overlap and similarity of clinical symptoms 

associated with diseases of the urinary system. Additionally, one of the problems is the 

delayed reaction of dog owners (bringing patients to the veterinarian too late), which results 

in weaker effects of pharmacotherapy. Prostatitis in dogs is one of the most significant 

diseases of the prostate, especially in older unneutered males. Other important prostate 

diseases include benign hyperplasia, abscesses, cysts, and tumors. Prostatitis can be acute 

or chronic, with the most common causative agents being bacteria that colonize the distal 

urinary and genital tracts. The bacteria most frequently isolated are Escherichia coli, 

Staphylococcus pseudintermedius, Proteus mirabilis, Klebsiella pneumoniae, Enterococcus spp., and 

Pseudomonas aeruginosa. In recent years, these bacteria have increasingly demonstrated 

resistance to multiple antimicrobial drugs, which significantly complicates therapy and 

increases the risk of recurrence and chronic disease progression. Proper use of antimicrobial 

drugs is crucial in the treatment of prostatitis, with the duration of therapy being a decisive 

factor for success. Along with antimicrobial therapy, castration and antiandrogen therapy 

are also used to reduce the size of the gland. For acute prostatitis, therapy typically lasts at 

least 3 to 4 weeks, while for chronic forms, treatment is recommended for 4 to 8 weeks or 

longer, depending on clinical response and antibiogram results. Shorter therapy durations 

can lead to incomplete eradication of bacteria, the appearance of subinhibitory 

concentrations of antibiotics in tissues, persistent infections, and selection of resistant 

strains. The choice of antibiotics must be based on microbiological culture and antibiogram. 

Most commonly used antibiotics in treatment of prostatitis are fluoroquinolones, 

trimethoprim/sulfamethoxazole and amoxicillin-clavulanate. In addition to selecting an 

appropriate drug, control microbiological tests should be performed 2-3 weeks after 

completing the therapy. 

Key words: prostate; bacteria; therapy; antibiogram; resistance
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In the formulation of veterinary medicines, a key property that must be ensured 

is adequate palatability. Artificial beef flavor is often used as a flavoring agent to improve 

palatability in veterinary drugs intended for canines and felines. The aim of this study was 

to examine the effect of artificial beef flavor on the flowability and compressibility of a 

powder mixture for tableting. During the evaluation of flowability and compressibility, 

standard filler excipients (microcrystalline cellulose, directly compressible lactose, and 

sorbitol) were used, as well as a mixture containing only artificial beef flavor and a mixture 

containing other standard tablet excipients. Flowability was assessed based on the values of 

the compressibility index, Hausner ratio, and angle of repose. Tablets were prepared using 

the direct compression method and characterized in terms of mass variation, thickness, 

diameter, hardness, and disintegration time. Based on the values of the compressibility 

index, Hausner ratio, and angle of repose, it can be observed that the addition of artificial 

beef flavor improves the flowability of standard filler excipients (for microcrystalline 

cellulose, the angle of repose was 47.80°, which decreased to 46.71° after the addition of 

artificial beef flavor). Regarding mass variation, an increase was observed after adding the 

flavor to microcrystalline cellulose. During the measurement of tablet thickness and 

diameter, no deviation was observed in sample M2. Tablet hardness decreased with the 

addition of flavor. Disintegration time increased in mixtures containing lactose and sorbitol, 

while it decreased in the mixture with microcrystalline cellulose. Artificial beef flavor is a 

suitable excipient for the production of tablets by the direct compression method. By adding 

artificial beef flavor, a more acceptable drug formulation is obtained, leading to improved 

palatability, better compliance, and consequently increased therapeutic efficacy. In the case 

of antimicrobial drugs, this can also contribute to reduced resistance development.  Further 

research is needed to evaluate the influence of the flavor on the release process of the 

selected active pharmaceutical ingredient.  

Key words: artificial beef flavor; flowability; compressibility; compressibility index; Hausner ratio; 

angle of repose
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In modern food production, food safety represents one of the key elements in the 

production and distribution chain. Pathogenic bacteria such as Escherichia coli O157:H7 pose 

a serious risk to public health, which makes their rapid and accurate detection extremely 

important. Escherichia coli O157:H7 belongs to the family Enterobacteriaceae and is classified 

among enterohemorrhagic, Shiga toxin-producing strains (EHEC/STEC). This 

microorganism is one of the most dangerous fooborne pathogens, as it can cause severe 

diseases such as inflammatory processes, hemolytic uremic syndrome, diarrhea, 

hemorrhagic colitis, and even death, particularly among children, the elderly, and 

immunocompromised individuals. In recent years, there has been a significant increase in 

antimicrobial resistance patterns of Escherichia coli O157:H7 to commonly used antibiotics. 

The aim of this study was to detect Escherichia coli O157:H7 on the surface of beef 

carcasses along the slaughter line using the 3M Molecular Detection System. Sampling was 

conducted immediately after slaughter, prior to chilling, on a total of 22 beef carcasses 

within a single slaughterhouse. Abrasive sponges pre-moistened with 10 mL of sterile 

Buffered Peptone Water were used for sample collection. Swabs were taken from 

predilection sites, including the rump (perineal area), flank, brisket, and neck, covering a 

total surface area of 100 cm2 per carcass. After sampling, the swabs were transported to the 

laboratory in a temperature-controlled vehicle at 4 ℃. In the laboratory, the samples were 

transferred into sterile stomacher bags containing 90 mL of Buffered Peptone Water, 

homogenized, and incubated for 24h at 41.5 ℃. After incubation, 0.20 µL of homogenate was 

used for analysis with the 3M Molecular Detection System apparatus. The processing time 

was 60 minutes, and results were displayed via the instruments software interface. 

Out of 22 samples examined, two were positive and twenty were negative, 

resulting in a prevalence rate of 9.1%. The presence of this pathogen in beef products and 
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on processing equipment represents a significant challenge for the meat industry. Therefore, 

modern food safety control systems should apply strict monitoring and sampling measures 

to detect Escherichia coli O157:H7 as efficiently and as early in the production process as 

possible. 

The 3M Molecular Detection System is designed for the rapid and specific 

detection of selected pathogenic bacteria, including  Escherichia coli O157:H7, Salmonella spp., 

Campylobacter spp., Cronobacter spp., Listeria spp., and Listeria monocytogenes. The system 

utilizes advanced isothermal nucleic acid amplification technology combined with 

bioluminescent signal detection. It can process one to 96 samples per run, with results 

typically available within 60 minutes, while positive samples are often detected within 15 

minutes. Thanks to pre-dosed, ready-to-use reagents and a streamlined workflow, the 3M 

Molecular Detection System apparatus significantly reduces analysis time, minimizes the 

risk of contamination, and lowers the likelihood of human error during testing. 

The presence of potentially multidrug-resistant Escherichia coli O157:H7 

highlights the need for continuous monitoring and the application of the One Health 

approach, ensuring integrated protection of food safety, public health, and animal health. 

Key words: Escherichia coli O157:H7; 3M Molecular Detection System; beef carcasses; rapid 

molecular detection; antimicrobial resistance; food safety; One Health 
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Metronidazole is a second-generation nitroimidazole antibiotic, vastly used in 

both human and veterinary medicine. It's an important therapeutic agent for anaerobic 

bacterial and protozoal infections. This study aimed to analyze the composition and types 

of pharmaceutical formulations of metronidazole intended for veterinary use, both 

authorized and compounded. An additional objective was to examine the sales and 

prescription trends of veterinary metronidazole formulations in the Republic of Serbia. This 

study employed a descriptive-analytical approach, complemented by published research 

papers and data on commercial veterinary metronidazole products obtained from ALIMS 

for the period 2017–2023. The literature in English was searched using the Google Scholar 

database with individual and combined keywords such as “metronidazole,” “veterinary 

medicine,” “formulation,” “compounding,” “antimicrobial resistance,” and “palatability.” 

According to a literature review, in veterinary practice, antimicrobials are commonly 

prescribed empirically for various gastrointestinal disorders, such as acute diarrhea. In 

Serbia, the prescription and turnover of metronidazole have shown a steady increase 

between 2017 and 2023 across all three commercial formulations (250 mg, 125 mg, and 25 

mg), with the 125 mg formulation exhibiting the most pronounced growth, especially 

during the 2021–2023 period. Due to its high water solubility, metronidazole demonstrates 

excellent oral bioavailability in various animal species; however, its bitter and metallic taste 

limits palatability. To improve acceptability, metronidazole and metronidazole benzoate 

were compounded into flavored suspensions. Studies conducted on clinically healthy 

chinchillas revealed no significant difference in food intake reduction between 

metronidazole and metronidazole benzoate, although the effect was dose-dependent. At 20 

mg/kg/day, the reduction in food intake was notably smaller compared to the 40 mg/kg/day 

dose, with values returning to baseline within four days after treatment cessation. Reported 

adverse effects in animals are primarily dose-related (above 50 mg/kg/day) or due to 

prolonged use, ranging from nausea and anorexia to neurological symptoms. Frequent use 

and compounding of metronidazole may also contribute to the development of multidrug-
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resistant bacteria by disrupting the gut microbiota. Caution in prescribing metronidazole, 

along with the modification of formulations and dosages for individual cases, can 

substantially contribute to reducing antimicrobial resistance. The use of fixed-dose 

commercial formulations limits dosing flexibility, highlighting the potential benefit of 

developing compounded monocomponent preparations to better tailor therapy and 

mitigate the risk of resistance. 

Key words: metronidazole; metronidazole benzoate; palatability; compounding; oral suspension 
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In intensive poultry production, in addition to the use of antibiotics, alternative 

feed additives are gaining increasing attention. These additives may improve production 

performance and reduce the risk of antimicrobial resistance (AMR) through the 

maintenance of gut microbiome balance.  

The aim of the present study was to evaluate the individual and combined effects 

of a feed-supplemented antioxidant complex and enrofloxacin treatment on the production 

parameters and caecal microbiota composition of broiler chickens. In the experiment, 1200 

Ross-308 male broilers were divided into six treatment groups and reared for 42 days. 

Treatments included the antioxidant complex administered from either the 1st or 3rd week 

of age, alone or in combination with enrofloxacin.  

Caecal sampling was conducted on days 14, 20, and 42. The composition of the 

gut microbiota was analyzed using the Oxford Nanopore MinION sequencing platform. 

The results showed that the treatments had a considerable impact on both the structure of 

microbial communities and the production indicators. The antioxidant supplementation 

initiated from the 3rd week (T4 group) resulted in the highest body weight gain. At the 

microbiota level, both the T4 group and the group receiving antioxidants throughout the 

entire rearing period (T6 group) showed a higher relative abundance of the probiotic 

Lactobacillaceae family, while the combined antibiotic-treated groups exhibited an increase 

in opportunistic bacterial families such as Helicobacteraceae and Moraxellaceae.  

In summary, it can be said that the application of the antioxidant complex alone, 

especially from week 3 onwards — had a beneficial impact on broiler chickens’ growth 

performance and gut microbiome stability. These findings support the relevance of 
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antioxidant-based feeding strategies in the context of sustainable livestock production and 

the mitigation of antimicrobial resistance development. 

Key words: antimicrobial resistance, antimicrobial resistance genes, enrofloxacin, antioxidant, 

broiler chickens, microbiome, new generation sequencing 
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Antimicrobial resistance (AMR) represents the greatest challenge in global 

healthcare system, especially in poultry sector, where intensive and often irrational use of 

antibiotics (AB) contributes to the development of AMR. The aim of this paper was to 

analyze the role of biosecurity measures (BM) in reducing the risk of spreading resistant 

bacteria in poultry. Selection in poultry production went in the direction of obtaining the 

best production results. In contrast, poultry became sensitive to a large number of stressors 

and infectious diseases. Additionally, in intensive production, a large number of individuals 

are kept in a small space, all this leads to the frequent use of drugs, especially AB. 

Inappropriate use of AB leads to the development of resistant strains of bacteria. Some of 

the resistant strains can be transmitted to the human population through contaminated 

food, water or the environment, increasing the risk of AMR. BM are the most important 

tools in the prevention and control of infectious diseases in poultry farming. Their 

application aims to prevent entering, spread and survival of pathogens in poultry 

populations. Effective BM are based on a combination of preventive, control and 

educational activities that together contribute to the preservation of flock health and the 

reduction of economic losses in production. BM include the strict hygiene protocols: control 

of entry and movement of people, vehicles and equipment, regular cleaning and disinfection 

of facilities, proper management of manure and waste. It is recommended that each farm 

has a clearly defined biosecurity plan that includes: schedule of activities, responsible 

persons and protocols in case of disease. Physical barriers (protective fences, bird and rodent 

nets), disinfection barriers at entrances, separate areas for clean and unclean zones 

contribute to preventing direct or indirect contact with potential sources of infection. The 

principle "all in - all out" reduces possibility of disease transmission between rounds. 

Control of water, food and mats is extremely important, as contaminated materials 

represent a significant source of pathogens. Regular water quality analysis and use of 

disinfectants for its treatment are necessary steps in the prevention of infections. Employee 

education and consistent compliance with BM is basic of sustainable biosecurity. Every 

worker should be familiar with the risks, a proper way to use protective equipment and the 
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procedures for entering and exiting the facilities. The introduction of internal trainings and 

regular monitoring of the implementation of BM contribute to the creation of a "biosecurity 

culture", which increases the resistance of the production system to infectious diseases in 

the long term. Finally, effective BM does not depend only on individual measures, but on 

their systematic and consistent implementation, and cooperation between farmers, 

veterinarians and competent institutions. Only with an integrated approach is possible to 

ensure stable, healthy and productive poultry production. BM are the most effective 

strategies for reducing the need for AB in poultry farming, which directly affects the 

suppression of the development and spread of AMR. Their consistent application helps 

preserve animal health, improves production efficiency and reduces risks to human health. 

Key words: antimicrobial resistance; biosecurity measures; poultry farming 
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The recent demand for more sustainable and animal-free protein sources has led 

to a significant rise in plant-based meat alternatives. In addition to their environmental and 

ethical benefits, a reduced contribution to antimicrobial resistance (AMR) is considered one 

of their major advantages. This expectation arises because the production of plant-based 

protein products does not involve the use of antibiotics, which are routinely administered 

in conventional animal farming for therapeutic and occasionally for growth-promoting 

purposes.  As a result, plant-based alternatives are thought to exert less selective pressure 

on bacteria to develop and spread antibiotic resistance, representing a potential 

improvement in public health and food safety. However, it remains uncertain whether 

plant-based meat alternatives are truly free from antimicrobial resistance risks. Resistant 

microorganisms and resistance genes can still be present in raw plant materials, introduced 

through contaminated soil, irrigation water, or fertilizers, including those derived from 

animal manure. Moreover, resistance determinants may persist or spread through cross-

contamination during processing, handling, or storage. Therefore, while plant-based 

products likely contribute less to the emergence of AMR than traditional meat, the extent of 

this difference has not yet been systematically investigated.  At the same time, plant-based 

alternatives may pose distinct food safety challenges that are less commonly associated with 

non-smoked meat products. One such concern is the formation of polycyclic aromatic 

hydrocarbons (PAHs), particularly during high-temperature cooking. Although the amount 

of literature addressing PAHs in plant-based meat alternatives is growing, the available 

studies are scattered and lack a structured, systematic approach. The existing data are often 

difficult to compare due to variations in analytical methods, product formulations, and 

cooking conditions. Hence, a more comprehensive and coordinated investigation is 

necessary to accurately assess the occurrence and influencing factors of PAHs in these novel 

food products.  The aim of this research is to determine to what extent different cooking 

methods such as grilling, baking, roasting in the oven and air frying, have on the formation 

of PAHs within whole-cut meat alternatives. In addition, it will also be determined whether 

the concentration of PAHs formed is influenced by variations in the composition of the 
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protein material, such as the use of wheat, soy or pea protein. I hypothesize that uncooked 

samples contain only low levels of PAHs, likely originating from raw ingredients or earlier 

production steps, and that significant increases occur primarily during heat exposure. It is 

presumed that grilling and baking in a pan will result in the highest concentrations, due 

direct exposure to high temperatures and surface combustion. In contrast, roasting the 

product in the oven as well as air frying will generate lower levels. It is likely that the total 

amount of PAHs will be under the legal EU limits, with the total amount varying based on 

the cooking conditions. Furthermore, it is suspected that the fat and moisture content of the 

product itself will most likely play a role in the formation of PAHs.  

Key words: chemical; microbial; food; safety; alternatives; antimicrobial resistance 
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The use of antibiotics during pregnancy in bitches is generally avoided as much 

as possible, both due to the potential teratogenic or harmful effects of certain antibiotics on 

the fetus and because of the risk of developing antimicrobial resistance. Therapy is 

administered only when a clear clinical indication exists, as untreated infections may lead 

to abortion, fetal resorption, intrauterine infection, or systemic complications of the mother. 

The most commonly isolated bacteria are typical agents associated with infections of the 

urinary and genital tracts, such as Escherichia coli, Staphylococcus pseudointermedius, 

Streptococcus canis, Enterococcus spp., Proteus spp., Klebsiella spp., Pseudomonas spp., 

including Brucella canis, specifically associated with the genital tract, and recognized as a 

common cause of abortion. Gravidity is characterized by  signifficant physiological and 

metabolic changes that can substantially alter drug pharmacokynetics (absorption, 

distribution, biotransformation and excretion). The specific changes include the reduction 

of digestive motility, increased blood flow to the digestive tract, both of which can alter drug 

bioavailability and are caused by elevated progesterone levels. Other changes include blood 

redistribution, increased vascular volume and elevated acute-phase proteins, resulting in 

dilutional hypoalbuminaemia and may later increase plasma levels of unbound (free) drug. 

Conversely, hepatic hyperaemia and increased hepatic enzymes activity can accelerate the 

biotransformation, which along with increased glomerular filtration leads to decreased drug 

half-life. Due to these alterations, the drug may accumulate at the site of action in 

concentrations that are either too low (subtherapeutic) or too high (toxic), resulting in a loss 

of its pharmacological effect. The placenta in dogs is endotheliochorial, and the primary 

mode of molecular transport is transcellular diffusion. It is most permeable to liposoluble, 

non-ionized molecules of low molecular weight and low protein-binding affinity, while 

hydrosoluble drugs cross via active transport. The placenta is also metabolically active, and 

possesses a certain enzymatic capacity for toxin clearance. The fetus is most sensitive to 

potential teratogenic and embryotoxic drug-associated effects during the first trimester od 
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pregnancy, particularly between days 6 and 20 after the preovulatory LH surge. After the 

drug enters the fetal circulation via the umbillical vein, it is either transported to the liver 

and detoxified (although hepatic enzymes are not as active as in adults), or it passes to the 

systemic circulation via ductus venosus Arantii, potentially causing toxic effects. Antibiotics 

considered relatively safe for use during pregnancy include the beta-lactams (penicillin G, 

ampicillin, amoxicillin, amoxicillin-clavulanic acid, carbenicillin, ticarcillin, 

cephalosporins), macrolides, and lincosamides (clindamycin, erythromycin, lincomycin), 

with beta-lactams being the drug of choice due to their insignificant haemoplacental 

passage. Fluoroquinolones cross the placenta in low concentrations, but can cause severe 

adverse effects and are therefore not used during pregnancy. Nitrofurantoin, streptomycin, 

gentamicin, amikacin, tetracyclines (doxycycline, oxytetracycline), sulfonamides, 

trimethoprim, and metronidazole are contraindicated. The duration of treatment should be 

sufficient to eradicate the causative agent and prevent recurrent infection, but also limited 

to minimize unnecessary foetal exposure. Inadequate or too short a course of therapy is 

associated with the development and selection of resistant strains, which may increase the 

risk of perinatal and treatment-related complications.  

Key words: pharmacokynetics; placenta; fetus; beta-lactams 
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The growing consumer demand for sustainable and ethical protein sources has 

driven the rapid expansion of soy-based meat alternatives (SBMAs). In the broader context 

of global food safety challenges, where antimicrobial resistance (AMR) and chemical 

contaminants are both gaining attention due to the use or avoidance of preservatives and 

processing aids, understanding heat-induced compounds such as acrylamide in novel 

protein products has become particularly relevant. Recent studies indicate that certain 

plant-based foods may present microbial safety concerns, including elevated levels of 

Enterococci associated with virulence traits, AMR, and horizontal gene transfer. Similarly, 

milk analogues derived from coconut, almond, and cashew have shown higher proliferation 

rates of Listeria monocytogenes and Salmonella enterica compared to bovine milk, suggesting 

that pathogen internalization and antibiotic resistance transmission in plant-based matrices 

warrant careful consideration in food safety assessments. SBMAs  are formulated primarily 

from soy protein isolates or texturized soy proteins and processed through high-

temperature extrusion or frying to mimic conventional meat texture. However, these 

intensive treatments can lead to the formation of processing contaminants, particularly 

acrylamide, which is classified as a probable human carcinogen (Group 2A, IARC) and 

recognized by EFSA as a contaminant of major toxicological concern. Acrylamide is mainly 

generated via the Maillard reaction between free asparagine and reducing sugars under 

low-moisture and high-temperature conditions. Although acrylamide formation has been 

widely investigated in bakery and fried foods, its presence in soy-based analogues remains 

insufficiently characterized, especially in bio-certified products, which cannot contain the 

asparaginase enzyme commonly used to reduce acrylamide levels. 

This study aims to quantify acrylamide in soy-based meat alternatives available 

on the Hungarian market, assess how domestic cooking intensities (raw, lightly fried, 

heavily fried) influence acrylamide formation, and evaluate correlations between 

acrylamide concentration, color, and moisture parameters. 
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Following approaches from recent literature on process contaminants in plant-

based foods, acrylamide quantification will use validated chromatographic techniques such 

as LC–MS after appropriate extraction and cleanup. Sampling design and cooking states are 

modeled after published studies examining acrylamide formation in high-protein matrices. 

Statistical evaluation methods, e.g. one-way ANOVA and Pearson correlation, will 

conceptually interpret relationships among physicochemical parameters, following 

analytical frameworks adapted from earlier research. 

Prior studies demonstrate that acrylamide concentrations increase with higher 

temperature, lower moisture, and extended frying time; thus, heavily fried samples are 

expected to show the highest levels. Literature also suggests positive correlations between 

acrylamide and surface browning intensity, implying that visual appearance could serve as 

an indicator of chemical risk during domestic cooking. This study will help contextualize 

these established relationships within the Hungarian market and contribute to filling 

current research gaps regarding contaminant levels in alternative protein products. 

Key words: soy-based meat alternatives; acrylamide; frying; Maillard reaction; food safety 
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Antimicrobial resistance (AMR) is globally recognized as one of the most significant 

threats to public health. The widespread and often inappropriate use of antibiotics in both 

human and veterinary medicine significantly contributes to the emergence and spread of 

resistant bacterial strains. This study explores the frequency and patterns of use of critically 

important antibiotics for human medicine (CIAs) in a small animal veterinary clinic in Novi 

Sad, with a particular focus on canine patients. A two-month retrospective analysis of medical 

records revealed that 51% of all prescribed antibiotics belong to the CIA category, including 

cephalosporins, fluoroquinolones, macrolides, and aminoglycosides. The most commonly 

prescribed antibiotic was the amoxicillin-clavulanic acid combination (21.82%). Infections most 

frequently treated involved the skin, gastrointestinal, and sensory systems. The outcomes 

showed a high rate of therapeutic success (90.91%), especially in cases involving 

cephalosporins, fluoroquinolones, and macrolides. However, the extensive use of CIAs in 

companion animals raises concerns about potential transmission of resistant bacteria to 

humans, especially in households with close human-animal contact. The findings support the 

"One Health" concept, emphasizing the interconnectedness of human, animal, and 

environmental health. Rational antibiotic use, targeted guidelines, and strict monitoring 

protocols are essential for preserving the efficacy of life-saving antibiotics in human medicine. 

Key words: antimicrobial resistance; veterinary medicine; critically important antibiotics; One Health, 

dogs 
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The Hungarian waterfowl sector holds considerable importance from a veterinary 

perspective due to the high prevalence of infectious diseases associated with intensive 

production systems, which in turn leads to substantial antibiotic usage. This creates an 

increased risk of antimicrobial resistance (AMR), posing serious consequences not only for 

animal health but also for food chain safety and public health. 

In our study, we investigated the antimicrobial susceptibility patterns of six 

pathogenic bacterial species isolated from clinical cases in waterfowl: Escherichia coli, Salmonella 

spp., Pasteurella multocida, Riemerella anatipestifer, Erysipelothrix rhusiopathiae, and Streptococcus 

gallolyticus. During the laboratory susceptibility testing, we determined the minimum 

inhibitory concentration (MIC) values for 15 different antimicrobial agents and calculated 

MIC₅₀ and MIC₉₀ values. 

The results showed that Escherichia coli strains exhibited exceptionally high 

resistance to amoxicillin, doxycycline, enrofloxacin, and potentiated sulfonamides. In contrast, 

Salmonella spp. isolates demonstrated high overall susceptibility, though resistance to 

amoxicillin, doxycycline, and colistin were notable. Riemerella anatipestifer strains displayed 

elevated resistance specifically to enrofloxacin. All Pasteurella multocida strains tested were 

susceptible to amoxicillin, while Erysipelothrix rhusiopathiae isolates were broadly sensitive to 

nearly all tested antibiotics, except for increased resistance to oxytetracycline. Streptococcus 

gallolyticus isolates showed widespread resistance to oxytetracycline, but excellent 

susceptibility to penicillins. 

These findings confirm the growing presence of multidrug-resistant bacterial 

species in the waterfowl production sector, which not only compromises the effectiveness of 
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therapeutic protocols but also poses significant zoonotic and public health risks. The study 

highlights the urgent need to strengthen national surveillance systems, particularly to support 

prudent antimicrobial use, ensure food chain safety, and combat AMR more effectively. 

Key words: waterfowl; minimum inhibitory concentration; Escherichia coli; Salmonella; Pasteurella 

multocida; Riemerella anatipestifer; Streptococcus gallolyticus 
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Antimicrobial resistance leads to the failure of clinical antimicrobial therapy and 

represents a critical threat to global public health. While antimicrobials are essential for treating 

infections, their widespread and often unregulated use in livestock production has facilitated 

the emergence and environmental dissemination of resistance genes. This review investigates 

how antimicrobial resistance can be transmitted from animals to humans through various 

environmental pathways, including contaminated food, water, air, soil, and manure. In 

particular, the use of antibiotics as feed additives in intensive animal farming has been a major 

contributor to the selection and amplification of resistant bacterial populations. These bacteria, 

along with their resistance genes, are shed into the environment, where they can persist and 

spread via horizontal gene transfer to human pathogens. As a result, the food chain becomes a 

conduit for the indirect exposure of humans to resistant microorganisms. The study 

emphasizes that the environmental interface plays a pivotal role in the AMR crisis and 

underscores the need for integrated interventions. Measures such as stricter regulation of 

veterinary antibiotic use, improved waste management systems, and cross-sectoral One Health 

surveillance are vital to curbing the silent spread of resistance genes across ecosystems. 

Key words: antimicrobial resistance, food chain, gene transmission, environment, One Health 
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Antimicrobial resistance (AMR) represents one of the greatest challenges in 

contemporary livestock production and public health. Animal welfare plays a key role in the 

emergence and spread of AMR, as poor hygiene, stress, inadequate housing conditions and 

nutritional imbalance increase the risk of infectious diseases, and consequently the need for 

antimicrobial treatments. A structured survey was conducted among 50 farmers from 11 

locations across Serbia, assessing hygiene standards, housing systems, veterinary care, 

biosecurity measures, antibiotic management and awareness of AMR-related issues. The AMR-

related questions covered antibiotic usage practices, frequency of veterinary consultations, 

quarantine implementation, hygiene routines, therapy record-keeping, perceived AMR risk, 

and the level of biosecurity procedures applied on farms. The survey results revealed several 

dominant trends: most farmers rated the overall health status of their cattle as excellent; 

hygiene was generally carried out several times per week; bacterial infections were most 

commonly treated following veterinary recommendations; preventive examinations were 

usually performed once a year; antibiotic use was predominantly managed according to 

protocol; quarantine measures were consistently applied; housing conditions were largely 

assessed as very good; biosecurity training was regularly implemented; most farmers perceived 

AMR risk as high; and treatment records were regularly maintained. These findings indicate 

that basic elements of biosecurity and veterinary oversight are in place, yet the perceived high 

AMR risk highlights the need for strengthening antibiotic-use control, the standardisation of 

quarantine protocols and more consistent staff training. Alignment with EU standards, 

particularly in monitoring and limiting prophylactic antibiotic use, could further support AMR 

mitigation and improve food safety. 

Key words: antimicrobial resistance, cattle welfare, farmer survey, biosecurity, food safety, husbandry 

practices 
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